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THE ROLE OF THE IPCC IS...

“... to assess on a comprehensive, objective, open and
transparent basis the scientific, technical and socio-economic
information relevant to understanding the scientific basis of risk
of human-induced climate change, its potential impacts and
options for adaptation and mitigation.”

“IPCC reports should be neutral with respect to policy,
although they may need to deal objectively with scientific,
technical and socio-economic factors relevant to the
application of particular policies.”

PRINCIPLES GOVERNING IPCC WORK, PARAGRAPH 2
SOURCE: HTTP://WWW.IPCC.CH/PDF/IPCC-PRINCIPLES/IPCC-PRINCIPLES.PDF
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Human activities are responsible for global warming

1] Un e q Ui\/o C OI c) Changes in global surface temperature d) Humans are responsible

Observed warming is driven by emissions

from human activities with GHG warming
O ‘ ‘ ‘ , , O I , Global surface temperature has increased by partly masked by aerosol cooling 2010-2019
. 1.1°C by 2011-2020 compared to 1850-1900 (change from 1850-1900)
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*Other human drivers are predominantly cooling aerosols, but also
Concentrations of GHGs have increased rapidly since 1850 warming aerosols, land-use change (land-use reflectance) and ozone.
(scaled to match their assessed contributions to warming over 1850-1900

t0 2010-2019)
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Greenhouse gas (GHG) emissions resulting
from human activities continue to increase
60
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Increased emissions of
greenhouse gases (GHGs)

® GHG Emissions (GtCO,-eq/yr)
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“The 10% of households
with the highest per-
capita emissions
contribute 34-45% of
global consumption-
based household GHG
emissions, while the
bottom 50% contribute
13-15%."
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Emissions have grown in most regions but are distributed unevenly,
both in the present day and cumulatively since 1850

a) Historical cumulative net anthropogenic

CO, emissions per region (1850-2019) and for total population, per region (2019)

b) Net anthropogenic GHG emissions per capita
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Future
warming will
be driven by
future
emissions.

Past, current, and
future generations will
experience climate
change, and its
impacts, differently.
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¢) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term
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Limiting warming to 1.5°C and 2°C involves rapid, deep and
in most cases immediate greenhouse gas emission reductions

Net zero CO, and net zero GHG emissions can be achieved through strong reductions across all sectors

Now Is the
‘Decisive

Decade’
(2021-2030)

“There is a rapidly
closing window of
opportunity to secure a
liveable and
sustainable future for
all...The choices and
actions implemented in
this decade will have
impacts now and for
thousands of years.”
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a) Net global greenhouse
g0 gas (GHG) emissions

2019 emissions were
\[ 12% higher than 2010

Implemented policies
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Implemented policies result in projected
emissions that lead to warming of 3.2°C, with
a range of 2.2°C to 3.5°C (medium confidence)

Key

Implemented policies
(median, with percentiles 25-75% and 5-95%)

== Limit warming to 2°C (>67%)

Limit warming to 1.5°C (>50%)
with no or limited overshoot

=== Past emissions (2000-2015)
T Model range for 2015 emissions

Past GHG emissions and uncertainty for
2015 and 2019 (dot indicates the median)

2100

Source: IPCC ARé6 Synthesis Report (Fig SPM.5)



I Sixth Assessment Report ipcc oo

WORKING GROUP Il - MITIGATION OF CLIMATE CHANGE

Global temperatures will stabilize when the world reaches net zero

carbon dioxide emissions (‘balance between sources and sinks’)
(based on IPCC-assessed scenarios)

Credit: Volker Krey
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I Sixth Assessment Report ipcc o

WORKING GROUP Il - MITIGATION OF CLIMATE CHANGE

We are not on track to limit warming to 1.5 °C.
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IDCG we

... but there iIs
evidence of
Increased climate
action

[Matt Bridgestock, Director and Architect at John Gilbert Architects]



Sixth Assessment Report iDCC

WORKING GROUP Il - MITIGATION OF CLIMATE CHANGE

Evidence of increased climate action

8lallnll8e
Some countries have achieved a steady Zero emissions targets have been
decrease in emissions consistent with adopted by at least 826 cities and
limiting warming to 2°C. 103 regions

Climate laws present in 56 countries,
covering >50% of global emissions.



Climate Change and Energy Systems Transformation

.
INTERGOVERNMENTAL PANEL on ClimaTe change

ipcc

INTERGOVERNMENTAL PANEL ON ClimaTe chanee

ipcc

mrercovernmenTaL 2anie o Climate change

Climate Change 2022
Impacts, Adaptation and Vulnerability

Summary for Policymakers

Climate Change 2021
The Physical Science Basis

Summary for Policymakers

Climate Change 2022
Mitigation of Climate Change

Summary for Policymakers

Working Group | Working Group |l Working Group |l

In USA...

* GHGs 50-52% below 2005 in 2030

* 100% carbon pollution-free power sector by

. . 2035
International and national goolg fo keep global Science generates + Net-zero emissions economy by 2050
temperatures below 2 or 1.5 °C and achieve knowledge and informs « Bipartisan Infrastructure Law
el . the possibility space P . .
net-zero emissions by mid-century « Inflation Reduction Act

(e.g., 500k EV chargers, high-quality jobs, clean
water, broadband internet, ...)

https://www.ipcc.ch/report/ar6/wgl

https://www.ipcc.ch/report/ar6/we2
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https:/ /www.politico.com/news/2022/03 /01 /biden-state-of-the-union-2022-missing-00013082




Many Societal Objectives to be Achieved
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Toward a Nature-Inclusive Energy Transition
one that respects planetary boundaries and improves people’s livelihoods

%

Systems-level decision science and analysis ensures integration across multiple dimensions —

JObS & B Eorowc crorme
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[1" ransformation of the energy system is fundamental to sustainable developmen?

maximizing synergies (benefits) and minimizing trade-offs (risks)

Climate
Change &
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Health &
Livelihoods
Systemic factors acting as barriers and enablers to the energy transformation
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& & % =
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Identify barriers — Investigate enablers — Assess potential to be unlocked
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‘Whole-of-government’ approach to the
climate crisis

Minimize fradeoffs (e.g., job losses; energy
price rises; food shortages) => can be
barriers to fransition

Maximize synergies (e.g., job gains;
improved resilience; cleaner air; reduced
water and ecosystem stress) => can
accelerate transition

Explore potential energy systems transition
pathways from all sides
Integrated, holistic perspective is needed

Enormous potential at ORNL to marry basic
science with applied R&D
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Many
pathways
that society
can take.

Pathways and
opportunities for action
are shaped by previous
actions (or inactions
and missed
opportunities) and
enabling and

constraining conditions.

Diverse expertise to be
relied upon includes:
cultural values,
Indigenous Knowledge,
local knowledge, and
scientific knowledge.
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There is a rapidly narrowing window of opportunity
to enable climate resilient development

Multiple interacting choices and actions can shift
development pathways towards sustainability

Conditions that enable
individual and collective actions

¢ Inclusive govemance
e Diverse knowledges and values
¢ Finance and innovation

* |ntegration across sectors
and time scales

¢ Ecosystem stewardship

e Synergies between climate
and development actions

¢ Behavioural change supported
by policy, infrastructure and
socio-cultural factors

Governments
sy
0080,

iiti_ _[
Civil =7 Private
society sector

Emissions reductions
Adaptation
Sustainable Development
Climate Resilient Development

Conditions that constrain

individual and collective actions

¢ Poverty, inequity and injustice

* Economic, institutional, social
and capacity barriers

¢ Siloed responses

® Tradeoffs with SDGs

Sustainable Development
Goal (SDG) achievement

o, 5
- s
wn N
e S0
. . E
Early action and enabling @‘\\ 0\3%\0
conditions create future & oD
opportunities for climate ©
resilient development O =
\QQ\ |/
NG “’:
Qs

Past conditions

(emissions, climate

change, development)

have increased warming

and development gaps persist
Prospects for climate
resilient development will
be further limited if global
warming exceeds 1.5°C and
if progress towards the SDGs
is inadequate

7

® Lack of finance, and barriers Past Present 2030
to finance and technology conditions g0

IPCC ARG

Source: IPCC ARé6 Synthesis Report (Fig SPM.6)
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lllustrative "shock” that
disrupts development



wHo

I Scenarios collected and assessed in IPCC AR6 WG Il (Mitigation) iDCC @
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Scenarios :
190 Models (91+ modeling families): %

v 98 globally comprehensive,

3131 submitted scenarios (global, sectoral, national)
2266 with sufficient information for climate assessment

1686 scenarios passed the baseline vetting

v
v 71 national or multi-regional, v
v 20 sectoral models %

1202 in final Ch 3 climate assessment

Credit: Ed Byers
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analysis during report writing
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Visit the Scenario Explorer at https://data.ece.iiasa.ac.at/ar6/
Credit: Ed Byers



https://data.ece.iiasa.ac.at/ar6/
http://www.ipcc.ch/report/sr15/
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lllustrative Mitigation Pathways => iDCC
Many Ways to Achieve Net Zero ... Benefits and Risks of Each

Negative Emissions technologies Negative
Emissions
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Low-Carbon
Technologies
Continue to
Mature

a) Market Cost

Since AR5, the unit costs of some
forms of renewable energy and
of batteries for passenger EVs
have fallen.

below this point, costs can
be less than fossil fuels

Fossil fuel cost (2020)

b) Market Adoption

Since AR5, the installed capacity
of renewable energies has
increased multiple times.

Source: IPCC AR6
Synthesis Report (Fig 2.4)
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@ Cost ($2020/MWh)

Adoption (GW) -note differnt scales

Key

Renewable electricity generation
is increasingly price-competitive
and some sectors are electrifying

AR ®
Photovoltaics Onshore Offshore Passenger
(PV) wind wind electric vehicle
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oo Lifon ba ‘ery packs

600 , 16
: =
450 : = 1200
-
300 | < 800
! S
! (S
150 W’\ 400
0 . ' 0
2010
800 8
600 z 6
o
S
400 = 4
S
2
200 g2
<
0 0
2010
2000 2010 2020 = |\larket cost, with range

Fossil fuel cost (2020)
=== Adoption (note different scales)



Net-Zero Game Changers

Threefold strategy for
fechnologies needed
fo achieve net-zero
emissions by 2050

%

U.S. INNOVATION
TO MEET 2050
CLIMATE GOALS

ASSESSING INITIAL R&D
OPPORTUNITIES

NOVEMBER 2022
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Net-Zero Technolay

._%

2

CHIPS 5

and =

ch;rce Bipartisan
Infrastructure
Law

Transformational Impact

Broad Impact

Targeted Impact

Advanced Distribution Systems: Data,
Optimization, & Controls

Circular Economy & Secure Supply Chains
Efficient & Alternative Biofuel Production

Repurposing Pipelines for CO, and
H,Transport

CO, Capture, Utilization, & Storage Net-Zero Electrofuels _ .
. Connected & Automated Vehicles Repurposing Transportation ROWs
Long Duration Energy Storage High-Speed & Electified Rail -
Net-Zero Hydrogen & Ammonia M0b|l|ty on Demand Electric & Hybnd Aircraft
Net-Zero Power Grid: Advanced Advanced Nuclear Fission Low-CO, Shipping
Transmission Planning & Operation Advanced Solar
Advanced Batteries Advanced Wind Low-CO, Aluminum
P e Enhanced Geothermal
OW-CO, Heavy-Duty Vehicles Low-CO, Industrial Heat & Clean Water Low-CO, Cement
Low-Cost Away-From-Home Charging . o ;
: Low-CO, Building Qonslructlon & Low-CO, Chemicals
Fusion Energy Operation
Low-GHG HVAC & Refrigerants Low-CO, Infrastructure Construction Low-CO, Steel
! GHG-Reducing Cropping Practices
Engineered CDR Non-Agricultural Methane Reduction Low-CO, Greenhouses &
Nature-Based CDR Reduced Livestock GHGs Livestock Facilities
Legend
Cross-Cutting Industrial Carbon
Innovation Processes Removal

Note that the technologies are grouped by sector and appear in alphabetical order.



ORNL Efforts in Climate Change and Decarbonization

Examples (some established, others nascent) provided for illustration

« Transformational Decarbonization Initiative (LDRD)
« Climate Change Science Institute

« UT - Oak Ridge Innovative Institute (UT-ORII)

o Appalachian Carbon Forum

« Regional Decarbonization Project for the Southeast
 Net-Zero ORNL Campus (part of Sustainable ORNL)

e Decision Science and Global Change Analysis for Nature-Inclusive
Energy Transitions

+ Numerous individual projects (both large and small, many multi-lab)
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World

: : : State Department — Energy and Climate Diplomacy
Country Partners: governments, private sector, academia, technical

institutes, and civil society USAID - Integration with Development Assistance

(including marginalized communities)
EXIM/MCC/DFC/TDA/Commerce/Treasury —
Investment and Business Partnerships

Initiative will
partner with
countries to help
them implement
climate ambition
pledges and Initial Partner Governments  KEY ENERGY SECTORS AND TOPICS AND INITIAL LAB TEAM

Federal Agency and DOE Lab Implementation Teams -
Sector and Country-Specific

accelerate global . é‘;ﬁi’“'“a
- - Chi
transitions to . Egypt E_j Collaborative Action
net zero, - Indonesia wea NRE L “‘25"’" Areas
resilient, and - Nigeria B - Analysis and Road
3 3 - Ukraine
inclusive ener Maps
systems o  Thailand o= H S iloti
y ' - Singapore seRkELEY LAB  Argonne "= * RD&D - piloting,
testing, incubators
. . + Policies and
Philanthropies & Other 3% 0AK RIDGE Gs Brookhaven Regulations
Net ZerO W0r|d Partners Support 0 Carbon Capture, Mational |aboragory National Laboratory
i 2 Use, and Storage .
Will Harness . Breakthrough Energy = & Deployment and

Investment

Unigue USG and

» Lynne and Marc Z: Agriculture |M Lawrence Livermore gandia Programs

Lab Assets in Benioff National Laboratory

Partnership with . Bloomberg %; T — TE Development
Philanthropies Philanthropies Systems \!m.d"’h”“h'““m*"""f “‘:“" 4

- Workforce

LABDRATORY

- MDBs, GlZ, others Nuclear 'ZERO WORLD INITIATIVE | 28




The Net Zero World
Initiative will partner with
countries to help them

implement climate
ambition pledges and
accelerate global
transitions to net zero,
resilient, and inclusive
energy systems.

The Net Zero World Initiative Offers Partners:

°Immediate and sustained access to expert technical, deployment, and

investment analysis and facilitation from the U.S. government, including
the U.S. DOE’s world-class national laboratories.

*Targeted support for in-country technical institutions to build long-term,
self-sustaining technical capacity.

*Deep collaboration to develop technical and investment plans and
support implementation for technology project design and testing,
infrastructure modernization, enabling policies and measures, investment
analysis and facilitation, capacity building and workforce development, and
other critical actions needed to achieve near- and long-term energy system
decarbonization.

Timeline and Performance Metrics

By 2022 By 2023

Assist with net zero Provide deep Continue implementation
energy technical and cooperation to support support, expand clean
investment plans and priority policies and energy economies and

support quick win programs for countries  jobs, and mobilize at least
measures to achieve net zero $10B in clean energy
transitions infrastructure and project

investment



Example Technical Cooperation Areas
to Support Net Zero Transitions

Transportation

Policies supporting public-
fleet procurement and
sustainable fuel adoption
Low-carbon fuel
standards to drive
deployment of zero-
emissions vehicles
Modeling and analysis of
low and zero carbon
options

Industry

Policies and standards for
energy and material
efficiency

Modeling and analysis to
determine
decarbonization
opportunities

Programs to support clean
energy entrepreneurship
and energy justice

Buildings

Policies to attract finance
Codes and standards for
building and appliance
efficiency

Technology
demonstration at
building/community-level
Workforce development
for operators of net-zero
buildings at scale
Modeling and analysis of
decarbonization options

Carbon Capture and
Geologic Storage

Country-level
assessments to identify
opportunities and
technical assistance
Regulatory assistance and
best practices for
community engagement
Clean energy pathways
that link CCS and
renewables

Assessment capacity
building

Power and Storage

Grid modernization
infrastructure and
operational tools

High penetration
renewables deployment
options

Analysis and road
mapping to evaluate
storage technologies
Policies and regulations
for grid planning, energy
storage business models
and market development

Energy System-Wide &

Cross-cutting Topics

Energy system-wide
analysis to inform net zero
technical and investment
plans

Just transition and energy
equity

Energy investment and
finance mobilization
Energy use for agriculture
Hydrogen production, use
in transportation, industry,
etc.

Nuclear energy for
baseload electricity
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LDRD Transformational Decarbonization Initiative (TDI)

CO, Capture Thrust
(Thrust lead: Michelle Kidder)

Scalable, cost-efficient technologies

CO, membrane contactor
(P1—1slam)

DAC with amino acids (PI
— Custelcean)

Electrothermal CO,
adsorption (Pl — Paul)

CO, capture in cement(Pl —
BranAnleu)

CO, capture with building
infrastructure (Pl — Nawaz)

DAC with mineral looping
(P1 - Stack)

TDI Initiative
(Lead: David Sholl)

CO, Conversion Thrust
(Thrust lead: Shannon Mahurin)

Chemistry withou} aqueous solvents

Molten salt CO,
conversion to carbon (Pl —
Mahurin)

1

Scalable CO, conversion
using scCO, (Pl — Veith

Nonaqueous CO, reduction
using electron-proton
mediators (Pl — Nanda)

Plasma-assisted urea
synthesis (Pl — Ilvanov)

-

=> TDI projects paired
with DS@ORNL
analysis

Decision Science Thrust
(Thrust lead: David McCollum)

Focusing R&D needs and priorities

Planning future CO,
infrastructure (Pl — Uddin)

Effects of CDR on carbon
sinks (Pl — Thornton)

TDI Objective: Establish ORNL leadership in carbon negative technologies and economic sectors that will be
challenging to decarbonize

DS@ORNL Objective: Understand how novel experimental designs could potentially figure into the broader
suite of decarbonization activities and assess where the opportunities and barriers may lie



DecisionScience@ORNL objectives X Sy

1. Promote networking of decision-
science (DS) experts and enthusiasts at
ORNL, including informing non-DS ORNL
staff about the breadth and utility of
decision-science methodologies

2. Integrate decision-science knowledge
and tools throughout the laboratory’s
research portfolio, including
establishing a pool of decision-science
experts who can quickly come
together for proposals and awarded
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UrbanDAC: Distributed Direct Air Capture at the Urban Scale

Pls: Thomaz Carvalhaes, Nasir Ahnmad (Built Environment Characterization Group, NSSD)

Goal: Data-driven framework to guide systems-level design and decision-making processes toward city-scale
implementation of sustainable and resilient DAC technologies

Background: \

DecisionScience@ORNL project /

Inspired by and as a sub-effort to TDI

project “Intensified Carbon Capture Bieieimes e Bl
Using Buildings Infrastructure” by Kashif Road density
Nawaz (Pl) et al.

Methods:

Suitability Index

Two-part geographic multi-criteria
decision analysis (MCDA) approach:
- Suitability index for selecting

candidate buildings for
UrbanDAC;

«  Network analysis that optimizes the
resilience of the network

- MCDA

Optimal
DAC

Suitability Layers

Flood Risk = Commercial Buildings

Nitlgle!

Preliminary Results:

« For mid-size city (Knoxville, TN),
some candidates located in high-
risk floodplains

« 20 optimal candidates initially
identified for further analysis
%OAK RIDGE
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Integrated perspective is needed to deliver on mission-critical
challenges ... and the mission continues to evolve

21 July 1972, Volume 177, Number 4045 SCIENCE

AMERICAN ASSOCIATION FOR
THE ADVANCEMENT OF SCIENCE

Is anything really lost if a big laboratory becomes only a
collection of weakly interacting little laboratoriese To my
mind, the laboratory’s very essence is lost, in both applied
and basic research ... the strength of laboratories like ORNL
lies in the interdisciplinary composition of their staffs.

Science and Trans-Science

Seience serves ils

Many of the issues that lic at the interface between science and politics
involve questions that can be stated in scientific terms but that are in
pnnplhyudlhn:pmﬁ ency of science to answer. In a recent paper

a [10, 209 (April 1972)], lp vpased the term “trans-scientific™
for iunh questions. For cx-mpl:, the biological effect on humans of very
low level radiation (or i
probably never be fully asce: .md, s

of animals required
extremely unlikely ev
be made with a yu:u ing ]Jk: the scienti vni

estimates of events for which there are abundant statistics,

In the current attempts to weigh the benefits fwchnlgy against
its risks, the protagonists often ask for the impe al
to questions that are (mns-ﬂ,u:nhﬁc_ ‘What the s

matters of nce. In the latter case, ha can bring to bear hi
expertisc b p establish scientific truth; in the former case, im can,
at most, help delineate where science ends and trans-science begins. W o3

Over and over again it has been demonstrated that the

whole can be greater than the sum of its parts, that good ““mmmmi

Scientific truth is established by the traditional methods of peer m-:
view: only what has value in the intellectual marketplace survives. By I
contrast, where trans-science is imvolved, dom  (rather than lruth)§
must be arrived sl by some other
menting with procedures, either adjuc

people from diverse fields working together can make
major scientific discoveries that are denied geniuses
working in isolation.

anism. Our society is mcpzri-’:
ive or political, for making ﬂmi
delicate judgments of value that underlic the resolution of trans-scien-
tific questions. These procedures are much in vogue now as a conse ﬁ
quence of the National Environmental Policy Act. Although these pro-Z z
cedures are often marred by their lack of discipline, even unluhma
such untidiness is, T suspect, inevitable in a democratic society.

We scientists value our republic of science with its rigorous peerg‘
group review. The uninformed public is excluded from participation in 2
the affairs of the puhlu: of science rather as a matter of course. But
when what we do transcends science and impinges on the public, weﬂ
have oice but to wcl:cme public participation. Such participation
by the itinted in matters that have both seientific and trans-scientific -_(
clements may pose some threat to the integrity of the republic of
science. To my mind, however, this is a lesser threat than is the threat
to our democratic processes that would be posed by excluding the
public from participation in trans-scientific debate.

‘We must strive to improve our procedurcs for conducting this debate

— Alvin Weinberg (ORNL Director), 1967

in such a wa‘)‘ that the i:sn& ean be aired fully ) and yct lh procodures

» Weinberg founded and directed the Institute for Energy Analysis at Oak Ridge Associated ‘“" 3;52;";"-’,;:?;;“2;:;:7 “"”h:—m““

Ridge, Tennessee 37830

Universities (ORAU) from 1976 to 1984.

* Weinberg's Institute was: Weinberg (1972). “Science and Trans-

. one of the first in the world to explore the link between CO, in the atmosphere and its Science.” Science.
resulting effect on global warming.

. a hub forinter- and trans-disciplinary decision science and analysis.
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Thank youl!

David L. McCollum, Ph.D.

mccollumdl@ornl.gov
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