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Notes to Accompany Slides

Introduction

| was the acknowledged Author of Volumes 1 and 2 of the original Load Research Manual for
implementing new load research projects on end-user classes, appliances, and buildings.! The two

volumes were part of the three-volume set prepared for the U.S. Department of Energy,? and under the
overall project direction of the Argonne National Laboratory.® Volume authors were advised by a council
formed of the AEIC Load Research Committee.* The manual was updated twice; the most recent revision
in 2017 included chapters on Advanced Metering Infrastructure and Techniques for Exploration and

Presentation through tables and graphics.

The manual principally considered techniques to determine the demand for electricity by time of
use in studies of energy conservation, demand side management, and related programs involving the use of
electricity; see Slide 2. The originator of the idea of demand side management, Clark Gellings,
would come to say in 2017 of load research programs (see Slide 3): “Most utility planners often
studied various customer programs or technology options independently of one another assessing
options like time-of-use pricing one day and thermal electric storage another --- each study done

separately without regard for a systematic way to look at load shape changes and the associated

Wolume 1: Load Research Procedures; Volume 2: Fundamentals of Load Research Procedures

2Utility Systems Division, Economic Regulatory Administration (ERA).

3Energy and Environmental Systems Division (Robert Swaroop).

“Lois Brandenburg (Detroit Edison Company), George Clarkson (Public Service Electric & Gas Company),

Clarence Grund, Jr. (Georgia Power Company), and John Leo (Mid-South Utilities). | also benefitted from
conversations on sample design with Prof. Roger Wright (University of Michigan).
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costs and benefits to both the electricity consumers and their suppliers from potential programs

and activities.”*[emphasis mine]

An issue for load research teams now to consider now is the continuing importance of
demand flexibility, as electric utilities and regulators now seek to shift resource use from costly
peaks to hours where costs and carbon emissions are less; see Slide 4. This would implicate
renewable both grid generation resources (e.g., solar, geothermal, wind, hydro) and distributed
energy resources (e.g., rooftop, physical storage, batteries, and new innovative programs for
demand side management). Through load-shifting, flexibility programs can be used to modify the

duck curve to support clean energy and grid stability.

A research team at Lawrence Berkeley Laboratories (Andrew Satchwell, et al,) restated in
July 2020 a determination for measuring three categories of demand management: appliance
efficiency, peak shedding, and load shifting; see Slide 5. Topics related to the LBL framework
would include defining and evaluating key metrics, analyzing trends related to future loads and
costs, and weighing policy trade-offs concerning capital costs, fuel, and emissions. This would
suggest a need for a continuing updated database of hourly load data by region, season, class, and
day of week; see Slide 6. A research process requires an analytic system to examine policies,
technologies, and marketing levers that widen participation and promote greater effectiveness.

Integrated load research can be carried out in four steps as part of an innovation process;

see Slide 7:

>Gellings, C.W., (2017), “Evolving practice of demand-side management”, Journal of Modern Power
Systems and Clean Energy, vol. 5, pagesl-9, at https:/link.springer.com/article/10.1007/s40565-016-
0252-1
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Compile economic projections and load research data for relevant classes of use and times
for electric load

2. Analyze technology and response parameters related to use of electricity

3. Consider alternative policy analysis using other methods

4. Perform cost benefit analysis

1. Compile Projections and Load Research Data

Data related to projections of end use, peak demand, and load research can be compiled in a
comprehensive knowledge repository made available online to engaged professionals. The structural
foundation for a comprehensive knowledge repository for energy research can be found at the Open
Energy Data Initiative; see Slide 8. From inception in 2012, the OEDI has been a centralized
repository of high-value energy research datasets aggregated from the U.S. Department of
Energy’s Programs, Offices, and National Laboratories undertaken in order to accelerate
accessibility and collaboration. The intent of the OEDI was to provide an open-source web
platform that included access to freely interconnected datasets and pages of information made

available in a searchable format.

Data uploaded on the Linked Open Data (LOD) format can be made available on OEDI to
be automatically and instantly understood and consumable by other participants. Elements in
OEDI can be uploaded, shared, utilized, analyzed, and downloaded by any participant in over 200
countries; see Slide 9. OEDI also allows posting, use, and construction of new software
applications, web tools, visualizations, data base mashups, policy-making formats, research

studies, and technology-specific catalogs -- activated on proprietary or cloud-computing platforms.



2. Apply Technology Programs and Response Parameters

Regarding energy efficiency and demand flexibility in the U.S. building sector. Aven Satre-Meloy
and Jared Langevin® (Building Technology and Urban Systems, Lawrence Berkeley Laboratories,
2019) reviewed present research (as of 2019) and came to yet conclude that joint assessments of
efficiency and flexibility measures are largely absent from the literature on national and regional
energy demand; see Slide 10.” The authors believe that their work was the first to develop a national
baseline for time-sensitive valuation of energy efficiency and flexibility in the U.S. building sector,
and thus demonstrates how next-generation building technologies can dynamically reshape energy

loads through demand-side flexibility on building use.

The study adopted SCOUT, an open-access model of US building energy use? to
characterize sub-annual variations in baseline building electricity use at the national scale; the
study projects sub-annual levels of hourly, seasonal, and regional variations; see Slides 11-12. The

authors then applied parameters to related to pricing, efficiency, and demand shift (in 2015-2050).

From the baseline, the authors re-apportioned projected annual energy, cost, and emissions
to hourly components based on EPRI’s End Use Load Shapes Library (versioned at v5.0). Average
hourly kilowatt loads from EPRI are available by NERC region, facility group, season, day type,

and weather sensitivity.

A Satre-Meloy and J. Langevin (2019), “Assessing the Time-Sensitive Impacts of Energy Efficiency and
Flexibility in the U.S. Building Sector”, Environ. Res. Lett 14 (2019) 124012.

71d., see notes 2-18 and surrounding text.

8 Scout, v0.4.1 (scout.energy.gov), U.S. Department of Energy (Id., note 27). Baseline data are available
online at stacks.iop.org/ERL/14/124012/mmedia; the projections reflect EIA Annual Energy Outlook
Reference Case projections in each year until 2050 [note 29]. See also Appendix B of article.



http://scout.energy.gov/
http://stacks.iop.org/ERL/14/124012/mmedia

Illustrating the general procedure analysis with residential air-conditioning (see Slide 13),

the study comes to measure:

Static Cooling Efficiency: Reducing residential energy proportionately by efficiency

improvements of 10, 20, and 30 percent implemented around-the-clock.

Dynamic Cooling Shedding: Shedding residential air-conditioning peak loads in
magnitudes from zero to fifty percent in peak hourly intervals of four (4-8 PM), six (2-8 PM), and

eight (12-8 PM) hours.

Dynamic Cooling Shifting: Shifting residential air-conditioning loads in magnitudes from
zero to fifty percent in peak hourly intervals of four (4-8 PM), six (2-8 PM), and eight (12-8 PM).

Displaced kilowatts were shifted to immediate hours before the interval without energy reduction.

Time of Use Pricing: Four, six, and eight hour shed/shift intervals are accompanied with
price patterns related to time of use set at, respectively, 5™ percentile, 50" percentile, 95" percentile

of all URDB rates).’

With a collection of scenarios, the authors then calculated savings from three alternative

space conditioning technologies; see Slide 14:

Static Cooling Efficiency Improvement: Residential air conditioner with Seasonal EE
rating 18 cooling system: Saving up to thirty one percent in cooling electricity consumption, all

hours, median TOU rates.1®

®Hourly TOU rates are broken out by customer type (residential, commercial, industrial), month of the year,
day type (weekday, weekend), and US Energy Information Administration (EIA) utility code. See also
Appendix B2, Figure B2.

19See also note 43 and surrounding text; Appendix B.1.



Dynamic Cooling Shedding: Implemented by thermostat set point adjustment (occupant or
direct load control): Saving up to a fifteen percent reduction of usage during shed hours, 4-8 P.M.,

median TOU rates.!

Dynamic Cooling Shifting: Implemented by thermal storage with pre-cooling: Saving up

to a sixty five percent reduction of usage during shed hours, 4-8 P.M., median TOU rates.*2

Combined Efficiency and Flexibility Measures: Saving up to a thirty-one percent reduction

of usage in all hours, peak shed fifteen percent, 4- P.M., median TOU rates.

3. Consider Alternative Policy Analysis

The above LBL analysis is based on itemized readings of individual engineering and economic
studies performed by other researchers and is thus extended by careful readings of the same body
of work. An alternative mode of analysis can attempt a consensus by integrating studies of demand
response programs now in effect at public utilities, or under consideration by their regulators or
administrators. Dan York, Grace Reif, and Corri Water (The American Council for an Energy
Efficient Economy) in 2019 reported a review of twenty two programs that showed varying

integration levels of energy efficiency and demand response.®

11See also note 44-45 and surrounding text; Appendix B.1

12See also note 46 and surrounding text; Appendix B.1

13D, York, G. Reif, and C. Waters (2019), “Integrated Energy Efficiency and Demand Response Programs”,
https://www.aceee.org/research-report/u1906.



https://www.aceee.org/research-report/u1906

In increasing order of data complexity, the ACEEE study categorized energy efficient (EE)

and demand response (DR) programs as follows; see Slide 15

1. Recognition of EE and DR capabilities (three utilities; one residential, two commercial)

2. Cross-promotion of EE and DR programs (five utilities; four residential, three commercial)

3. Administrative integration of multiple programs of EE and DR for a targeted need (seven
utilities: five residential, three commercial)

4. Single program offering EE and DR (five utilities; four residential, one commercial)

The ACEEE study found that policy analysis on integrated of EE and DR have been activated by

regulators in eight states (including New York and California).

A consensus survey of experts from different sectors lends itself to the so-called Delphi
method.'* The Delphi method is based on the principle that forecasts from a panel of scholarly are
generally more reliable than forecasts of any one. After each round, a facilitator further provides
an (anonymous) summary of forecasts and reasons, and participating experts are encouraged to
revise earlier answers in light of earlier replies. The Delphi method then enables a widening body
of crowdsourced knowledge that can be reported and modified through sequenced communication

between experts.

4Rand Corporation, Delphi Method, at https://www.rand.org/topics/delphi-method.html (retrieved September 24,
2020)



https://www.rand.org/topics/delphi-method.html

4.Perform Cost Benefit Analysis

Generally speaking, demand flexibilities can be compared with before and after simulations of
new technologies on smart appliances.r® Cara Goldenberg and Mark Dyson® (Rocky Mountain
Institute, 2018) provided an example of a template for analyzing the economics of appliance loads
in an integrated framework of demand responsiveness studies; see Slide 16. RMI designated eight
flexible end-use categories — residential (water heaters, space heat, cooling, and plug loads),

commercial (water heaters, space heat, cooling), and electric charging platforms; see Slide 17.

RMI combined hourly load forecasts for the ERCOT territory with RMI’s projections of

generation supply?’ through 2050 (found in the RMI’s Reinventing Fire, 2012); see Slide 18. Net

load was the difference between total system load less wind and solar. Load shapes for individual
end-uses were adjusted for policy levers listed below; flexible loads were shifted from peaks to

troughs while maintaining total energy uses.'®

BFor example, two types of electric water heating technologies can be tested -- electric resistance
water heaters (directly heating water and maintaining temperature in short “bursts” of energy) and
heat pump water heater (drawing heat from the surrounding air to heat the water). The latter
technology presumably has quantifiable efficiencies that could be discerned on an hourly basis,
and can be made the basis of a load research study. R. Hedlik, J. Chang, and R. Lueken (2016), “The
Hidden Battery Opportunities in Electric Water Heating”,
https://brattlefiles.blob.core.windows.net/files/7167 the hidden_battery -

opportunities_in_electric_water_heating.pdf. Dr. Carl Hiller of Applied Energy Technologies developed
the water heater simulations upon which many of the assumptions in this study are based.

16C. Goldenberg and M. Dyson (2018), Demand Flexibility: The Key to Enabling a Low-Cost, Low-Carbon
Grid, at http://rmi.org/wp-content/uploads/2018/02/Insight_Brief Demand_Flexibility 2018.pdf

Y7Supply forecasts for ERCOT were established at Wind: 42%; Solar: 18%; Gas-Fired: 20%; Inflexible:
20%

¥for a general example of load shifting from a Hawaiian household, see Slide 19.


https://brattlefiles.blob.core.windows.net/files/7167_the_hidden_battery_-_opportunities_in_electric_water_heating.pdf
https://brattlefiles.blob.core.windows.net/files/7167_the_hidden_battery_-_opportunities_in_electric_water_heating.pdf
https://info.rmi.org/demand_flexibility
https://info.rmi.org/demand_flexibility
http://rmi.org/wp-content/uploads/2018/02/Insight_Brief_Demand_Flexibility_2018.pdf

Net loads before and after adjustment were run appropriately through models to determine

wholesale market clearing price.

After attempting to shift hourly loads from peak to valley hours, the authors then
considered the prospective generation of renewable resources (wind and solar), and dispatch
procedures to reduce curtailment so to avoid duck curve ramps that would destabilize the
surrounding electricity grid; see Slide 20. The result was a properly configured load shape that
sustained an economic cost-benefit analysis; see Slide 21. The authors describe parameters and

program costs for flexibility programs in each class of use.*®

As illustrated in Slide 23, demand flexibility is found to have favorable economic impacts
upon renewable generation (up 36 percent), peak load (down 24 percent), curtailment of
renewables (down 40 percent), the load ramp (down 45 percent), and system-wide CO2 Emissions
(down 23 percent). However, the different end-use strategies are not equally cost-effective; see

Slide 24. Slide 25 illustrates a determined ranking:
Cost-Effective
Commercial Space Heat: Very, but little availability
Residential Plug Loads: Wider availability

Electric Vehicle: Widest availability

sfor residential programs, see Slide 22
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Neutral

Commercial Water Heating: Little availability

Residential Water Heating: Wide availability

Cost-Ineffective

Residential Heat: Least Availability

Commercial Air-Conditioning: Availability

Residential Air-Conditioning: Widest Availability

5. EPRI Load Shape Library

To meet the data requirements for planning and monitoring programs for demand flexibility, it is
necessary to establish an ongoing, detailed, and fully available online data library. The EPRI Load
Shape Library appears to be the comprehensive industry standard for the U.S. utility industry; see

Slide 26. The library is now at Version 7.

The library can distinguish exemplary load curves based on actual data; see Slide 27. The
library now makes data available for ten reliability regions and fifteen urban areas. Data are
available by season of year (summer, winter, and shoulder months), day type (weekday, weekend),
time of day (peak, mid-peak, off-peak), class of customer (commercial, residential, industrial),

and category of end-use; see Slides 28-32.

EPRI expects to upgrade the library to Version 8 in the next few months. This is an

ongoing opportunity for utility planners, regulators, and government policy makers. The
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prospective use of an open library of load shape data can enable efficient use of dispatch,
renewables, distributed energy resources, and demand management programs . This planning can
happen through load curves capable of modeling changes in appliance efficiency, controls and
price structures to value peak-chopping, and programs for load-shifting that avoid the

counterproductive increase in curtailment.
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