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Creating holistic solutions in electrical energy that can be rapidly adopted and scaled
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Reducing Grid Related Emissions CeqR ehvted

. Opportunity: Electricity generation (coal, gas) accounts for 26.9%
of US emissions, transportation 55.1% , buildings and industry
35% - key drivers for new solutions are lower cost and emissions

In 2000, IEA forecast for 2030 = RE 4.4% of total
In 2014, RE was 27.7% of total, 58.5% of new build

Annual PV additions: historic data vs IEA WEO predictions
In GW of added capacity per year - sources World Energy Outlook and PVMA

It iS difﬁCUlt 70 =P PV History

WEO 2016 New Policies

. Zero Carbon Resources: Hydro, nuclear, wind and PV — future
technologies include clean fuels (e.g. hydrogen) and SMR

. . . . to make 60 WEO 2016 Current Policies
. Resource Adequacy: YES (100 mi x 100 mi PV farm in Arizona forecasts, WEO 2014
. . . . 5 WEO 2013
could, in principle, meet US annual energy needs) especially ~ °° L
. . . . . about the 40 WEO2011
. Challenge: coordinating time and location of generation and future — WEO 2010
. I . WEO 2009
consumption (over milliseconds to seasons all over the grid) old Danish ~ ° WEo 2008 ———
—
. ape . . . 5 WEO 2006
. Attributes: dispatchability, fast-ramping, spinning reserve proverb  2° WEO 2004 =
WEO 2002 —
. Enablers: long/medium duration energy storage; AC & DC - \/
transmission; power electronics; ICT and cyber; ultra- 0 —
2000 2010 2020 2030

automation; microgrids; carbon capture & sequestration

Learning curve for module price as a function of cumulative shipments

. Approach: Centralized generation AND distributed generation
(microgrids) together meet reliability, resiliency and cost goals
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. New Paradigm (?): reliability & resiliency from the grid edge;
affordability & sustainability from bulk PV/wind/hydro/other

Grid Transformation

Centralized, Passive & Rigid | =—» | Decentralized, Dynamic & Resilient

average module sales price [USD 2019/Wp]

0 0° 1° 10 2019: PV + 4 hours
cumulative PV module shipments [MW] storage: $32/MWHr



Fast Growing Sectors are Transforming the Grid Georgia (Sl [,

PV and Wind Farms

» PV and wind represent fast global growth — (120+160) GW/yr
» With storage, shows much lower LCOE and better dispatchability
» Needs transmission to connect load centers with generation
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Energy Storage
» Fast growth for modular battery energy storage — 1100 GW by 2030
» Hydro to pumped hydro conversion and CAES offer central storage
» Clean fuels — hydrogen, ammonia offer long duration energy storage
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DC Fast Charging (DCFC)

e 125 million EVs by 2040,buses, trucks, semis — all going electric
 DCFCat 100 kW to 1 MW will stress the grid (peak load 1000 GW)
* Significant coordination with grid edge resources will be needed

Community Resiliency Microgrids
* Hurricanes, wildfires & ice-storms show need for grid edge resiliency
* High cost, complex integration with grid operations, poor scaling
* Will reshape the design of the future grid, technology/cost challenges

Intersection of forward-leaning incentives and ‘exponential’ technologies hold the key to this transformation
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Recent NASEM Reports - Resilience CeqR ehvted

- . PRIOR TO AN EVENT DURING AN EVENT AFTER AN EVENT
Recent Events in Texas Again The ability to absorb shocks | Theabilitytomanagea  {  The ability to get back to

and keep operating i  disruptionasitunfolds | normal as quickly as possible

Emphasize Need for Resilience

INCIDENT-

FOCUSED
2019

POST-INCIDENT
LEARNING
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CONSENSUS STUDY REPORTY
The ability to incorporate new lessons after a disaster

and minimize the risks associated with future events

Recommendation: The Department of Energy and
Department of Homeland Security should jointly establish
and support a “visioning” process with the objective of
systematically imagining and assessing plausible large-area,
long-duration grid disruptions [...]

Recommendation to the electric power sector and DOE: The
owners and operators of electricity infrastructure should work
Enhancing the , 1K closely with DOE in systematically reviewing previous outages
RESI Ll ENCE / and demo_nstratlng_technologles, opgratlonal arran_;zements.

’ and exercises that increase the resilience of the grid

of the Nation’s Electricity System
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Recent NASEM Reports - Decarbonization Tech Distrbuted
Committee asked to e e * Set energy standard for electricity generation to
produce two reports that CONEKHEUS BIRDT Ritoi reach 75% clean electricity by 2030 and net-zero
evaluate the status of ACCELERATING DECARBONIZATION emissions by 2050.
technologies, policies, and OF THE U.S. ENERGY SYSTEM «  Enact congressional actions to advance clean

societal factors needed for
decarbonization and
recommend research and
policy needs.

This first report focuses on
federal actions over the
next ten years to put the
U.S. on a fair and equitable
path to net-zero in 2050.

nap.edu/decarbonization

2021
g Plan, permit, and build ‘**:__ Produce carbon-free
- critical infrastructure j:;E electricity

electricity markets, and to improve their
regulation, design, and functioning.

Set national zero-emissions vehicle standards and
manufacturing standards for zero-emissions
appliances.

Facilitate new transmission infrastructure by
amending Federal Power Act and Energy Policy Act.

Triple federal investment in clean energy RD&D,
including funds for social science research.

Electrify energy services in
transportation, buildings, and industry



The Future of Electric Power in the US...new NASEM report
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The system is on the cusp of
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We can identify drivers of
future change, but how they
will manifest is uncertain — and
it will be different in different
parts of the country
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Can shut off in response to Demand
frequency fluctuations £™) Use can be shifted to off-

| J peak times to save money.

SMART GRID

A vision for the future — a network
of integrated microgrids that can
monitor and heal itself.

Solar panels

Disturbance
in the grid

Execute special protection
schemes in micraseconds.

Detect fluctuations and
disturbances, and can signal
for areas to be isolated

Storae S5
S| Eriergy generated at off-
peak times could be stored
inbatteries for later use

Energy from small generators
and solar panels can reduce
overall demand on the grid

Industrial
plant

572

Grid of the future



CEntEr Torr

The Future of Electric Power in the US - NASEM Report ~ Geqrgia misiributed

Paraphrased Recommendation 5.1: To meet the
challenge of dramatically lowering U.S. CO
emissions, there is a need to develop: generation
technologies with zero direct CO:.emissions; low-
carbon technologies with high dispatchability and
fast ramping capabilities; storage systems for multi-
hour, multiday and seasonal time-shifting; power
electronics to enable real-time control of the grid.

Paraphrased Recommendation 5.2: Developments
in rapidly growing technologies, such as PV, wind,
EV, and energy storage, suggest a new paradigm
may be rapidly emerging which is more modular,
distributed and edge-intelligent, and which may be
able to compete with and outperform the existing
grid paradigm in terms of sustainability, reliability,
resilience, and affordability. .......

Ehergy

Additional findings and recommendations:

Decarbonize the U.S. economy, both by transitioning power
generation to low or zero-emission sources and by making
greater use of decarbonized electricity as a substitute for
fossil fuels in transportation, buildings and industry.

Grid stability challenges arising from high penetration of non-
dispatchable sources of generation, such as wind and solar,
need to be addressed.

Addressing nearly all of the fundamental challenges for the
grid of the future—from the integration of renewables to
deep decarbonization—requires innovation

The country’s investment in innovation is far below what is
needed to match the scale of the challenge and what’s
feasible - At least double public expenditure on innovation,
from states and mainly federal government
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NASEM Grid Report — Key Technology Recommendations S22 Distiriburied]

Clean Generation and Commercialization

= Develop generation, storage, and distributed energy technologies with no emissions.

= Government and Industry collaborate to develop, fund and de-risk new and critical
technologies essential to the future grid.

= Report also recommends tripling federal investment in RD&D

Communication, Automation, and Simulation
= Develop secure and reliable ICT technologies to support millions of grid connected devices.

Develop technologies to enable a high-level of automation in a flexible & resilient system.
Develop advanced inter-compatible simulation tools to analyze evolving grid architectures.
Explore the use of large field experiments for new grid architectures

Develop Workforce of the Future
= Fund training and retraining of the current and future workforce.
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* Achieving low-emissions has always been seen as a trade-off, with higher cost and poor reliability —
resulting in the disruption of the electricity system that has been at the heart of human progress

* The last 20 years has seen unprecedented and rapid change in the energy industry — at a time
when climate change (and related grid resiliency) has also become a pressing concern

* ‘Exponential’ technologies with rapidly decreasing prices, driven by forward-leaning incentives and
policies, have transformed the energy landscape — with renewables at grid parity in many places

* There is an opportunity to transform the system to a low-carbon system, that is also reliable,
resilient and affordable — requires fundamental rethinking, innovation, policies & investments

Thanks to NASEM staff and the committee that authored ‘The Future of Electric Power in the US’ NASEM report



