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Outline – Climate Change, Decarbonization, Sustainability

• The Enormous Challenge

• The Broader Context

• The Solution Space

• The Unique Opportunity
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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



The Enormous 
Challenge
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“Unequivocal 
that human 
influence has 
warmed the 
atmosphere, 
ocean and 
land”

Global surface 
temperatures reached 
1.1°C above 1850–1900 
in 2011–2020 

Source: IPCC AR6 Synthesis Report (Fig 2.1)
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Historical 
contributions 
to global GHGs 
vary 
substantially 
across regions.

“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%.”

Source: IPCC AR6 Synthesis Report (Fig 2.2)
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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. 

Source: IPCC AR6 Synthesis Report (Fig SPM.1)
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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.”

Source: IPCC AR6 Synthesis Report (Fig SPM.5)



Sixth Assessment Report
WORKING GROUP III – MITIGATION OF CLIMATE CHANGE

Global temperatures will stabilize when the world reaches net zero 
carbon dioxide emissions (‘balance between sources and sinks’)

NET ZERO CO2
EMISSIONS

EARLY 2050s 1.5°C

NET ZERO CO2
EMISSIONS

EARLY 2070s 2°C

(based on IPCC-assessed scenarios)

Credit: Volker Krey

NDCs

Current
Policies

2.8°C

3.2°C



The Broader 
Context



Sixth Assessment Report
WORKING GROUP III – MITIGATION OF CLIMATE CHANGE

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



Sixth Assessment Report
WORKING GROUP III – MITIGATION OF CLIMATE CHANGE

“ … but there is 
evidence of 
increased climate 
action

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



Sixth Assessment Report
WORKING GROUP III – MITIGATION OF CLIMATE CHANGE

Some countries have achieved a steady 
decrease in emissions consistent with 

limiting warming to 2°C.
Climate laws present in 56 countries, 
covering >50% of global emissions.

Zero emissions targets have been 
adopted by at least 826 cities and 

103 regions 

Evidence of increased climate action
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Climate Change and Energy Systems Transformation

https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/ar6/wg3/ 

https://www.politico.com/news/2022/03/01/biden-state-of-the-union-2022-missing-00013082

Working Group I Working Group II Working Group III

International and national goals to keep global 
temperatures below 2 or 1.5 °C and achieve 

net-zero emissions by mid-century

In USA…
• GHGs 50-52% below 2005 in 2030
• 100% carbon pollution-free power sector by 

2035 
• Net-zero emissions economy by 2050
• Bipartisan Infrastructure Law 
• Inflation Reduction Act

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

Science generates 
knowledge and informs 

the possibility space
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Many Societal Objectives to be Achieved



1717

Toward a Nature-Inclusive Energy Transition
one that respects planetary boundaries and improves people’s livelihoods

• ‘Whole-of-government’ approach to the 
climate crisis

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

• 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
Identify barriers → Investigate enablers → Assess potential to be unlocked



The Solution Space
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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.

Source: IPCC AR6 Synthesis Report (Fig SPM.6)



Sixth Assessment Report
WORKING GROUP III – MITIGATION OF CLIMATE CHANGE

Modelling 
teams

WGIII AR6 scenario 
database

2266
scenarios

Initial 
vetting

1686
scenarios

Vetting criteria:
Coherence with 
historic trends

Scenarios collected and assessed in IPCC AR6 WG III (Mitigation)

190 Models (91+ modeling families):
 98 globally comprehensive, 
 71 national or multi-regional, 
 20 sectoral models

Scenarios :
 3131 submitted scenarios (global, sectoral, national)
 2266 with sufficient information for climate assessment
 1686 scenarios passed the baseline vetting 
 1202 in final Ch 3 climate assessment

Table SPM1

Climate 
categorization

WGI Climate 
emulators
(harmonization/infilling)

1202
scenarios

Credit: Ed Byers
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IPCC AR6 WG III Scenario Database
(building on AR5 & SR1.5 experience)

Visit the Scenario Explorer at https://data.ece.iiasa.ac.at/ar6/
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✔ Facilitate collection of scenarios 
from the community

✔ Facilitates data sharing and 
analysis during report writing

✔Establish internally consistent, 
quality-controlled and comparable 
datasets

✔Data security during report writing
✔Data transparency on publication

Credit: Ed Byers

https://data.ece.iiasa.ac.at/ar6/
http://www.ipcc.ch/report/sr15/


Sixth Assessment Report
WORKING GROUP III – MITIGATION OF CLIMATE CHANGE

Illustrative Mitigation Pathways => 
Many Ways to Achieve Net Zero … Benefits and Risks of Each

ENERGY SYSTEM

GHG EMISSIONS

Low Demand Sustainability
Renewables

Negative Emissions technologies

Credit: Keywan Riahi

Negative 
Emissions 
technologies



The Unique 
Opportunity
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Low-Carbon 
Technologies 
Continue to 
Mature

Source: IPCC AR6 
Synthesis Report (Fig 2.4)
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Net-Zero Game Changers

Threefold strategy for 
technologies needed 
to achieve net-zero 
emissions by 2050

CHIPS 
and 

Science 
Act Bipartisan 

Infrastructure 
Law

Inflation 
Reduction 

Act
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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)
• Appalachian Carbon Forum
• Regional Decarbonization Project for the Southeast
• Net-Zero ORNL Campus (part of Sustainable ORNL)
• Decision Science and Global Change Analysis for Nature-Inclusive 

Energy Transitions

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



Net Zero World Overview

April 2023
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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.

Buildings

Industry

Power & 
Energy Storage

Carbon Capture, 
Use, and Storage

Transport

Agriculture 

KEY ENERGY SECTORS AND TOPICS AND INITIAL LAB TEAM

Energy 
Systems

Initial Partner Governments
• Argentina
• Chile
• Egypt
• Indonesia
• Nigeria
• Ukraine
• Thailand
• Singapore

Collaborative Action 
Areas

• Analysis and Road 
Maps 

• RD&D – piloting, 
testing, incubators 

• Policies and 
Regulations

• Deployment and 
Investment 
Programs

• Workforce 
Development

Whole of US Government Management Team

Country Partners: governments, private sector, academia, technical 
institutes, and civil society 

(including marginalized communities)

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

DOE – Energy Technology and Deployment Expertise

State Department – Energy and Climate Diplomacy

USAID – Integration with Development Assistance

EXIM/MCC/DFC/TDA/Commerce/Treasury –
Investment and Business Partnerships

Nuclear 

Philanthropies & Other 
Partners Support 

• Breakthrough Energy

• Lynne and Marc 
Benioff

• Bloomberg 
Philanthropies

• MDBs, GIZ, others

Net Zero World 
Will Harness 
Unique USG and 
Lab Assets in 
Partnership with 
Philanthropies
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Mission

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 By 2024
Assist with net zero 

energy technical and 
investment plans and 

support quick win 
measures

Provide deep 
cooperation to support 

priority policies and 
programs for countries 

to achieve net zero 
transitions

Continue implementation 
support, expand clean 
energy economies and 

jobs, and mobilize at least 
$10B in clean energy 

infrastructure and project 
investment
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• 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

Transportation

Example Technical Cooperation Areas 
to Support Net Zero Transitions

• Policies and standards for 
energy and material 
efficiency

• Modeling and analysis to
determine 
decarbonization 
opportunities

• Programs to support clean 
energy entrepreneurship 
and energy justice

Industry

• 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

Buildings

• 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

Carbon Capture and 
Geologic Storage

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)

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

TDI Initiative
(Lead: David Sholl)

CO2 Capture Thrust
(Thrust lead: Michelle Kidder)

CO2 Conversion Thrust
(Thrust lead: Shannon Mahurin)

Scalable, cost-efficient technologies Chemistry without aqueous solvents
CO2 membrane contactor 

(PI – Islam)
Molten salt CO2

conversion to carbon (PI –
Mahurin)

Decision Science Thrust
(Thrust lead: David McCollum)

DAC with amino acids (PI 
– Custelcean)

Electrothermal CO2
adsorption (PI – Paul)

CO2 capture in cement(PI –
BranAnleu)

CO2 capture with building 
infrastructure (PI – Nawaz)

Scalable CO2 conversion 
using scCO2 (PI – Veith)

Nonaqueous CO2 reduction 
using electron-proton 

mediators (PI – Nanda)

Focusing R&D needs and priorities

Plasma-assisted urea 
synthesis (PI – Ivanov)

DAC with mineral looping 
(PI – Stack)

Planning future CO2
infrastructure (PI – Uddin)

Effects of CDR on carbon 
sinks (PI – Thornton)

=> TDI projects paired 
with DS@ORNL 
analysis
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DecisionScience@ORNL objectives

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 
projects
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Background:
DecisionScience@ORNL project

Inspired by and as a sub-effort to TDI 
project “Intensified Carbon Capture 
Using Buildings Infrastructure” by Kashif 
Nawaz (PI) et al.

Methods:
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

Preliminary Results:
• For mid-size city (Knoxville, TN), 

some candidates located in high-
risk floodplains

• 20 optimal candidates initially 
identified for further analysis

UrbanDAC: Distributed Direct Air Capture at the Urban Scale

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

PIs: Thomaz Carvalhaes, Nasir Ahmad (Built Environment Characterization Group, NSSD)
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Is anything really lost if a big laboratory becomes only a 
collection of weakly interacting little laboratories? 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. 

Over and over again it has been demonstrated that the 
whole can be greater than the sum of its parts, that good 
people from diverse fields working together can make 
major scientific discoveries that are denied geniuses 
working in isolation.

– Alvin Weinberg (ORNL Director), 1967

Integrated perspective is needed to deliver on mission-critical 
challenges … and the mission continues to evolve

• Weinberg founded and directed the Institute for Energy Analysis at Oak Ridge Associated 
Universities (ORAU) from 1976 to 1984. 

• Weinberg’s Institute was: 
• … one of the first in the world to explore the link between CO2 in the atmosphere and its 

resulting effect on global warming. 
• … a hub for inter- and trans-disciplinary decision science and analysis.

Weinberg (1972). “Science and Trans-
Science.” Science.



Thank you!

David L. McCollum, Ph.D.

mccollumdl@ornl.gov

mailto:mccollumdl@ornl.gov
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