What resources are needed for a 1009

Other resources beside
the last few percent to a 100% renewal

analysis shows there are multiple pathways to achieve the goal in which the
benefits exceed the costs. o G

How can we produce renewable electricity for the last 10%?

Biomass-based generationcould be another option to produce renewable electricity for the last 10%. This

option has relatively low capital cost,but there are uncertainties and constraints on a steady and sustainable
feedstock supply and the cost of biomass conversion. 3. Nuclear and Fossil with Carbon Capture

How much will decarbonizing the power grid cost by 20357

Decarbonizing the power grid by 2035 could total $330 billion to $740 billionin additional power system
costs,depending on restrictions on new transmission and other infrastructure development. However,there is
substantial reduction in petroleum use in transportation and natural gas in buildings and industry by 2035.

Is low-cost storage the key to renewable electricity?

According to Yet-Ming Chiang,a materials science and engineering professor at MIT,'low-cost storage is the
key to enabling renewable electricity to compete with fossil fuel generated electricity on a cost basis'. But the
guestion remains,exactly how low?

Are renewables displacing more efficient generators?

In going from 20% RE to the reference scenario,thermal units with lower efficiency or higher costs have
already been pushed out of the system,so increasing the penetration beyond that 57% penetration level

means renewables are displacing more efficientor lower cost generators,some of which have not yet been
paid off.
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Solar energy with its global average 12-h-cycle is
the best suited renewable energy source for daily
energy storage [50]. TSPP therefore integrate a
high temperature thermal energy storage (TES)
based on molten-salt two tank technology at
maximum 560 ?C with around 12 h of full load
capacity capable of buffering surplus solar and grid
power on

support reaching 100% clean electricity. A recent
assessment by the National Renewable Energy
Laboratory found that these two laws could drive
rapidly increasing levels of clean electricity
generation, potentially reaching over 80% clean by
2030 [6], consistent with other analyses showing
significant increases in clean electricity
[7,8,9,10,11,12].

Senate Bill (SB) 100 established a landmark policy
requiring renewable energy and zero-carbon
resources supply 100 percent of electric retail sales
by 2045. It requires the California Energy
Commission, California Public Utilities Commission,
and California Air Resources Board to submit a
report to the Legislature every four years.

2/11 Web: https://www.gebroedersducaat.nl



REACHIGN 100 RENEWABLES SOLAR
WITH ENERGY STORAGE

.l]
=
m -
= I §
——

|
|

oul

(C) 2025 Solar Energy Resources

Yet despite record growth, renewable energy
installations need to ramp up even faster. Analyses
of achieving 100% carbon-free electricity by 2035,
what's needed to achieve U.S. greenhouse gas
reduction targets, indicate that annual installation
rates of renewables in coming years need to nearly
double the rates seen in 2023.. Electric vehicle
sales set new records in ???

The three-year study, titled Los Angeles 100%
Renewable Energy Study. (LA100), was done by
the National Renewable Energy Laboratory (NREL)
for the Los Angeles Department of Water and
Power (LADWP), the country's largest municipal
utility.. NREL researchers combined economic,
energy, and public health models to produce more
than 100 million ???

Prof Jacobson, an expert in renewable energy and
climatology, describes how this paper, along with
many other studies, make up a "body of work,
carried out by over 85 authors and 35
peer-reviewers, [which] is further supported by an
additional 30 peer-reviewed studies that find it is
possible to match demand with supply with 100
percent or near
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R — levels of renewable energy from variable renewable
energy (VRE) sources without new energy storage
resources. 2. There is no rule-of-thumb for how
much battery storage is needed to integrate high
levels of renewable energy. Instead, the appropriate
amount of grid-scale battery storage depends on
system-specific characteristics, including:

Clean Energy 100% Renewable Energy Needs Lots
of Storage. This Polar Vortex Test Showed How
Much. Energy analysts used power demand data
from the Midwest's January deep freeze and wind
and solar

% clean electricity by 2035 under accelerated
demand electrification; Reduce economywide,
energy-related emissions by 62% in 2035 relative to
2005 levels???a steppingstone to economywide
decarbonization by 2050.
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Notably, incremental abatement costs from 99% to
100% reach $930/ton, driven primarily by the need
for firm renewable capacity???resources that can
provide energy during periods of lower wind and
solar generation, ???

Why is renewable energy important? Clean power
generation is front-and-centre of the UK's strategy
to reach net zero by 2050, with the government
setting energy providers a target for all electricity to
come from 100% zero-carbon generation by 2035.

Storage renewable energy in large-scale
rechargeable batteries allows energy to be used
much more efficiently, i.e. dispatch in peak demand
and storage during times of low demand. In
addition, batteries generally respond faster than
most of other energy storage devices and could be
settled in a range of areas for various uses.
[12?72?15].
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Battery electricity storage is a key technology in the
world's transition to a sustainable energy system.
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E

Battery systems can support a wide range of

services needed for the transition, from providing
frequency response, reserve capacity, black-start
capability and other grid services, to storing power
in electric vehicles, upgrading mini-grids and
supporting "self-consumption" of

A series of 37 new renewable energy projects ??7?
26 to be located in the U.S. ??? announced by
Amazon on Wednesday will expand the capacity of
the company's clean energy portfolio by nearly a
third.

Table 2 shows that the wind power capacity needed
to reach 100% renewable energy is within the range
(18,672 MW?7?7?24,288 MW). A conservative
estimate would be 25,000 MW. The energy storage
function of hydro reservoirs can balance intermittent
wind power and demand. As the water storage in
the reservoir depends on water inflow, season
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1.3 Literature review: State of 100% renewable
energy system research for Japan. This section
presents a brief literature review on the state of
research for 100% RE systems in Japan as shown
in Table 1. The literature review includes only
peer-reviewed articles, with focus on Japan specific
country research, or analysed in regional or global

Energy storage's role in reaching 100% renewables.
Published in PV Tech Power Volume 17. December
6, 2018. By Andy Colthorpe This year's Solar Power
International trade show dedicated what seemed

like almost as much space to energy storage as
solar. As Andy Colthorpe reports, this is likely a
strong indication of the way the world is

< We"ve made a commitment to purchase 100%
renewable energy for our operations and to date
we'"ve made great strides towards that goal. Last
month we announced 842 MW of new renewable
energy purchases in the US, Sweden, and Chile
which boosts our overall purchasing to over 2 GW of
renewable energy capacity. This has the same
carbon impact as

(C) 2025 Solar Energy Resources 7111 Web: https://www.gebroedersducaat.nl



REACHIGN 100 RENEWABLES SOLAR
WITH ENERGY STORAGE

"We now have 310 wind and solar projects across
19 countries, and are working hard to reach our goal
of powering 100% of our business on renewable

L energy by 2025 ??? five years ahead of our original
e target of 2030." Amazon also continues to invest in
renewable energy projects paired with energy
S storage.
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Today's clean energy technologies can take the
U.S. "to about 90% emissions reductions because
of reduced costs and our maturing understanding of
renewables and storage," said Paul Denholm

, Amazon has embarked on various projects to
support renewable energy across the globe. These
include substantial investments in solar and wind
projects, as well as exploring other carbon-free
energy sources like nuclear and battery storage.
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Advisory Group. LADWP convened the first meeting
- of the 100% Renewable Energy Advisory Group in
@ June to launch this multi-year effort. The Advisory

Group will play an essential role in helping to guide
the 100% Renewable Energy Study, providing input
and feedback based on the expertise, knowledge

and resources of the organizations, institutions
and/or constituent groups ???

Governor Hochul announced a new framework for
the State to achieve a nation-leading six gigawatts
of energy storage by 2030, renewable energy and
—— delivering it where and when it is needed is one of
the most critical challenges we must overcome
including 70 percent renewable energy generation
by 2030, and to reach economy wide carbon
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We simulate pathways for achieving up to 100%

renewable energy (RE) electric power systems for
the contiguous United States. Under base
conditions, the least-cost buildout has RE
penetration
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Air Cooling
Energy Storage System

Research from LUT University and 14 additional
leading international universities suggest that the
new system would be based largely on solar and
wind energy, energy storage, sector coupling, and
direct and indirect electrification of almost all energy
demand. An energy system that is 100% based on

renewables has emerged to become scientific
mainstream.

How would storing renewable energy help to reach
net zero? Unlike fossil fuels, renewable energy
creates clean power without producing greenhouse
gases (GHGSs) as a waste product. By storing and
using renewable energy, the system as a whole can
rely less on energy sourced from the more
greenhouse-gas emitting fuels like coal, natural gas
or oil.

???100% carbon neutrality by 2050 ???Clean
Energy and Job's Act ???Renewable Portfolio
Standard of 50% by 2030, 60% by 2035 ???Energy
Storage standard of 2,500 MW by 2030
?7?7?%$30,000,000 budget allocation through Governor
Whitmer's Public Act 119 of 2023 to award
renewable energy with $5,000 per megawatt (MW)
Renewable Energy Portfolio Standard

(C) 2025 Solar Energy Resources 10/11 Web: https://www.gebroedersducaat.nl



REACHIGN 100 RENEWABLES

SOLAR

WITH ENERGY STORAGE

Power Conversion
System

B European
Warehouse

= e

—f

l

b
sl

I

(C) 2025 Solar Energy Resources

LADWP wants 80% renewable energy and 97%
carbon-free power by 2030. It also wants to become
100% carbon free by 2035. As of calendar year
2019, renewable energy constituted 34% of the

overall mix and 51% of the total power generated at
??7?

Research from LUT University and 14 additional
leading international universities suggest that the
new system would be based largely on solar and
wind energy, energy storage, sector coupling, and
direct and indirect ???

Governor Hochul announced a new framework for
the State to achieve a nation-leading six gigawatts
of energy storage by 2030, renewable energy and
delivering it where and when it is needed is one of
the most critical ???
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