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Goal of electricity markets:
Reliable electricity at least cost

Short-run

efficiency

Least-cost

operation of
existing resources

Long-run
efficiency

-

- J

Right quantity
and mix of
resources

~




Challenges of

electricity markets

Must balance supply and demand at
every instant

Physical constraints of network and
resources

Shocks in supply

— Transmission line or generator
outage

— Intermittent resources: wind and
solar

Absence of demand response

Climate policy



* Get the spot market right
— Day ahead

* Scheduling and unit

commitment
A successful market !

— Real time

design

* Bid-based security constrained
economic dispatch

* Forward trade to manage risk and
support long-run investment
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(Mevolve

HOME

Find out if Evolve is in your area:

Save with Evolve

You pay $10 per month plus
the wholesale cost of
electricity, that's it.

HOW TO
SAVE MONEY

ENTER YOUR ZIPCODE:

76574

Evolve Energy is
available in your area!

CLICK HERE TO SIGN UP NOW

| Lé;":; |
One Plan, No Contracts

Your first month membership is
free, plus no termination fees.

PAY-AS-YOU-
GO PRICING

100% Renewable

Reduce your carbon footprint
without doing anything
differently.

REDUCE YOUR
CARBON USE

HOW IT WORKS  APP  CARBON SAVINGS BLOG ESPANOL JOIN Texa S ( E RCOT) °
.

S10/month plus
wholesale cost
of 9 cents/kWh

cents
real time price | 3.8
delivery 3.7

taxes & fees 1.4

wholesale cost | 8.9
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SDG' California ISO:
—E S16/month + about 36 cents/kWh

“QS} sempraknergy vty 400% more than Texas!

EV-TOU-5, a plan for your home and electric vehicle: This new plan is similar to EV-TOU-2
but the On-Peak and Off-Peak pricing is reduced by one cent kW/h and the Super Off-
Peak rate is reduced to just 9¢ kW/h when you pay a Basic Monthly Service Fee of $16.
Super Off-Peak hours are midnight to 6 am weekdays, and midnight to 2 pm on weekends
and holidays.

SDGE EV Time of Use Plans (cents/kWh)
Peak Off peak  Super off peak
Hours 16-21 6-15, 22-23 0-5
Winter 26 25 9
Summer 50 29 9 12
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Che San Diego

Unton-Cribune

Rich free-ride on poor thanks to net metering

TWO CRUCIAL FLAWS FUEL OUR
UNSUSTAINABLE ENERGY MARKET

BY PETER CRAMTON

Rolling outages may appear to be a symptom of
climate change. Extreme heat and intermittent re-
newables certainly challenge electricity markets. But
these challenges can be met with good market design.
The California market has flaws that make California
electricity more expensive and less reliable than it
should be. Fixing these flaws should be a priority.

This spring I moved to California. With delight, I
replaced our two gas cars with a single electric vehi-
cle. Iresearched electricity rates for our home in San
Diego and found EV-TOU-5 was our best plan: $16 a
month plus a per-kilowatt-hour charge that depends
on the time of use — 50¢ from 4 to 9 p.m., 9¢ from
midnight to 6 a.m., and 29¢ at other times. This is best
because I can schedule our car to charge after mid-
night. We pay about 36 cents per kilowatt-hour for our
electricity, ignoring the car.

Suppose instead we had moved to Texas — as
many Californians are doing. Texas has retail choice
soIwould see a long list of choices. My best plan
would be an innovative plan offered by two providers:
$10/month plus the wholesale cost, which averages
less than 9 eents per kilowatt-hour. I would charge my
car at night when the cost is below 9 cents, but for the
rest of my electricity I would pay 9 cents.

My monthly bill in Texas would be $250; in Cali-
fornia, it is $1,000. This is a remarkable difference. Is
this because the California energy is green, and the
Texas energy is dirty? Just the opposite: the 9 cents
price in Texas is 100% green energy; the 36 cents price
in California is fueled partly from gas. The main
sources of the difference are two poor decisions of a
well-intentioned regulator.

First, the substantial fixed cost of delivering reli-
able electricity is allocated through a per-kilowatt-
hour charge. To make matters worse, California fol-
lows a net-metering policy: If you put solar panels on
your roof, all the electricity you produce is subtracted
before the per-kilowatt charge is applied to your
consumption. Thanks to abundant sunshine, this
means that homes with solar panels can largely avoid
the fixed cost of providing electricity service.

Unfortunately, these costs must be paid, so the
utility raises the per-kilowatt-hour price. The solar
customers free ride on everyone else. This would not
be so bad if solar-panel owners were primarily poor.
However, the oppositeis true. It is the rich who have
an advantage in installing high-fixed-cost solar pan-

els. This seemingly green policy transfers wealth
from the poorto therich. Further it harmsthe ineen-
tives for electrification, which is an essential element
ofthe climate solution.

The second flaw is the absence of retail choice.
Innovative and competitive rate plans are unavail-
able to consumers. In San Diego, my choices are
limited to those offered by the monopoly utility.
Fortunately, San Diego Gas & Electric offers one
plan that works reasonably well, but the planin
Texas is superior: $10 a month plus the wholesale
cost without markup. This plan exposes me to the
real-time price swings needed to balance supply and
demand.

Thatis a good thing. It means I am motivated to
take advantage of these swings and purchase readily
available devices, such as smart thermostats. Ican
use a free AT-powered app to manage both my spend
and my comfort. The price variation provides an
opportunity for me to save money during heat waves.
Iamrewarded for providing the flexibility the system
needs.

These two flaws create an electricity market that
is unsustainable. Each problem reinforces the other
and both get worse as the transition to green energy
progresses. This gives me confidence the regulator
will fix these problems.

The first flaw is easy to fix. Allocate the fixed cost.
of providing reliable electricity based on home or
rental value (Zillow has an accurate model). Home
value is highly correlated with the ability and willing-
ness to pay. This is an efficient and just way to allo-
catefixed costs.

The second flaw is addressed by requiringthe
monopoly utility to offer a “310/month + wholesale
cost” plan.

Who could object to adding one new plan to the
menu? Consumers still select the plan they prefer.
Why not give them an option of a plan well-suited to
the energy transition?

California illustrates that good intentions do not
necessarily produce good policy. Good poliey is de-
signed from what we know about markets and hu-
man behavior. Good policy is the only way to provide
reliable electricity at least cost.

Cramton is a professor of economics at the University of Cologne
and the University of Maryland and an independent board member
of ERCOT, the electricity operator in Texas. The views here are his

own and not those of ERCOT or ERCOT's board. He lives in Del Mar.
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I Load and Generation Changes

Load Generation

Load growth (2020-2025) from

2019 Regional Transmission Existing thermal units older Planned generators that meet

Plan (RTP) cases than 40 years Planning Guide Section 6.9 (1)
8.8 GW 18.0 GW i 19.7 GW
B e O =
| HE l HE
1 [
S
o
@ 100 MW or less 0 500 MW or less O 500 MW or less
E 101 MW to 500 MW ® 501 MW to 1,000 MW B 501 MW to 1,000 MW
B more than 500 MW B more than 1,000 MW ® more than 1,000 MW

Existing thermal unit capacities are from the Final Summer 2020 SARA report and planned generation 14
ﬂrf‘nf C~ capacities are from the June 2020 GIS report. http://www.ercot.com/gridinfo/resource




Power sector CO2 emissions
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Peaker Net Margin ($/MW)
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Technology

Coal

Nuclear

ERCOT Interconnection Queue (August 2020)

Joshua D. Rhodas, PhD | IdeaSmiths LLC | @joshdrB3

| Total MW capacity for which a Full Interconnect Study (FIS) has been started or completed, and an Interconnection Agreement has been executed.
Total MW capacity for which an FIS is either pending or completed and reviewed by ERCOT.
B Total MW capacity for which a Screening Study is underway or completed.

O~ — gy —

I | I I | 1

10 20 30 40 50 60 70
Capacity (GW)
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2020 Planned (Summer Capacity MW) EIA, Mar 2020

United States
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2020 Retiring (Summer Capacity MW) EIA, Mar 2020 United States




Summer Capacity MW, EIA, Mar 2020

Wind
105,919

United States

Mar 2020 MW
Total 1,102,084
Planned | 39,034
Retiring | 4,316
43,350

Change
3.9%

Coal
225,799




Technical Conference regarding Carbon Pricing

in Organized Wholesale Electricity Markets

30 September 2020

CLIMATE
FERC takes 'landmark action' on carbon pricing

Jeremy Dillon and Arianna Skibell, E&E News reporters - Published: Thursday, October 15, 2020
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How does transition depend on market rules and policy?

Long run model
Not steady state

Must model energy market

22



The model

Entry and exit based on forward looking, rational investors

Each resource has anticipated cash flows for life of plant
Capacity payments (if any)
Energy and reserve revenues
Less fixed and variable costs

Most uneconomic resources exit; most economic resources enter

Approximate equilibrium found where expectations are consistent

23



Must model energy market

Energy revenues depend critically on resource structure

Some resources are substitutes, some are complements

Even with a fixed resource structure, energy rents are hard to compute
Day-ahead market is a large mixed-integer program (MIP)
Determines schedule and prices (financially binding)
Intraday is done every hour to reschedule (for planning)

Real time is economic dispatch every 5 minutes

Many days in the year

24



Entry and exit is a long run decision

Life of plant is 15 to 40 years or more

State space is infinite dimensional
Resource structure
Market rules and parameters
Climate policy
Extent of price responsive demand
Evolution of technologies

Fuel prices

25



Simplifying assumptions

Transmission constraints do not bind
Bids and offers for energy and capacity are competitive

Exception: hockey-stick offers when resource is near its upper limit

26



Climate policy

Investors anticipate carbon price path over life of plant

27



Energy Market
Proxy

=

Capacity Market
Model

A

SN

Energy Market
Model

Net Load Forecast
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Load Forecast
Model

Forecast net load hourly
Load (traditional)
minus production from non-responsive resources:

Solar
Onshore wind
Offshore wind
Forecasts for 36.5, 35.5,...,0.5 hours ahead

Realized net load in five-minute intervals

29



Energy Market
Model

For a fixed resource structure, get net load forecast

Run energy market for 120 days (one week per month)
Energy and reserves co-optimized both day ahead and real time
Day ahead unit commitment for scheduling and day-ahead pricing
Intraday MIP to adjust schedule
Real time economic dispatch for real time prices and quantities
Settlement

Key output: Energy rents (energy + reserves profits) for each type of resource
(a point in our “truth table”)

30
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States’ preferences and projections

400K

300K

ICAP (MW)
N
5]
3
=~

100K

oK

Scenario: Increase renewable by
15 GW/year starting in

12035

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100 2105 2110 2115

Net load, annual statistics

-200K

-400K

Annual load statistics (MW)

-600K

MPeak
oK - —

90-th percentile

Median

Daily net load quickly goes negative B S

Minimum

2019 2024 2029 2034 2039 2044 2049 2054 2059 2064 2069 2074 2079 2084 2089 2094 2099 2104 2109 2114

Intraday fluctuation J uly 2060

150K

100K

Load and ICAP (MW)

0K

100K

Net load (MW)

-50K

AL R

-But hourly peak is still 100 GW
.with 450 GW of renewable capacity

Load Profile Id
0

Additional solar ICAP per year
5,000

Additional offshore ICAP per ..

5,000

Additional onshore ICAP per ..
5,000

Year
2060

Month
July

32



Load Profile Id

States’ preferences and projections o

400K
Onshore

Scenario: Increase renewable by
15 GW/year starting in 2035

200K .

Additional solar ICAP per year
5,000

Additional offshore ICAP per ..
5,000

ICAP (MW)

Additional onshore ICAP per ..
5,000
100K

oK P —

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100 2105 2110 2115

2035

Net load, annual statistics

o
=

Daily net load quickly goes negative s

Minimum

IS
s}
=}
=

Annual load statistics (MW)
I
S
e
=

-600K

2019 2024 2029 2034 2039 2044 2049 2054 2059 2064 2069 2074 2079 2084 2089 2094 2099 2104 2109 2114

Intraday.fluctuation April 20 60 \;}aﬁr0

g =g
_ Butnetload is always substantially
= = negative in shoulder months

100K |



Storage

Batteries are fundamentally different

Marginal cost (benefit) is opportunity cost (benefit)

Opportunity cost depends on price expectations and capabilities
Approach

Day ahead: directly model battery characteristics and schedule optimally

Real time: optimally dispatch based on linear program
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Price responsive demand

Portion of load is traditional
Portion of load is price responsive
Constant elasticity (a 1% increase in price, decreases quantity by 0.1%)

Demand curve for price responsive demand explicitly modeled in MIPs and LPs
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Energy Market
Proxy

Reduce list of units to almost sufficient statistics to describe resource
structure
From truth table (actual energy market rents), econometrically estimate
Energy rents for each resource type
Energy rents for each unit

Periodically call energy market model to compute exact energy rents
Update parameter estimates using expanded truth table
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Capacity Market
Model

Simulate for years 2019 to 2113
Form expectations up to 50 years ahead
Run capacity market (if any)
Find capacity price where supply and demand intersect
Alternate exit (most uneconomic) and entry (most economic)
Run energy market for delivery year (to expand truth table on equil path)

Update expectations (continue until expectations are consistent)
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Resource types (15)

Coal, combustion turbine, combined cycle (with and without carbon capture)
Nuclear, Next-Gen Nuclear (2030 on)

Hydro

Onshore Wind, Offshore Wind

Solar

Battery Storage (1, 2, 4, 8-hour duration)
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Other calibration factors

Initial list of units and characteristics

Operating costs, variable costs, fixed costs, fuel prices, dispatch characteristics
Efficiency of renewables

Initial capacity values (updated with exponential smoothing based on performance)
Financial parameters (discount rate)

Demand parameters

Fuel prices and carbon price

39



Scenarios

Market rules (capacity market with and without minimum offer price floor, energy-only
market, other)

Rate of technical progress (CT, CC, next-gen nuclear renewables)
Fuel prices (low, medium, high)
Carbon price (none, low-end 2°C, low-end 1.5°C, twice that)

Price response demand (none, annual growth 1 percentage point, twice that)
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Pace of transition

P Market efficiency
-
o Cost to load
F <

Reliability
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