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Agenda

Time-sensitive value of efficiency — why do we care?
Webinar housekeeping items

Five perspectives on time-sensitive value of efficiency

o U.S. Department of Energy Building Technologies Office — David
Nemtzow (10 minutes)

O Research from Berkeley Lab — Natalie Mims Frick (15 minutes)

O Research from University of California San Diego - Judd
Boomhower (15 minutes)

o Time-sensitive valuation in DSM planning in Arizona — Edward
Burgess (15 minutes)

O Time-sensitive valuation in California — Snuller Price (15
minutes)

Q&A — 15 minutes




Why do we care about TSV?

O Electric energy efficiency resources save energy and may
reduce peak demand.

o Historically, quantification of energy efficiency benefits has
largely focused on the economic value of energy savings during
the first year and lifetime of the installed measures. Less
emphasis has been placed on the larger grid system.

o There are many applications for time-sensitive energy efficiency
data (e.g., energy efficiency planning, distribution system
planning, integrated resource planning).

o Today we will discuss why we study and implement time-
varying efficiency values and how to operationalize time-
varying efficiency values.
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Webinar housekeeping items

* We're recording the webinar and will post it on our web site.

* Because of the large number of participants, everyone is in listen
mode only.

* Please use the chat box to send us your questions and comments
any time during the webinar. You may want to direct your question
to a specific author.

* The speakers will each have 10 or 15 minutes to present.

 Moderated Q&A will follow, with the report authors responding to
guestions typed in the chat box.

* The recording and webinar slides will be posted at

https://emp.lbl.gov/projects/time-value-efficiency
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Today’s Speakers (1)

David Nemtzow As Director of the US Department of Energy's Building Technologies Office
(BTO), David is responsible for leading this $200+ million per year office that helps develop
innovative, cost-effective energy efficiency R&D and other solutions for U.S. building
technologies, equipment, systems and whole buildings. During his time as BTO Director David
has made an office priority to promote not only "traditional" energy efficiency, but dynamic,
flexible and time-sensitive efficiency, load management and buildings-to-grid technologies.
Previously, he was an executive at Ice Energy (the distributed thermal energy storage
company), Director-General of the Department of Energy, Utilities & Sustainability for New
South Wales (Australia's most populous state) and served as President of the Alliance to Save
Energy (a Washington, D.C.-based association that promotes investment in energy efficiency.
He earned a master's degree from Harvard University in public policy and a bachelor's from
Brown University in environmental policy.

Natalie Mims Frick is an Energy Efficiency Program Manager in the Electricity Markets and
Policy Group at Lawrence Berkeley National Laboratory. Natalie conducts research and
manages projects on energy efficiency technical assistance, policy, program design,
implementation and evaluation. Prior to joining LBNL, Natalie was the principal at Mims
Consulting, LLC, where she served as an expert witness in demand-side management
regulatory proceedings across the country. Before starting her company, Ms. Frick was the
Energy Efficiency Director at the Southern Alliance for Clean Energy (SACE) and, prior to that,
a Senior Consultant at Rocky Mountain Institute. During her work at both of these non-profit
organizations she focused on regulatory issues pertaining to clean energy adoption, most
recently on planning, portfolio design and integrated resource planning for utility energy
efficiency programs.
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Today’s Speakers (2)

Judson Boomhower is an applied microeconomist who studies environmental and
energy economics and policy. He is currently an assistant professor in the Department of
Economics at the University of California, San Diego. His research covers a range of
topics and industries including electricity markets, oil and gas, energy efficiency, and the
economics of climate change. He received a PhD in Agricultural and Resource Economics
from the University of California, Berkeley. He earned his bachelor’s and master’s
degrees from Stanford.

Edward Burgess Ed helps to lead Strategen’s utility and government consulting practices.
He specializes in evaluation and design of policies and programs to advance deployment
distributed energy resources, demand-side management programs, energy storage and
grid integration of renewable energy. Ed has served clients in the renewable energy,
energy efficiency, and energy storage industries, including consumer advocates, public
interest organizations, Fortune 500 companies, energy project developers, trade
associations, utilities, government agencies, universities and foundations. His analysis
has given companies strategic insight into clean energy investment opportunities and
has helped to guide regulations and policies in many states across the country.

Snuller (Snu) Price has more than 20 years of experience supporting utilities and state
and federal government clients with energy policy and resource planning. He has
pursued a broad array of topics across the electricity sector, seeking large-scale, cost-
effective opportunities and contributing insights, methods, and tools to the field
throughout his career. Snu has helped develop standard methods that regulators widely
use to assess the cost-effectiveness of cogeneration, demand response, electric vehicles,
energy efficiency, and building standards. He has also managed economic evaluations of
net energy metering for behind-the-meter solar in many states.
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Please use the chat box to send us your
guestions and comments any time during
the webinar. You may want to direct your
guestion to a specific author. We’'ll address
as many questions as we can following the
presentation.

The recording and webinar slides will be
posted at https://emp.lbl.gov/projects/time-
value-efficiency
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Energy use Iin the U.S. building sector
Energy Use Building Electricity Use

13%

Transportation Residential 4% m Cooling
27 Quads 21 Quads 5% _
= Heating
72%
Electric Water Heating
10%
0.4% Lighting

Electric

Refrigerators

80% 40%
Electric = Cooking
11%
Electronics
Commercial

[ 31% 18 Quads 29 = Other Residential

Electric _ Appliances
10% = Other

Industrial
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3%

Buildings Energy Use: 40% of u.s. total
Buildings Electricity Consumption: 75% of u.s. total

Buildings Peak Electricity Demand: “80% of regional total
U.S. Building Energy Bill: $380 billion per year

Source: EIA 2017 Annual Energy Outlook
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Moving Towards the Grid of the Future

TODAY: ONE-WAY POWER SYSTEM EMERGING: THE ENERGY CLOUD

Central, One-Way Power Systems Distributed, Two-Way Power Flows

Energy Storage
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Flexible Building Loads

Provide options to Support all Optimize energy
Increase electricity generation options use based on
system reliability & resulting from grid customer
energy affordability modernization preferences

Respond to innovations in the energy economy
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Interactions with Building Occupants

* Interoperable, integrated
systems.

 Continuously optimized
operation for maximum
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Grid-interactive Efficient Buildings

(" . N ( . )
e Efficient end use * Intelligent
devices and building responsiveness to
design changes in value and
needs
. y,
Connected
4 ™
e Optimize building use e Two way
per occupant needs communication flow
. and grid signals ) L with grid signals )
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Impact on a Building’'s Energy Use

Solar PV Energy Efficiency, Demand Response, then Solar PV
30 Locad 30 mmOriginal Load
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BTO’s Grid-interactive Buildings portfolio

VALUE OF GEB

Key Question: How do time & the
interaction of flexibility options impact
value / improve affordability?

_____

Outcome: Identify values to
stakeholders, quantification of national
value.

TECHNOLOGY OPTIONS

Key Question: Which end use
technologies provide solutions to
specific grid needs?

5 MY

Outcome: Prioritize technologies /
solutions based on grid services.

OPTIMIZATION FOR GEB

Key Question: How to optimize for
flexibility while maintaining or improving
building operation /occupant comfort /

Outcome: Solutions that meet grid
operator & building occupant needs.

VALIDATION

Key Question: Do technologies perform
as predicted / meet grid operator &
building occupant needs?

® [

Outcome: Verification of technologies /
strategies, increasing confidence in the
value of energy flexibility.
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Not All Energy Efficiency is Equally Valuable

Resource Value (20165/MWh)

$150 -
$100
$50
SO T T T T 1

Exit Sign Residential Residential Residential Commercial
Water Central Lighting Lighting
Heating A/C

Time-varying value of energy efficiency savings by load shape

(Massachusetts case study, reflects publicly available data only)

Source: Time-Varying Value of Electric Energy Efficiency June 2017 N.Mims, T.Eckman & C.Goldman, LBNL, for BTO
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End use load profile modeling for US building stock
(BTO project w/NREL & LBNL, NEEA)

» End-use load/savings profiles are needed for:

v' TSV-EE analysis & implementation 20 Bndiges SOE ek E"'"""*
icomr Wikion Ay Congionr
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distribution system planning, state & local Botumhor
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planning & regulation Bl e SR
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ishwasher
ezer

v' widespread adoption of grid-interactive
efficient buildings

BFr
M Secondary Refrigerators
M Primary Refrigerator

o

> Existing profiles are often outdated, regionally
limited, based on small sample size, & limited
to subset of building stock

Average Demand (kW)

» Project will result in

v’ validated end-use load profiles for U.S. building

stock at both aggregate & individual bU|Id|ng Source: Navigant Massachusetts RES 1 Baseline Load
scales Shape Study

v’ calibrated building stock end use models with
ability to estimate EE/DR savings profiles for
existing & emerging technologies

v published load profile use cases, critical gaps,
model methodology, user guide

2 4 6 8
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Potential Benefits of Flexible Building Loads
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Questions ?

USDOE Buildings team includes:

David Nemtzow: david.nemtzow®@ee.doe.gov
Jack Mayernik: john.mayernik@nrel.gov

Monica Neukomm: monica.neukomm®@ee.doe.gov
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Time-varying value of efficiency

Natalie Mims Frick, Berkeley Lab
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Recent Time-Varying Va

ue Publications by LBNL

ELECTRICITY MARKETS & POLICY GROUP

BERKELEYLAB | . ccinicaL RIES

Bringing Scimnca Solstions 10 1he Workd
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Time-varying value of electric energy

efficiency

Authors:

Natalie Mims, Tom Eckman,'and Charles Goldman

*Consultant and Senior Advisor, Northwest Power and Conservation Council

Energy Analysis and Environmental Impacts Division
Lawrence Berkeley National Laboratory

Electricity Markets and Policy Group

June 2017
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This work was supported by the DOE Office of Energy Efficiency & Renewable Energy Building
Technologies Office under Lawrence Berkeley National Laboratory Contract No. DE-AC02-05CH11231.

BERKELEY LAB

June 2017 technical report supported by DOE’s
Office of Energy Efficiency and Renewable Energy
- Building Technologies Office
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TIME-VARYING VALUE OF ENERGY EFFICIENCY IN MICHIGAN:
NATALIE Mins, Tom ECKMAN AND Lisa SCHWARTZ,2 LAWRENCE BERKELEY NATIONAL LABORATORY

In December 2016, the Michigan Legislature passed new laws (SB 341 and 342) that require the Public Service
Commission (PSC) to create regulations for integrated resource planning (IRP) and determine the potential of
energy waste reduction resources to meet electricity needs. Following stakeholder engagement meetings, the
PSC requested technical assistance from Berkeley Lab to better understand how to account for the time-
varying value of electricity savings in IRP and demand-side management {DSM) planning in Michigan. Working
collaboratively with the PSC, Consumers Energy and DTE Energy, Berkeley Lab calculated the time-varying
value of electricity savings for five energy efficiency measures in the utilities’ service areas.

Quantifying the time-varying value of energy efficiency is necessary to properly account for all of its benefits
and costs and to identify and implement efficiency resources that contribute to a low-cost, reliable electric
system (Mims et al. 2017; Boomhower and Davis 2016). Historically, most quantification of the benefits of
efficiency have focused largely on the economic value of annual reductions in energy use. Due to the lack of
statistically representative, metered data on end-use load shapes in Michigan (i.e., the hourly or seasonal
timing of electricity savings), the ability to confidently characterize the time-varying value of energy efficiency
savings in the state, especially for weather-sensitive measures such as central air conditioning, is limited.

Based on our analysis of data from Consumers Energy and DTE Energy, we conclude that: (1) overall, the ratio
of the total utility system value of energy savings to their energy-related value in Michigan aligns with other
states with similar system load shapes; (2) end-use load shape research that is specific to Michigan would
enable more accurate analysis of the time-varying value of efficiency; (3) until such time that statistically
representative, metered data on end-use load shapes in Michigan are available, data from regions with similar
energy consumption characteristics should be considered for adoption (e.g., we used Pacific Northwest end-
use load shapes in our analysis because they are based on metered data and are very similar to the end-use
load shapes for some measures from the Electric Power Research Institute (EPRI) End Use Load Shape Library
that are applicable to Michigan); and (4) an investigation of all value streams for energy efficiency (e.g.,
avoided risk and air emissions values) in Michigan will help avoid undervaluing this resource.

Still, electric utilities in Michigan can take advantage of opportunities to incorporate the time-varying value of
efficiency into their planning. For example, end-use load research and hourly valuation of efficiency savings
can be used for a variety of electricity planning functions, including load forecasting, DSM, demand-side
evaluation, capacity planning, long-term resource planning, renewable energy integration, assessing potential
grid modernization investments, establishing rates and pricing, and customer service (KEMA 2012). In
addition, accurately calculating the time-varying value of efficiency may help energy efficiency program
administrators prioritize existing offerings, set incentive or rebate levels that reflect the full value of
efficiency. and desion new nroerams.

April 2018 technical brief supported by
DOE’s Office of Electricity — Transmission
Permitting and Technical Assistance
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Why study the time-varying value of efficiency savings?

Motivations

o Advance consideration of the value of efficiency measures during times of
peak electricity demand and high electricity prices

O Increase awareness of:

Available end-use load research and its application to time-varying
valuation of energy efficiency

Gaps in (and need for) research on energy savings shapes
Goals
o Calculate the time-varying value of efficiency for 5 regions

o Recommend methodology(ies) to appropriately value efficiency for meeting
peak demand

o Consider changes to efficiency valuation methodologies to address the
changing shape of net load (total electric demand in the system minus wind
and solar)
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Approach (1)

¢ Provide background for the studies by summarizing existing analyses
that quantify benefits of electric efficiency measures and programs
during peak demand and high electricity prices.

¢ Use publicly available avoided costs and end-use load shapes from
state or regional sources.

¢ Document time-varying energy and demand impacts of 5 measures in 5

locations:
Measures State/Region
O Exit sign (flat load shape) o Pacific Northwest
o Commercial lighting o California
O Residential lighting O Massachusetts
O Residential water heater O Georgia
O Residential air conditioning O Michigan
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Approach (2)

¢ One of the following methodologies was used for each region:

1. Apply hourly avoided costs to each measure load shape to calculate the
time-varying value of measure, or

2. Use seasonal system peaks, coincidence factors and diversity factors to

determine peak/off-peak savings and apply seasonal avoided costs to
savings.

¢ If hourly avoided costs and end-use load shapes were available, LBNL
used that data. Often, that data was not available and the second
methodology was used.




Annual System Load Shapes
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Massachusetts Time-Varying Value by Load Shape
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Results: Total Utility System Value of Savings

ComEared to Onlx Their Energy Value

3.5
3.0

H Flat/Uniform Across
2.5 All Hours

m Residential Water
Heating

B Residential Central
Air Conditioning

m Residential Lighting

m Commercial Lighting

Ratio of Time-Varying Value to Energy Value

Northwest California  Massachusetts Georgia CE/DTE - CE/DTE CE/DTE w/PNW
DSMore w/DSMore & Metered Data
Coincidence MEMD
Factors Coincidence
Factors

Notes: The flat load shape is an exit sign. Energy value includes: energy, risk, carbon dioxide emissions, avoided RPS and DRIPE, as
applicable if reported. Total time-varying value includes all energy values and capacity, transmission, distribution and spinning
reserves. Ratios are calculated by dividing total time-varying values by energy-only values.

~

ez = A
& :z.;_.ﬂ' /r\rl i
WL

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIvISION BERKELEY LAB




Why Accurate Load Shapes Matter (1)

Residential Central Air
Conditioning - Ml

Residential Lighting - M
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Why Accurate Load Shapes Matter (2)

DSMore* (modeled) and metered load shapes produce significantly

different values for annual energy savings.
100%

90%
80% DSMore Load Shape

70% Levelized Value of
Annual Energy

60% Savings = $75/MWh

50%

40% Metered Load

Shape Levelized
Value of Annual
Energy Savings =
S$56/MWh

30% -
20% -
10%

0%

Annual Average Daily Load Shape
Percent of Annual Peak Hourly Load

1 2 3 45 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24
M Metered m DSMore

*DSMore is a commercially available model that determines the hourly value of energy savings for their demand-side management
plans. See http://www.integralanalytics.com/products-and-services/dsm-planning-and-evaluation/dsmore.aspx.
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http://www.integralanalytics.com/products-and-services/dsm-planning-and-evaluation/dsmore.aspx

Why All Avoided Cost Values Matter

1 The time-varying value of energy efficiency measures varies across the locations studied because of
physical and operational characteristics of the utility system, the time periods that savings occur and
differences in the value and components of avoided cost considered.

1 Publicly available components of electric system costs avoided through energy efficiency are not uniform
across states and utilities. Inclusion or exclusion of these components and differences in their value affect
estimates of the time-varying value of efficiency.

$80

Georgla* Distribution
» 70
%o s Transmission
E 60
A T ? Generating Capacity
[T
o
Q § $50 m DRIPE
>
= & $40 .
> © m Avoided RPS
- 95
8 o $3O ] m Carbon Dioxide Emissions
o
20 - -
E s Risk
$1O - Reserves/Ancillary Services
$0 . Energy

Exit Sign Res. Hot Res. Air Res. Lighting Com. Lighting
Water Conditioning

* In Georgia, where publicly available data did not include avoided transmission and distribution system values, the time-varying value of
efficiency appears much lower for all measures evaluated. Avoided transmission and distribution costs are included in Georgia Power’s energy
efficiency planning, but are not a part of the publicly available PURPA avoided cost filing and therefore are not included here.
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Why Changing System Shapes Matter (1)

1 The increased use of distributed energy resources and the addition of major new electricity-

consuming end-uses are anticipated to significantly alter the load shape of many utility
systems in the future.

1 Data used to estimate the impact of energy efficiency measures on electric system peak

demands will need to be updated periodically to accurately reflect the value of savings as
system load shapes change.

2019 2024
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Avoided Cost
for climate

$400 $400
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an 12345678 9101112131415161718192021222324 12345678 9101112131415161718192021222324
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W Losses W Transmission
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https://docs.wixstatic.com/ugd/849f65_d1a2a83784ff41f5826babe0cdaf7568.pptx?dn=CAEECC_CostEffectiveness_Scheer.pptx

Why Changing System Shapes Matter (2)

Duck Curve with Peak-Oriented Energy Efficiency Measures
4,000

3,500

3,000

2,500

; 2,000 | _ —

1,500

1,000
=== Post Strategy Total Load Original Total Load

500

memm=_Post Strategy Net Load Original Net Load

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours

Target efficiency for steep ramping period — for example, LEDs
Source: Teaching the Duck to Fly (2016)
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https://www.raponline.org/wp-content/uploads/2016/05/rap-lazar-teachingtheduck2-2016-feb-2.pdf

Why Savings Shapes Matter (1)

& Definitions:

o End-use load shape: Hourly consumption of an end-use (e.g.,
residential lighting, commercial HVAC) over the course of one year

o Energy savings shape: The difference between the hourly use of
electricity in the baseline condition and the hourly use after installing
the energy efficiency measure (e.g., the difference between the hourly
consumption of an electric resistance water heater and a heat pump
water heater) over the course of one year

¢ The time pattern of savings from the substitution of a more efficient
technology does not always mimic the underlying end-use.




Why Savings Shapes Matter (3)

1.00

- Water Heater - Natural Gas/Fuel Oil
Water Heater - Heat Pump
= Water Heater - Electric

Winter peak day water heating
load shapes in Massachusetts

Source: Navigant Massachusetts Residential
Baseline Study (2018)

Average Demand (kW)
o
(o]
o

Pacific Northwest Winter Day
Winter peak day i
water heating :
load and savings
Pacific Northwest _
_Ewh 2 Heat Pump Water Heater LoadShape =~ =====Heat Pump Water Heater Savings Shape =~ e=====Water Heating Load Shape :,,, "h|
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The Value of Electricity Varies Enormously

Generation Supply Curve
CAISO: 2016
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Negative Prices

SP15 Day-Ahead Prices
Second Sunday in April
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These features of electricity markets are well known, yet the vast majority of
analyses of energy-efficiency policies ignore this variation.
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Spending on Subsidy Programs is Large and Growing

Annual electric and natural gas energy efficiency program spending

» Electricity programs ~ » Natural gas programs
$5.0
$3.0
$2.0
SiITII
AThEE

1993 1996 1997 1998 1999 2000 2003 2004 2006 2007 2008 2009 2010 2011 2012 2013 2014
Source: ACEEE

Program spending (billion $)
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Research Questions

@ When does energy efficiency save electricity?

@ Are savings correlated with wholesale electricity prices?
@ Are savings correlated with capacity values?

@ How much does accounting for timing matter?

@ How much does the timing premium vary across investments?
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Smart Meter Data

Advanced Metering Infrastructure (AMI)

2007 2,202,222
2008 4100244
2009 8712207
2010 18,369,908
2011 33453548
2012 38524 639
2013 47,321,005
2014 51,710,725
2015 57,107,785

Source: EIA
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Paper Overview

@ We focus on an air conditioner program in California.

@ We use smart-meter data to measure energy savings by hour-of-day
and month-of-year.

@ We find that savings tend to occur when the value of electricity is
high, especially after accounting for capacity market prices.

@ Accounting for timing increases the private value of savings by about
40% relative to the naive calculation

@ We use engineering estimates to calculate timing premiums for a
range of other investments.
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Related Literature

e Energy Efficiency Program Evaluations
(Boomhower and Davis, 2014; Dauvis et al., 2014; Houde and Aldy,
Forthcoming; Fowlie et al., 2015; Novan and Smith, 2016; Allcott and
Greenstone, 2015)

@ Location and Energy Efficiency
(Callaway et al., 2015)

e Capacity Markets for Electricity
(Bushnell, 2005; Cramton and Stoft, 2005; Joskow, 2006; Joskow and
Tirole, 2007; Alcott, 2013)

@ Real-Time Electricity Pricing
(Borenstein, 2005; Borenstein and Holland, 2005; Holland and
Mansur, 2006)
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Our Empirical Application

@ Southern California Edison's Quality Installation Program
@ Provides rebates to households who install an energy-efficient CAC

e $500 to $1,100 depending on climate zone and AC unit

J EDISON AC Quality Homeowners Contractors Contact Us

0Mmecwners b ‘ |

Quality Installation Program (Ql)

Get up to $1,100* in rebates

¢ o8 A

More eff ncy means Vith our Qualty Installat aram. you can lower yvour

electnc bill, improve the air quality in your home, and make s your A ‘wl"'F vorking order
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Hourly Smart Meter Data

Bakersfibld o 6,000 participants
@ 150,000 non-participants
Wl ‘ (sampled randomly)
(-
ot “' A e 9-digit zip code
.Y e @ Hourly consumption,

2012 - 2015

500

400
300
200
" MEXICO

Nl\mbef o Adoplers \ San{Diego
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Empirical Strategy

Yint = 0 + ﬁl[New Air Conditioner] it + Yihm + Wht + €it

Vit Average consumption by household i in hour-of-day h during week-of-sample t
Yihm  Household by hour-of-day by month-of-year fixed effects
Wh Week-of-sample by hour-of-day fixed effects

We measure the change in electricity consumption before and after installation.
In our main results we allow 3 to vary by hour-of-day and month-of-year.

Our event study design relies on variation in timing of installation.

Some specifications use non-participants as a comparison group.

Detailed household and time fixed effects included throughout.

13
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Hourly Electricity Consumption (KWh)
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Average Annual Energy Savings

Other Investments and Conclusion 000

(2) (3)

Energy Savings Per Household (kWh/year) 375.3 358.0 436.3
(32.2) (32.2) (36.0)
Household by hour-of-day by month-of-year fixed effects Y Y Y
Week-of-sample by hour-of-day fixed effects Y
Week-of-sample by hour-of-day by climate zone fixed effects Y Y
Drop 8 weeks pre-installation Y
Number of observations 2866 M 286 M 273 M
Number of households 5,973 5,973 5,972

Notes: Dependent variable in all regressions is average hourly electricity consumption measured at the household by
week-of-sample by hour-of-day level. Standard errors are clustered by nine-digit zip code.
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Electricity Savings by Hour-of-Day

o

-2 -1

1

Hourly Electricity Consumption (KWh)
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I I 1 |
1 am 4 am 8 am Noon 4 pm 8 pm Midnight
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Comparing to Engineering Predictions

Estimated Savings Profile Engineering Predictions

19
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We Now Turn to Valuing Savings

We collect hourly wholesale electricity prices.
We also collect monthly and annual prices from U.S. capacity markets.

We assign capacity payments to the highest demand hours of the year.

21
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Correlation Between Savings and Energy Prices
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Average Value ($/MWh)
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The “Timing Premium” is About 40%

Energy Prices Energy Plus Capacity Prices,
Only Various Assumptions

Capacity Capacity Capacity Capacity

Value in  Value in  Value in Value
Top3% Top 6%  Top 9% Allocated
of Hours of Hours of Hours Probabilistically
(1) (2) (3) (4) (5)
Average Value ($/MWh)
(A) Accounting for Timing $45.09 $69.78 $70.60 $69.92 $69.87
(B) Not Accounting for Timing $40.31 $51.06 $51.01 $50.96 $51.03
Timing Premium (4:%) 12% 37% 38% 37% 37%

29
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How Might This Premium Change in the Future?

Timing Premiums For 2024

Energy Prices Only Energy Plus Capacity Prices
30% 50%

Note: We used forecast prices from from Denholm et al. (2015).

30
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Residential Lighting
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Commercal and Industnal Chilers

Commercial and Indusirial Lighting

Commercial and Indusinal Heat Pump

Commercial and Industnal Ar Conditioning

32
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Timing Premiums for Selected Investments

California Texas Mid-Atlantic New York
(CAISO) (ERCOT) (PJM) (NYISO)

A. Residential
Air Conditioning 37% 39% 17% 14%
Lighting 3% -5% -2% -1%
Clothes Washers 2% 2% 4% 7%
Heat Pump -1% -1% -4% -5%
Refrigerator or Freezer -1% -5% -5% -3%

B. Commercial and Industrial

Heat Pump 32% 31% 18% 17%
Chillers 27% 26% 14% 15%
Air Conditioners 25% 24% 14% 15%
Lighting 3% 0% 1% 4%

33
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Conclusion

Timing matters for energy efficiency

Air conditioning has a significant “timing premium”

Critical to incorporate capacity values in these calculations
Overall, a remarkably wide range of value across investments

Range likely to grow even wider as we add more renewables to grid

Time to move discussion away from total savings toward total value

34
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Strategen provides insight to global corporations,
utilities and public sector leaders, helping them to
develop impactful and sustainable clean energy

strategies
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Today'’s Topics

= Energy market trends in the Southwestern U.S.

= Recently proposed changes to utility demand-side
management (DSM) programs in the region

= Analysis of implications for current and future
DSM cost-effectiveness
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Solar PV deployment in California and Arizona

mAZ mCA

14,000
12,000
10,000
8,000
6,000
4,000
2,000

MW

2012 2013 2014 2015 2016

Source: EIA-860 https://www.eia.gov/electricity/data/state/existcapacity _annual.xls
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https://www.eia.gov/electricity/data/state/existcapacity_annual.xls

A day in the life of the California Independent System
Operator (CAISO) in April

04/28/2018 ~ Net demand trend Data ~

30,000
25,000
20,000 .. m\[\

. -

b= \
15,000

Avg. ramp

10,000 ~12,318MWin 3 hrs.
5,000

0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 22 23 24

- Hour ahead forecast ® Demand @ Net demand
(5 min. avg.)

Source: California ISO, http://www.caiso.com/TodaysOutlook/Pages/default.aspx
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http://www.caiso.com/TodaysOutlook/Pages/default.aspx

A day in the life of the California ISO (in July)

07/25/2018 ~ Net demand trend Data ~

50,000
45,000

40,000

35,000

M

30,000

Avg. ramp

25,000
~6,609MW in 3 hrs.

20,000
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 138 19 20 21 22 23 24
-®- Hour ahead forecast @ Demand @ Net demand
(5 min. avg.)

Source: California ISO, http://www.caiso.com/TodaysOutlook/Pages/default.aspx
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Western wholesale markets are evolving

= Western utilities already have significant "
exposure to California market prices. c?,;“f}gh{ ~
:t uget Soun
= Many western utilities now participate in the Portand & : |
Western Energy Imbalance Market (real-time Elcric e pl’b
only). s
= Fewer bilateral transactions are occurring at *

favor of ISO market participation.

traditional trading hubs (e.g. Palo Verde) in Bswqql aciiCe '\

= CAISO is exploring expanded day-ahead market  cdifornia
offerings for non-CA utilities. 150

Los Angeles

Dept. o Market operator

California ISO
EIM entity
I Adive participants
-e [ Planned EIM entry 2019
[l Plonned EIM entry 2020

Image source:
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Negative Prices at Many Large Trading Hubs
Are Rare, but Increasing in Some with VRE il

BERKELEY LAB

CAISO unique in high frequency of negative prices; VRE does appear

to play a role, but not exclusively, in driving these events

Percentage of Annual Prices that are below $0/MWh

9% 18%
- . . = Negative Price Frequency RT 16%
: : mmmm Negative Price Frequency DA
7% o i . -+ @ VRE Penetration 4%
e ‘
g 6% . : . 12% §
8 5% : o ° 10% E
& o e
L% o° ° 8% &
g e ’ P E
3% - o 6%
2 o o®
2% o o & a%
6
1% §°° | o® | I r 2%
o
0% I I lusn. l | ] I,‘- 0%
- o o ‘ I
g g g g g g g | |
~ ~ ~ i~ I
CAISO ERCOT SPP MISO PIM NYISO ISO-NE
(SP15) (North) (OKGE/South Hub) | (Cinergy/Indiana) (Western) (Zone G) (Mass)

Focuses on selected major trading hubs; negative prices almost non-
existent in day-ahead market (though lower average real-time prices

may also lower average day-ahead prices)

16
Source: Wiser, R. et al. 2017. “Impacts of Variable Renewable Energy on Bulk Power System Assets, Pricing, and Costs.” Lawrence Berkeley National Lab, Energy
Markets and Policy Group. https://emp.Ibl.gov/publications/impacts-variable-renewable-energy
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Negative clearing prices now exist in the CAISO day-
ahead market

Figure 1: Day-Ahead (IFM) LAP LMP and Cleared Bid-In Demand

120 35
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—PGAE =——SCE =——SDGE ——VEA ——Cleared Bid-In Demand (GW)

Source: CAISO Weekly Market Performance Report, http://www.caiso.com/Documents/WeeklyMarketPerformanceReport_Apri8 2018 May01 2018.pdf
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Arizona Public Service 2018 DSM Plan
(proposed)

Figure 3 - April 2017 Hourly Market Prices and Example DSM Savings Load Shape : Contlr_lumg to _promOte
EE savings during the
oo i middle of the day, when
14,000 $10000 prices are shown as
3580 below, can actually harm
- $80.00 . oy =
o customers by limiting
‘ 560.00 the ability to take
3 o o advantage of negative
6000 | pricing.”
- | swoo |« V3 new opportunity
now exists within DSM
2,000 E § e ) .
181 I I I i to strategically build load
- 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 15 20 21 22 23 M R In the mlddle Ofthe day
Howr of Day through load shifting,
e Lacge Existing W New Construction  wmmm Schools  meem Small Business  —— ELAP_AZPS April 2017 Average vehicle eIeCtriﬁcation,
and reverse demand
response.”

Source: APS Proposed 2018 Demand Side Management Implementation Plan, http://images.edocket.azcc.gov/docketpdf/0000182484.pdf
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http://images.edocket.azcc.gov/docketpdf/0000182484.pdf

Arizona Public Service 2017 Integrated Resource Plan

DSM Savings in APS' Proposed Resource Plan
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Source: Arizona Public Service, 2017 Integrated Resource Plan. Arizona Corporation Commission Docket No. E-00000V-15-0094.
http://images.edocket.azcc.gov/docketpdf/0000178832.pdf
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APS Hourly Load and System Peak

June 20, 2017: New Peak Demand Record

Planning Area Load Curve
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Hours: 1/1/2017 - 12/31/2017

Arizona Public Service Company

Source: S&P Global
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What is the value of Energy Efficiency (EE) now and
going forward?

Reduced Increased
Value of Value of
EE EE

Savings Savings
During the During Peak
“Duck Belly” Load Hours

Low/Negativ Increasing
e Energy Peak
Prices Demand
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Analytical Approach

LLru_rea ora v

Hourly Day Ahead

LMP (Price/Value) |
1/1/2017 0:00 31.03
1/1/2017 1:00 31.04
1/1/2017 2:00 30.79
1/1/2017 3:00 30.73
1/1/2017 4:00 29.90
1/1/2017 5:00 31.68
1/1/2017 6:00 3359
1/1/2017 7:00 32.98

1/1/2017 8:00 28.02
1/1/2017 9:08 2

8760 Hourly
Market Prices

e Hourly average of

RT EIM market data
for APS load area for
2017

e Forecasted hourly
prices for APS

sal  Commercial Commercial Industrial

AC

50832
50832
94274
40107
32443
53176
40129

91375 (

27301
78829
75572
42501

?119

Lighting

Cooling Internal

0.013887266 0.233818325
0.013887266 0.233818325
0.013289402  0.23645474
0.013466922 0.2456072
0.015480577 0.284028619
0.020491683 0.368463128
0.02962 0 501720

8760 Hourl

Machine
Drives

0.787884461
0.787884461
0.798269427
0.788832583
0.786186387
0.808957393

Load Shapes

¢ Individual measures

constructed from
EPRI Load Shape
Library
» APS Aggregated
DSM Portfolio Load

Re

-~ A A

5 | L
APS High DSM

Year Portfolio Savings

2017 S 29.95

yliyy 1ime-weighted

Avoided Energy
Costs

e $/MWh

Caveat: This analysis focuses on wholesale Energy value on/y. EE measures can yield many additional value streams, including avoided Capacity costs,
avoided Transmission and Distribution system costs, and avoided Environmental costs that were not assessed here.
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Recent Real-Time Market Prices for APS

Interval Locational Marginal Prices for ELAP-AZPS Node (hourly
average)

80.00
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—Mar-17
30.00

$/MWh

s Sep-17
20.00

10.00

0.00
1 2 3 45 6 7 8 9 101112 13 16 17 18 19 20 21 22 23 24
-10.00

-20.00

Source: CAISO OASIS http://oasis.caiso.com/mrioasis/logon.do
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DSM Measure Load Shapes

Off-Peak Season Load Shapes (WSCC/CNV

Region)
- Comm. Lighting
(Internal)
3 Res. Cooling
=
5 Res. Water Heating
Q.
e
8 Ind. Machine Drives
~
<
g Comm. Cooling
@
a Comm. Refrigeration
1357 911131517192123  ====- Typical Solar PV
Output (Phoenix)
Hour

Source: Electric Power Research Institute (EPRI). 2018. £PRI Load Shape Library. http://loadshape.epri.com/enduse,
National Renewable Energy Laboratory (NREL), 2018. System Advisor Model. https://sam.nrel.gov/
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Forecasted Day-Ahead (Hourly) Market Prices

= Includes anticipated effects of California’s 50% RPS (by 2030)

Typical Day Per Month
$80.00 -

$60.00 -

$40.00 -

$/MWH

$20.00 - u

Jan Feb Ma ApM VIaU Jun Jul Aug Sep Oct Nov Dec

$(20.00)

—2017 —2025

Source: Arizona Public Service, 2017 Integrated Resource Plan. Arizona Corporation Commission Docket No. E-00000V-15-0094.
http://images.edocket.azcc.gov/docketpdf/0000178832.pdf
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Results

Time-weighted (hourly) avoided wholesale energy costs

$50.00
$45.00
$40.00
$35.00
§ $30.00
S $25.00
o $520.00
$15.00
$10.00 I
$5.00
J ]
APS High DSM  Residential Commercial Commercial Industrial -  Commercial  Residential
Portfolio Cooling Cooling Lighting Machine Refrigeration Water Heating
Savings (Internal) Drives
2017 (actual RT prices) B 2025 (forecast DA prices)
2027 (forecast DA prices) s ) 030 (forecast DA prices)

) (016 Average DSM Portfolio Cost (lifetime)
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Conclusions

= Increased renewable penetration (especially solar PV) introduces a new time
dimension to the value of EE savings.

= The marginal value of EE savings is affected by increased solar PV penetration.
These effects have been limited to date, but are growing quickly in some
regions.

= A full annual and multi-year perspective is needed to evaluate the total impact
of solar PV on EE measure/portfolio value (i.e. to avoid cherry-picking data).

= Time-weighted analyses of EE measure values will be increasingly important
going forward as RE penetration increases.

= Existing DSM portfolios appear robust even in high PV areas, but may need to
be adjusted over time to reflect changing grid needs.

= More robust data on EE measure load shapes and projected wholesale prices
(i.e. 8760 hourly resolution, regionally specific) will be helpful for improving
DSM program evaluation going forward.
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@ Update on TSV in California

California has been using hourly estimates of value and
benefits for nearly 20 years in its evaluation of buildings.

History
e Where has California used time-specific values?

e Why have we taken on the additional complexity?

Future

e What are the emerging aspects of TSV in evaluation?

Take-away message. Using TSV you can decompose the value of
the grid by hour, and provide much better estimates of building
measures and of dynamic features.
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@ California Building Energy Code

+ Development of Time-Dependent Values (TDV) for
the California Energy Commission began in 1999,
adopted and implemented in the building code for
construction beginning in 2006

+ Why?

e In new construction there are many different building
designs and features that affect energy use.

e TDV gives the CEC a metric on overall energy cost that
gives architects flexibility in building design and prioritizes
reductions at times when most valuable.

o Initial focus of TDV was on providing signals to significantly
increase the air conditioning loads in buildings, through
higher rated equipment and better building shell.
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California PUC Energy Efficiencfy

Program Cost-effectiveness

+ Development of the Avoided Cost Calculator (ACC) for
use in the evaluation of the California’s energy
efficiency programs, now expanded to all distributed
energy resources (e.g. DR, storage, EVs). Adopted by
the CPUC in 2004, now updated annually.

+ Why?

e There was a surge of effort to reduce peak loads in response to
the California electricity crisis including a particular focus and
significant increase in energy efficiency spending

e The ACC was developed to appropriately value capacity,
including both generation and distribution across a wide set of
potential energy efficiency and now DR, storage, EV, other DERs
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Example of the impact of using

specific avoided costs

Implication of Time-of-Use on Avoided Costs

= $0.14
S

=  $0.12
S

‘S $0.10
2 —

o = $0.08
& =

§ & $0.06
<L

= $0.04
(<}

= $0.02
K=

é $— T T

Air Conditioning Outdoor Lighting Refrigeration

O Hourly O TOU Average O Annual Average

Example from California Avoided Cost Analysis — circa 2004
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‘ Components of the ACC

Generation _
Estimate of hourly wholesale value of energy
Energy

Generation The costs of building hew generation capacity to meet system peak

Capacity loads, allocated to top LOLP hours

. ) The marginal costs of providing system operations and reserves for
Ancillary Services o _ -
electricity grid reliability

The costs of expanding transmission and distribution capacity to

T&D Capacity

meet peak loads

LTS P L« o143 o[}l The cost of Cap and Trade allowance permits for carbon dioxide

(cap and trade) emissions associated with the marginal generating resource

The cost of reduced GHG emissions on the supply side including

GHG adder least cost renewable portfolio, storage, and integration less the cap

and trade amount
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@ Generation Capacity Value by H

+ In today’s system (2020), summer peak net loads drive loss of load
probability

+ Probability of insufficient generation by hour and month

Weekday Weekend

1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0

Solar has 5 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0
. 6 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0

been drIVIng 7 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0
net peak later 8 0 0 0 0 0 0 LM4E14 0 8.18E17 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0
. 9 0 0 0 0 0 0 24812 0 7.52613 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0
in the day 10 0 0 0 0 0 0 5.66E-11 5.956-15 1.07E-12 0 0 0 10 0 0 0 0 0 0 9.45E-15 0 163E-16 0 0 0
1 0 0 0 0 0 0 19609 9.19E-13 123E-09 0 0 0 1 0 0 0 0 0 0 468611 0 594611 0 0 0

12 0 0 0 0 0 232615 127606 412610 1.29E-07 0 0 0 12 0 0 0 0 0 0 7.06E-07 0 6.ME-08 0 0 0

13 0 0 0 0 0 33E13 126605 L97E-06 4.89E-06 0 0 0 13 0 0 0 0 0 0 254E-06 7.22E-18 2.98E-06 0 0 0

14 0 0 0 0 0 173610 8.21E-05 0.000149 0.000178 3.83E-17 0 0 14 0 0 0 0 0 6.39E-18 3.06E-07 73E12 3.4E06 0 0 0

15 0 0 0 0 236E-14 144E-08 0.001125 0.007563 0005466 3.11E-11 0 0 15 0 0 0 0 0 43E15 49E06 7.2E-08 0.000126 0 0 0

16 0 0 0 0 9.1E13 9.16E-07 0.004592 0.021677 0017763 9.16E-09 0 0 16 0 0 0 0 0 171612 176605 1.89E-06 0.000501 0 0 0

17 0 0 0 0 8.18E-10 L66E-06 0.006291 0.022581 0.018713 0.000149 0 0 17 0 0 0 0 212618 9.79E-12 653E-05 4.32E-06 000085 3.67E-10 0 0

13 [N AN 0 0 0 587610 2.76E-05 0.009768 0.036938 9.59E-05 3.59E-13 3.31E-08 BTl 531614 0 0 0 0 5.24E-10 0000102 1.44E-05 0.074815 2.986-10 111E-14 3.14E-14

19 0 0 0 0 1.52E-07 0.000647 0038944 0.118919 0.000265 0 11E10 19 0 0 0 0 299E-13 LOIE-07 0.013717 3.9£-05) 0104481 1.57E-09 0 0

20 0 0 0 0 113E-06 0.000566 0.041596 0.069837 0.034631 8.2E-07 0 345611 20 0 0 0 0 949E-12 6.82E-08 0.019146 5.55E-05 0.042522 185E-12 0 0

21 0 0 0 0 3.86E-11 2.65€-07 0.000873 0.000904 0.000288 0 0 47320 2 0 0 0 0 0 3.48E-12 0.000948 1.04E-07 7.58E-06 0 0 0

2 0 0 0 0 0 0 3.76E-09 8.92E-10 182E-08 0 0 0 2 0 0 0 0 0 0 1.28E-07 0 85SE12 0 0 0

23 0 0 0 0 0 0 0 0 0 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0
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2050 Stressful Reliability

Conditions in a SB100 Scenario

co 00

+ In today’s system (2020), summer peak loads drive loss of load
probability

+ In 2050’s system, an abundance of solar + storage reduces the
probability of reliability conditions during the summer peak and shifts
loss of load probability to low renewable production hours i.e. night
and winter

Hour of Day
i 2| 3| 4 5 6/ 7/ 8 9 10({ 11| 12| 13| 14| 15 16| 17 18| 19| 20| 21| 22| 23| 2«

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

- 2020 Base Case 2050 Base Case
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@ Distribution Capacity by Hour

{ 7 rcse @

\ atmap o BA Local T&D Co ota ea 0 0
{ { Individual v Hour of the Year (hour starting PST)
4 SCE ‘ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
‘ e JanfO 0 O O O O O O 0 O o o o o o o o o o o o o o o
Feb|] O 0 0o 0o O O O O O O o o o o o o o o o o o o o o
‘ P . SDG&E O Marfl o o0 o o o o 0 O O O O O O O 1 1 1 0 O 0 0O O 0 O
\ ° . AprfO O O O O O O O 0 O 0 1 1 1 1 1 1 1 1 0301 0 O O
( .~' May 0 o0 o o o o o0 O O O 1 1 2 2 2 3 2 2 2 1 0401 0 O
® JunfO O O O O O O O O 1 2 2 3 3 3 3 8] 3 2 18 13 08 04 0.1
. e - Ju 03 01 0 0 0 0 0 O 1 1 2 3 3 3 24 18 13 08 05
\ . Aug(04 02 0 O O O O O 1 1 2 3 3 3 24 18 13 09 0.6
\;; . Sep{03 02 0 0O O O 0 O 1 1 2 3 3 3 3 22 16 12 038 06
. ‘ . Oct|01 0 0 O O O O O O O 1 2 2 3 3 3 3 2 2 12 08 05 03 0.1
Y . Novf O O O O O O O O O O 0o 0 O 1 1 1 1 0 0 O 0o o0 o0 o
Decif 0 0 0O O O O O O O O o o0 O o o o o O O O O 0O o0 o

Heatmap of DER average hourly output (not adjusted for losses or dependability)
Hour of the Year (hour starting PST)

L] 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
\ Jan| o o o o 0o 0 0 733 292 694 890 1103 1157 1199 1103 80 213 0 0O 0O 0O 0O 0 0
L\ Feb| o o o o 0o 0 0 871 451 815 1046 1249 1248 1241 897 728 554 421 0 0 O 0O 0 O

3 Marl o o o 0 0 0 201 370 926 1452 1717 1883 1946 1897 1636 1354 845 185 0 0O O 0 0 0
Apr{ o o 0 0 0 074 167 599 1126 1510 1794 1969 2094 2013 1791 1356 902 445 129 0 0O 0 0 0O
Mayy o o o 0 0 388 308 817 1311 1722 2061 2146 2125 1864 1479 958 530 789 0 0O 0 0 O
Junf o o o 0 0 511 289 705 1146 1572 1876 1989 1617 1109 603 235 042 0O 0O 0 0
Jul o o 0o 0 0 281 222 591 1145 1654 2090 1991 1651 1161 633 236 021 O O 0 O
Aug| o 0o 0 0 0 224 156 552 1000 1556 1990 2007 1581 1058 483 205 0 0 0 0 O
Sepf o o 0o 0 0 0 909 494 972 1351 1834 2129 2097 1807 1365 822 188 013 0 0 0 0 O
Octf o o o o o 0 183 372 883 1353 1730 1882 1898 1823 1478 1025 403 131 0 0 0 0O 0 O
Novf o o o o0 o0 0 0 162 593 941 1144 1351 1325 1221 971 647 702 0 O O O O 0 O
Decl] o o 0o o0 0 0 0 25 373 677 919 1088 1158 1104 778 549 828 0 0 0 0 0 0 0

Distribution ‘Hot Spots’ Cutputfrom.LNBA Tadl
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California Marginal Emissions R

+ E3 is working with California state agencies to
develop hourly marginal emissions rates

o California Energy Commission, Air Resources Board, California
Public Utilities Commission

+ Approaches vary, and there is quite a bit of research
on the topic of estimating lifecycle GHG emissions

Short-Run Marginal GHG (CZ16; tons/MWAh)
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@ Battery Storage Example

+ 1 MW 4-hour battery with 85% round trip efficiency

e Historical 2016 SP15 DA CAISO prices
e With RA call at hour 16 and 17

Charge more to
prepare for the RA call

Storage Daily Dispatch Chart for 7/28

4,000 RA Call 120
~ ~
y - -~
3,000 ~ %0 Battery SOC
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2,0 60
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\ £ mmmCharge
>
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(2,000) -60
(3,000) -90
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the day
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Questions?

Please use the chat box to send us
your questions and comments. You
may want to direct your question to a
specific author.

The report and webinar slides are
posted at
https://emp.lbl.gov/projects/time-
value-efficiency




