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Achieving NetZero: solutions extend beyond power

production from fossil sources

Billion-dollar disaster events in the US

United States Billion-Dollar Disaster Events 1980-2021 (CPl-Adjusted)
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The transition toward net zero emissions
will include S&T advances, addressing
- . market challenges, as well as economic,

5018 social, and cultural considerations
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ldentifying major sources emissions provide

insights into potential solution pathways

Greenhouse gas emissions by sector, United States, 2019 P
Emissions are measured in carbon dioxide equivalents (CO2eg). This means non-CO2 gases are weighted by the
amount of warming they cause over a 100-year timescale.

Electricity and heat 1.97 billion t

Transport 1.82 billion t

Buildings 557.57 million t
Manufacturing & Construction 442 .6 million t
Fugitive emissions 425.07 million t
Agriculture 381.83 million t
Industry 238.67 million t

Aviation and shipping 150.17 million t

Waste 134.35 million t
Other fuel combustion §§ 39.9 million t
Land-use change and forestry -230.21 million t

ot 500 milliont 1 billiont 1.5 billion t




Integrated Energy Electrons to Circular Economy for
Pathways Molecules Energy Materials
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Develop the foundational The conversion of electricity Establishing the foundational
knowledge and technologies to and small waste gases (e.g., knowledge/technology for design,
optimize the integration of CO,, H,0, N,) into chemical recycle, reuse, remanufacture, and
renewables, buildings, industry, bonds for the purposes of reliability for energy-relevant
energy storage, and chemical, material, or fuel materials and processes.
transportation—modernizing our synthesis and/or energy storage.

energy systems and ensuring a
secure and resilient grid.

NREL's Three Critical Objectives...Strategic directions
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A collaborative engagement

Science and Technology P Molecules. Energy Mstarats
1. Future energy system e AL

. | | ﬁ#ﬁgg&
2. Conversion of electrical to chemical _=. BE aﬁ"
energy ﬁ?_g.g_g.‘

3. waste/emissions

Investments

a. Government: BIL/IRA, DOE Offices
b. Partnerships

c. LDRD

Implementation/Adoption:
Communities to clean energy
LA100, PR100

a. Consumer preferences

b. Environmental Justice

c. Economics/Markets Policy (IRA —tax credits etc.)
d. Health/environmental Ordinances (challenge)




Energy system of the future -Decarbonization

* Diverse power generation sources (inverter-
based grid) -High penetrations of wind and solar

e Electrification —transportation, industry
— Grid interactive buildings/communities
— Different Storage technologies (time scales)
— Mobility...connectivity

e Autonomous control of millions of devices

— storage, distributed energy resources, smart
appliances, EVs...

*  Cyber and physical security, reliability, resilience

*  Low carbon fuels: marine, rail, air
* Hydrogen infrastructure
* Carbon Capture, Storage
* CO, conversion: Chemicals, materials, fuels
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This slide shows a day in the life of
the future grid with large amounts of
wind and solar.

Info from the North American
Renewable Integration Study (NARIS)
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Developed complex multi- ”
domain energy system

simulation of SF Bay Area

Evaluation of distributed,
hierarchal controls operating
at 1 sec with millions of

controllable assets
@ SolarPv

@ Building Load
@ EV Charger

@ EV with passenger
EVidle




NREL Brings Distinct Capabilities

Foundational Science Accelerated Technology Scale-Up Systems Markets

Bench-scale- discovery Sc R&D with Industry Partners

Carbon-free H,

Products from
electrochemical
processes and CO,

Advanced Batteries

PV, Wind, Water

Energy Materials and Power, Geothermal

Processing at Scale (EMAPS) s
Solar Energy Research Facility New Buildings and

Science and Technology Facility Industrial M.aterials, Advanced Research on
Field Test Laboratory Building e Lok IS\/Ianufacturmg and Integrated Energy Systems
el — - ystems

* Grid and security tech

Energy Systems
Integration Facility

High Performance Computing, Simulation, and Visualization




ARIES e TINREL

Transforming ENERGY

Advanced Research on
Integrated Energy Systems

ARIES is a research platform
developed by the National
Renewable Energy Laboratory
and DOE’s Office of Energy
Efficiency and Renewable
Energy.

A research platform that can
support the nation’s transition
to a decarbonized energy
system.

Mitigating risk, vulnerability,
and expense to the electric grid
and customers.




TRANSITIONING FROM COAL TO CLEAN ENERGY

2023
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“Simulation and
Emulation for Advanced
Systems (SEAS):
Bridging the Gap
Between Energy
Transition Planning and
Implementation.”

“Harsh wWinter condltlons in Alaska affect energy Fehance ahd .'. -
cost Photo from Golden Valley Elegetrié Assocrat/ g .

Led by NREL Research Engineer Jennifer King (MTES)



AN APPLICATION OF ARIES!

a Virtual
ntation

(2C: Clean Energy “Sandbox” =T = i USiFﬂg Data Erf)m
for Communities to Validate Real Communities...
(lean Energy Solutions
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C2C: Clean Energy to Communities

Tailored support to transform
community clean energy oot

ong . . L ee®
ambitions into tangible results. oo™ .
o Implementation

Develop actionable plans;
create network of cities to

H0% share replicable strategies
,“\;eed‘o Technical & lessons for long-term
oot . impact
co® Advisement
In-depth, customized Local and Regional
analysis of potential Decarbonization
Community-Led solutions; validation to
de-risk large-scale

Goal Setting
Active community engagement
to understand needs, collect
diverse perspectives, find
common ground

investment & deployment Workforce and
Economic Development

Climate
Resilience

Energy Justice
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PROCESS INTEGRATION AT SCALE

ANALYSIS

Oip, \ Direct Air Capture

PROCESS INTEGRATION

Flue Gas CO, Cco,
e ‘L Electrolyzers

2 virtual Emulation Environment |

= Fermenter
e Gase’
Clean C0; Higher Value
Electricity ~Renewable o Low-Carbon
Grid Electricty c: | v Hydrocarbon
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Examining Supply-Side

.,::: N R E L Options to Achieve
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How does electricity What gets built What are the impacts on
use change? and where? y electricity costs and
societal benefits?
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Technology Mix: Wind and Solar are most important in all

scenarios (least cost scenarios)

2020 2035 core scenarios
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Siting ordinances, in every state, will

. . . ° nature energy
limit the amount of available wind i
Impact of'siting ordinances onland
a n d S O I a r availability for wind and solar development
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Restrictions on wind have increased from 2018 to 2022



Clean Electricity Generation Across IRA Analysis Scenarios
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The inclusion of IRA drives clean electricity to capture 71%-90% of total generation by 2030,
where the range reflects the different sensitivities explored NREL | 11

POLICY FORUM

ENERGY AND CLIMATE POLICY

Emissions a!ld energy impacts
- of the Inflation Reduction Act Science 30 JUNE 2023 » VOL 380 ISSUE 6652 nreL | 13

Economy-wide emissions drop 43 to 48% below 2005 levels
by 2035 with accelerated clean energy deployment



What we know about integrating wind and solar
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Challenges for Increasing variable renewables on the grid

Grid Stability

* Availability:
Renewable resources
local and global

Variability and Uncertainty

of Generation
* Operating Reserves
Unit Commitment and Dispatch

Raw material
resources for
technologies

Other Grid
Considerations

* Blackstart capability
* Cyber and Physical Threats
Qchno-Economic \ / Engineering /

The S&T community has developed strategies to address the technical challenges
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Three Timescales of the Balance Challenge

The seasonal problem

The diurnal mismatch problem

The short-term

Degree of Difficulty/Cost

N

Fraction of Annual Energy from Renewable Energy
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In the future wind blades will be made of thermoplastic

polymers

Em . . .
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Blades in a landfill Thermoplastic Blade
Readily recycled

Hydrogen production using offshore wind
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