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Research Questions

wWhat is the longrun economic value of PV generation at
Increasing levels of penetration?

wWhat Is the relative magnitude of different components
of the value of PV generation?

wHow does the longun value of PV change depending on
the availability of flexible resources (e.g. more flexible
generation, storage, RTP)?

Focus on impact of variable generation on wholesale powe
markets

Does not include: environmental externalities, transmission



Motivation: Renewable Procurement
Decisions
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Framework for Estimating the Relative
Economic Attractiveness of Renewables
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Motivation and Approach

Economic value factors into renewable energy procurement: \
A WREZ:
Bus-bar Cost + Transmission Cost T Market Value = Adjusted Delivered Cost
($/MWh)
A CA RETI:

Bus-bar Cost + Transmission Cost i Market Value = Ranking Cost ($/MWh)
A CA Least-Cost, Best-Fit:

Contract Price + Transmission Adders i Benefits = Net Cost ($/MWh)

A Economic value of PV and mitigation strategies are not well-known
xﬁt high penetrations /

A Develop a long-run economic framework to evaluate
value of PV and mitigation strategies at high penetration




Long Run Investment Framework

PRICES
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Long Run Investment Framework

(+)

e

PRICES

SHORRUN PROFIT

A Hourly prices for
day-ahead using
forecasts, reatime
with actual

A Minimum generation
A Ramping constraints
A Operating reserves

(_

A Compare to value of

A Dayahead annual flat block of power
schedules + A Decompose value
i : Components
with reaktime
deviations INVESTMENT

Test with price
elastic demand

"~ (real-time

pricing)

RESOURCES

A Annualized
fixed cost of:
A Coal
A Nuclear
A CCGTs
A CTs
A Storage

A Vary fixed cost
of storage

L A Testmore

flexible CCGT

(e.g. faster

ramp rate)

A 2030 Loads

A Incumbent
generation

—(+)

A Add increasing wind,

PV, or CSP

A Use all existing gen. or
retire after technical life
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Data and Assumptions

A Resources:
- Focus on California, 2030 hourly loads (2004 load shapes)
- Solar PV and wind hourly actual and day-ahead forecast from WWSIS (2004 shapes)
- Incumbent generation: retirement after technical life of 30 yr for CT/CCGT, 50 yr steam, 60 yr nuclear

A Prices:

- Simplified commitment and dispatch based on 19 thermal plant vintages: linear on-line constraints
rather than integer commitment.; forecasts are deterministic (not stochastic)

A CSP commitment and dispatch is similar simplification of approach used by Sioshansi and Denholm (2010)
- Hourly energy prices for day-ahead (DA) based on forecasts, real-time (RT) based on actual
- Hourly ancillary services prices for regulation, spinning and non-spinning reserves
- Reserve quantities based on rules-of-thumb developed in the WWSIS

- AiEnergy onlyo market, meani ng t hsaarcityprcgsancenergy ¢C O
market rather than side capacity payment

A Short-run profits:

- Revenues based on DA schedule at DA prices, deviations at RT prices, and ancillary services
costs/revenues

- Net market value of solar PV reflects the marginal economic value of adding an additional unit of
energy with the same production profile
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Short-Run Profit of New CCGT for
Candidate Investment Decisions
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With PV: Nameplate Capacity of
Generation and Energy Production

Nameplate Capacity: Increasing Single-Axis PV
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With Wind: Nameplate Capacity of
Generation and Energy Production

Nameplate Capacity: Increasing Wind Energy: Increasing Wind
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