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Electric Power Research Institute and
National Renewable Energy Lab Study

= Funded by U.S. Department of Energy Office of Energy Efficiency and
Renewable Energy Wind Energy Technologies Office

— Results shown are draft results
= Motivation

— Increasing levels of renewable penetration (zero cost resources) pushes the
supply curve to the right, which can decrease spot market prices

— Operators must ensure adequate resources given a reliability need
= With lower prices, revenues for existing resources might decrease

— Alternative pricing methods can incorporate costs that currently are not
captured, thereby increasing transparency and reducing the need for uplift or
make-whole payments

= Objective

- Examine different pricing methods and assess prices, revenues, and profits
under different renewable penetrations and resource mix assumptions

www.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved.

marginal cost

marginal cost

n
»

rnal ™’

°
C 4

Les)

»
L

n
»

cumulative

\ 4

-l

capacity

P
“”

v

cumulative

capacity

EEEEEEEEEEEEE
EEEEEEEEEEEEEEEEE


http://www.epri.com/

Test System Characteristics

= Reliability Test System-GMLC = 8 scenarios using two pricing methods
- [g(lj_{EUSted” study SVStemSI h?ldda 803|1%f 2.4 h/LVSEE Traditional Pricing Alternative pricing
t t imat '
indust?;gsia,nzg%omma Sy S dayin 2o years Marginal Cost Marginal Cost +
No Load

— lterations between a capacity expansion model and
resource adequacy assessment model
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Assumptions / Model Simplifications

= No virtual bidders or players that do DA/RT arbitrage

= Renewables bid in at SO/MWh (no negative prices)

= Assume truthful bidding

= Revenue is a subset of all revenue collected from energy markets
= No large storage devices

= No operator action or out of market corrections
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DRAFT RESULTS

Results: Price Statistics

Mean Standard Quantity of Price Quantity of

(S/MWh) Deviation Spikes Zero Prices

Traditional 68.39 215.58 4.9% 44.4%
High Adjusted
Alternative 67.79 192.80 4.0% 25.8%
High Traditional 57.40 193.85 3.9% 45.1%
Unadjusted Alternative 59.24 174.30 3.2% 25.8%
: Traditional 34.56 87.08 0.8% 0.4%
Low Adjusted .
Alternative 43.09 80.98 0.7% 0%
Low Traditional 27.08 46.59 0.2% 0.3%
Unadjusted Alternative \ 35.19 ) 39.34 0.2% \ 0% )
Traditional Avg Alternative Avg B Traditional Mid B Alternative Mid
80 68.39  67.79
— 59.24
§ 60 57.4
= 43.09
S 40 34.56 o 35.19
3 35.62 [ 38-73 36.58 ' 33 65
0
High/Adjusted High/Unadjusted Low/Adjusted Low/Unadjusted
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High Renewable

Low Renewable

Price Duration Curves
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Unadjusted System
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Heat Maps

= Average real-time
prices for the high
renewable
penetration and
adjusted resource
mix scenario
(S/MWhs) by month
and hour
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Heat Maps

= Average real-time
prices for the low
renewable
penetration and
adjusted resource
mix scenario
(S/MWhs) by month
and hour
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DRAFT RESULTS

Sensitivity to scarcity price

= Scarcity price in results shown in prior statistics is S1000/MWh

120

Average Price ($/MWh)
N (@] (00) B
o o o o

N
o

m $500/MWh $750/MWh m $1000/MWh $1250/MWh m $1500/MWh = $2000/MWh
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Revenue and Uplift for Renewables

= Revenue is the sum of day-ahead (DA) and real-time (RT)
—~ DA Rev = (DA LMP)*(DA Dispatch)
— RT Rev = (RT LMP)*(RT Dispatch — DA Dispatch)
= RT based on the deviation, generators might need to buy back their
position
= Renewable revenue is calculated from the real-time dispatch

— Deviation between DA and RT forecast can occur due to forecast error or
being dispatched down by the operator

-~ Renewable generators do not buy back day-ahead position
= Profit is DA Revenue + RT Revenue + Uplift — RT Operating Costs
— Figures show annual profits per MW of installed capacity
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Results: Revenue & Cost Comparison

Adjusted System
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Unadjusted System

u CAPEX mTrad Revenue mTrad Uplift = Costs « Alt Revenue & Alt Uplift
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Annualized Profit ($/mw)

Annualized Profit ($Mvy)
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Annual Profits per MW

System Meeting RA Target
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Discussion

= For the simulated system, renewable penetration has a greater impact on pricing
than the adjusted resource mix

= Profits did not change significantly between the two pricing methods

— Change in profits per MW of installed capacity between the pricing methods ranges between
+52.2k/MW to -$3.6k/MW, representing 0.6% to 2.1% of average expenditure values

— Under high penetration, wind was able to surpass their capital expenditure

— Profits in these examples are highly dependent on choice of administratively set
shortage/scarcity pricing levels, and operating strategies

= Prices in the higher renewable penetration were higher than the low renewable
penetration for many cases
— Renewables can add uncertainty to markets

-~ Many periods of low to no cost prices are countered with very high peaks in the shoulder
hours

— Choice of scarcity price plays an important role in modeling
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Future Work

= Results are not direct predictions for future outcomes
— Beginnings of further research on pricing

= Assess other pricing methods
— Average Incremental Cost Pricing

— Dual Pricing Algorithm
— Simulations for multi-period pricing proposals (look-ahead settlement)

= Simulations for multiple build outs (resource mixes)
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Together...Shaping the Future of Electricity
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