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IBERIAN PENINSULA WENT DARK
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RENEWABLES HAVE BEEN RISING

Share of Electricity Generation per Energy Source in Spain (%)
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https://ember-energy.org/data/electricity-data-explorer/

SOLAR AND WIND LEAD
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RENEWABLES ARE GROWING GLOBALLY

Share of increase in global electricity generation (%)
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RENEWABLES ALONE ARE NOT ENOUGH

Technologies for
a Net-Zero Grid




RENEWABLES ALONE ARE NOT ENOUGH

Variety of Generation
Tapping into a variety of
sources of generation
to improve reliability

Long-Duration Energy
Storage

The ability to store
electricity for days, weeks,
or even months at a time

Technologies for
a Net-Zero Grid

Demand Flexibility
Leveraging flexibility to
reduce peak load
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UTILITIES INNOVATION PRIORITIES
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WHAT TO EXPECT

0] | Characteristics of renewables with use-cases

02 | Analysis of economics and reliability

03 | Outlook
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RENEWABLES CAN PROVIDE
CONTINUOUS POWER
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SOLAR AND WIND ARE INTERMITTENT
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INTERMITTENCY BRINGS CHALLENGES

Typical Spring Day
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RELIABILITY REQUIRES OVERSIZING
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https://www.newswire.ca/news-releases/masdar-raises-usd1-billion-through-second-green-bond-to-fund-new-global-renewables-projects-882080198.html
https://www.renew.com/hybrid-energy

HOW DO THESE RENEWABLES
COMPARE?
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WHAT TO EXPECT

0] | Characteristics of renewables with use-cases
02 | Analysis of economics and reliability

03 | Outlook
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POWER-GENERATION OPTIONS




ANALYSIS - CALCULATING LCOE
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REGIONS CONSIDERED
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ECONOMICS OF CONTINUOUS POWER

10 MW to 10 GW - Norway 10 MW to 10 GW - Saudi
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ASSESSING INTERMITTENT RELIABILITY

Reliability: Percentage of load served




SOLAR RELIABILITY BY REGION

Norway Saudi Arabia
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Storage capacity (multiples of load)
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SOLAR RELIABILITY COSTS A PREMIUM

Minimum LCOE to Achieve a Certain Reliability
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WIND REQUIRES MUCH LESS OVERSIZING

Norway Saudi Arabia

Wind Capacity (multiple of load) Wind Capacity (multiple of load)
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WIND’S PREMIUM IS NOT AS HIGH

Minimum LCOE to Achieve a Certain Reliability
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OFFSHORE WIND SHINES IN NORWAY

Norway Saudi Arabia
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OFFSHORE WIND RELIABILITY COSTS
MORE IN SAUDI ARABIA

Minimum LCOE to Achieve a Certain Reliability
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WIND PERFORMS WELL IN NORWAY

S
3
p3
<
a)
0
2
Ll
(@)
)
-

} © LUX RESEARCH, INC. Allrights reserved. | Lux Proprietary and Confidential




CHEAP GAS WINS IN SAUDI ARABIA
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Research it gL

In chasing reliability, intermittent
renewables may lose their cost
edge
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WHAT TO EXPECT

0] | Characteristics of renewables with use-cases

02 | Analysis of economics and reliability

03 | Outlook
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INTERMITTENTS
NEED EXTERNAL
STABILITY

Firming raises solar and wind
LCOE to premium levels

Best used as low-cost
complements

Need investment in grid inertia
and demand flexibility
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LONG-
DURATION
STORAGE

Batteries boost reliability but add
cost

8-h systems emerging, still Li-ion
based (2%x4 h)

New tech better suited for 10-12-
h needs
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CARBON CAPTURE TECHNOLOGY

Segmented by capture medium and desorption mechanism

 Amine solvent  Energy Consumption
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CARBON CAPTURE TECHNOLOGY

Segmented by capture medium and desorption mechanism

* Solvent

*Sorbent
Membrane
* Cryogenic

* Electroswing
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DISPATCHABLES
FOR THE LONG
HAUL

High capex but competitive
LCOE for large projects with high
reliability requirements

Galning traction with more
projects amid data center boom

Delays persist, but long-term
potential is strong
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ABOUT LUX
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Our mission is to advise leaders about commercially viable
science and technology to enable sustainable innovation. We
deliver research and advisory services to inspire, illuminate, and
ignite innovative thinking that reshapes and grows businesses.
Using quality data derived from primary research, fact-based
analysis, and opinions that challenge traditional thinking, our
experts focus on finding truly disruptive innovations that are
also realistic and make good business sense.
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The “Lux Take” is trusted by innovation leaders around the
world, many of whom seek our advice directly before placing a
bet on a startup or partner— our clients rely on Lux insights to
make decisions that generate fantastic business outcomes. We
pride ourselves on taking a rigorous, scientific approach to
avoid the hype and generate unique perspectives and insights
that innovation leaders can't live without.
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