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LCOE is a commonly used metric to assess

generation technologies
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Sources: https://api.misoenergy.org/MISORTWD/Impcontourmap.html (left image); http://www.energyonline.com/Data/GenericData.aspx?Datald=4&ERCOT ___Real-time_Price (right image)
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What is Power System Value?

Bulk Power System Value has two different interpretations (in a competitive market):

"  Marginal economic value: Incremental (system) cost savings from adding one MWh of wind power

= Flectricity Price: Specific revenue (S/MWh) that an investor earns from selling the output on power
markets (e.qg., “wind-weighted” electricity price)
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Source: Hirth, Ueckerdt and Edenhofer (2015); Hirth (2013)

Wind value is impacted by the technology’s properties and the
heterogenous commodity characteristics of electricity

Profile Costs: Variable wind supply
- Electricity price differs between hours

Balancing Costs: Uncertain wind supply
—> Electricity price differs between contract and delivery time

Grid-related Costs: Locational transmission constraints
—> Electricity price differs between locations
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Alternative System Value and Profitability Metrics

Levelized Value  Value / Energy S/MWh U.S. Energy Information Administration (EIA)
of Electricity Levelized Avoided Cost (EIA)
Net Value of (Value-Cost)/Energy S/MWh International Energy Agency (IEA)
Electricity Value-Adjusted LCOE (IEA)
Net Value of (Value-Cost)/Capacity $/kw-yr  Lawrence Berkley National Laboratory (LBNL)
Capacity Marginal Economic Value (Factor)
System LCOE (Cost — Value)/Energy + Benchmark Price? S/MWh Bloomberg New Energy Finance (BNEF)
Realized Power Prices

System f(Value/Cost) Unitless National Renewable Energy Laboratory (NREL)
Profitability Value/Cost (Benefit-cost ratio) System Profitability

Value/Cost — 1 (Return on investment) Hirth (2013)

1 — Cost/Value (System Profit Margin) Syt Vallus (Beacion)

@ Various benchmark prices have been suggested in the literature, including the annual average of hourly marginal electricity prices or an average price in a no-renewables
system (e.g., “flat-block” power).
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Alternative System Value and Profitability Metrics
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How Can These Metrics Inform Wind Systems

Engineering?

Commonly Used
=  Max(Energy Production)

=  Min(Mass)
= Min(LCOE)
= [Etc.

Are these feasible?
= Max(System value) = f(cost, energy value, capacity value, ancillary services value, etc.)
=  Max(Tax incentives) = f(capacity factor, curtailment, O&M strategy, etc.)

= Etc.
Trade-offs
= Validity

One metric not inherently better than another,
depends on purpose and data availability

=  Robustness

=  Comprehensiveness
= Simplicity

= Data availability NREL | 6



An Application of Alternative System Value Metrics

to Specific Power Considerations

= Lower Specific Power (Low Wind Speed) Turbines:
o Produce at Lower Wind speed (i.e., Higher Annual Full Load Hours)
o Less Volatile Production

= Does this production profile coincide with favorable electricity market prices?
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An Application of Alternative System Value Metrics

to Specific Power Considerations

= |f revenue is higher, what are the cost trade-offs?
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= How does uncertainty (in energy production, electricity prices, costs) play into this
evaluation?
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Can Wind Power Provide Grid Services in a Future

Power System?

Wind Technology
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