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KEY POINTS FOR DECISION MAKERS

Planning wind- and solar-based
electricity systems with more years
of weather data can increase system
reliability. More reliable systems, planned
with more years of data, cost more and
generally have increased asset capacities.

If a system is designed to operate at
100% reliability over a large number of
years, the marginal cost of marginal lost
load avoided becomes very high. Therefore,
it is important to consider trade-offs between
system reliability and system cost when
planning electricity systems.

If it is impractical to design a system
based on a large number of years, then
there are specific years that should be
considered in system design. Certain
particular years can act as a “stress test” on the
system. If the system functions well in these
“stress test” years, it is likely to perform well in

other years.
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Planning highly reliable wind- and solar-
based electricity systems requires more
years of weather data than is now the norm

Ensuring that electricity supply reliably meets demand is more
challenging for wind- and solar-based electricity systems than for

fossil-fuel-based ones.

We investigated how the number of years of weather data affects
reliability in out-of-sample years, when designing least-cost systems

that rely on wind, solar, and energy storage.

We found that nearly 40 years of weather data are required to plan
highly reliable systems that experience zero lost load over a decade.
In comparison, this same degree of reliability could be attained with
15 years of weather data, when adding dispatchable generation
(natural gas) to supply up to 5% of electricity demand.

For all modeled scenarios it becomes increasingly costly to avoid

lost load in out-of-sample years as the number of planning years for
100% reliable systems increases. The marginal cost of avoiding lost
load increased as more years, and thus more weather variability, were
considered for planning 100% reliable systems. This cost can vary by
a factor of 10 for systems that rely on different technologies.

Summary

When considering the potential costs associated with unmet
electricity demand, trade-offs of system costs and system reliability

should be considered in the planning process.

Certain years may be particularly valuable to “stress test” systems.
These years vary depending on the modeled technologies and
geography. We identified 1989, 1996, and 2010, as “stress test” years
for designing highly-reliable wind- and solar-based electricity
systems with storage and natural gas over the contiguous U.S.
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Effects of using more years of weather data to plan. Using more

years of weather data during planning of solar- and wind-based systems

decreases lost load (i.e. unmet demand, a), but also increases the cost

of the least-cost electricity system (b) such that the marginal benefits of

planning with more years of data diminishes (c).
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