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LOAD 
SHAPES OR 
LOAD SILOS?   

• 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 costs and benefits to both the electricity consumers and their 
suppliers from potential programs and activities.   

• Clark  W.  Gellings (2017) 

• Evolving practice of demand-side management

• Journal of Modern Power Systems & Clean Energy 5(1):1-9), 
December, 2016
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. Used by Permission of the Rocky Mountain Institute, Mark Dyson
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Response & 
Flexibility 
Parameters 

Appliance and Building Efficiency 

Peak Shedding 

Load Shifting Strategies

Time-of-Use & Interruptible Pricing
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Flexibility Follows Economic                       
Structure

• Load = Residential + Commercial + Industrial   +          
Municipal

• Residential = Base Usage + Weather-Sensitive

• Commercial = Base Usage + Weather-Sensitive

• Usage = Stock x Efficiency x Utilization x 
Weather Adjustment 

• Need Load Shape Library by Region,  Season, 
Class, Day of Week

6Demand Flexilibity and the EPRI Load Shape Library



Process as Innovation 

• Compile economic projections and load 
research data for relevant rate classes and 
times of use  

• Analyze technology and response 
parameters related to use of electricity on 
policy levers

• Consider alternative policy analysis using 
other methods

• Perform cost benefit analysis
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OPEN ENERGY DATA INITIATIVE (2012) 
National Renewable Energy Laboratory 
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OBJECTIVES OF 
THE OPEN 

ENERGY DATA 
INITIATIVE

1. Maintained by Department of Energy and National Laboratories
2. Open access datasets and tools 
3. Data added, shared, utilized, analyzed, downloaded, uploaded
4. Instantaneously available/updated, crowdsourcing, mash-ups.

1. New software applications/web tools 
2. Analyst and policy=making studies
3. Consumer education resources
4. Energy informatics and visualization
5. Utility Rate Database (URDB) – 85% of U.S. utilities 

• Debbie  Brodt-Giles (NREL),  

• WREF 2012: OPENEI – AN OPEN ENERGY DATA AND INFORMATION EXCHANGE FOR 
INTERNATIONAL AUDIENCES, 
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Building 
Technology and 
Urban Systems, 
Lawrence 
Berkeley 
Laboratories, 
(2019) 

• Adopted SCOUT, an open-access model of US building energy use 

• Estimated sub-annual variations: building energy use @ national scale 
(2018-50) 

• Analyses of energy/cost/CO2: related to pricing, efficiency, & demand shift

• Apportion SCOUT’s annual energy, cost, & emissions  to hourly loads

• Hourly components based on EPRI’s End Use Load Shapes Library

• NERC region, facility group, season, day type, and weather sensitivity  

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

A SOFTWARE 
PROGRAM  

• Estimates national energy 
savings, avoided 
CO2 emissions, and 
operating cost 

• Energy Conservation 
Measures in the U.S. 
residential and commercial 
building sectors

• Savings impact and cost-
effectiveness of ECMs 
under different regions 

• Determines where 
certain energy-saving 
technologies may help 
build energy efficiency

• Under development by 
U.S. Department of 
Energy Building 
Technologies Office  

• Available for download 
or fork at GitHub
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THE SCOUT 
SCHEMATIC
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Interpolations 
for Flexibility 
Parameters 

• Static Cooling Efficiency: Efficiency 
improvements of 10, 20, 30 percent around-the-clock

• Dynamic Cooling Shedding: Shed loads, 0 – 50%,  
peak PM hourly intervals:  (4-8),  (2-8),  (12-8)  

• Dynamic Cooling Shifting: Shifted loads,   0 –
50%, in peak hourly intervals,  no kWh reduction   

• TOU Pricing: Price patterns set at 5th percentile, 
50th percentile, 95th percentile

• Rate Data at Utility Rate Data Base.  At 
http:://data.openei.org/
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Residential 
Air-conditioner

Technologies

• Efficiency Improvement: Seasonal EE rating 18 system

• Saving  31 %  in cooling kWh,  median TOU rates

• Shedding:  Thermostat set point adjustment 

• Saving 15 % in  peak kilowatts,  4-8 P.M., median TOU rates 

• Shifting:    Thermal storage with pre-cooling

• Saving 65% in shifted kWh,  4-8 P.M., median TOU rates
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The  American 
Council for an 
Energy 
Efficient 
Economy 
(2019)

• Twenty-two state-based programs with varying integration 
levels of energy efficiency & demand response 

• Estimated demand parameter from interviews with 
utilities   

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

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

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

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

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

Rocky Mountain 
Institute (2018)

• Demand flexibility shifts kWh use across hours 

• Equal service quality and lower costs

• Use rate structures, commands, & promotions

• Solar, wind, gas, and irreversible capacity 

• C. 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
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Active End 
Uses

• Space Cooling:  Residential,  Commercial

• Space Heating:  Residential, Commercial  

• Water Heating:  Residential, Commercial  

• Electric Vehicles

• Plug in Loads

Demand Flexilibity and the EPRI Load Shape Library

17



Cost-Benefit
SimulationStudy  
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• Region:                   ERCOT

• Interval:                  2018 - 2050

• Forecast Supply:     Renewable (42% Solar, 18%  Wind); 

• Nonrenewable (20% Gas; 20% Irreversible) 

• Forecast Load:         Major end uses by Load Shape

• Net Load:                 Total Load – Wind – Solar

• Policy Levers:          Technology Parameters and Costs

• Activate Levers:       On Net Loads

• Calculate:                 Costs and Benefits

• C. 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
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Space 
Cooling

Technology 
Levers
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Each building is 
equipped with one 
ice storage unit of 
storage capacity

28 kWh 
(residential)

57 kWh 
(commercial) 

Model simulates 
energy shift from 

high periods 
(highest 6 hrs./day) 

low periods (lowest 
7  hrs. each day)
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Cost-Effectiveness of                 
Demand Flexibility 

• Cost-Effective 

• Commercial Space Heat: Very, but little availability 

• Residential Plug Loads: Wider availability

• Electric Vehicle: Widest availability

• Neutral 

• Commercial Water Heating: Little availability 

• Residential Water Heating: Wide availability

• Cost-Ineffective     

• Residential Air-Conditioning:  Widest Availability  

• Commercial Air-Conditioning:  Availability

• Residential Heat:  Least Availability
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EPRI LOAD SHAPE LIBRARY 7.0
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Class of Customer

•Commercial  

•Residential  

• Industrial
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Cooling Heating Lighting

Ventilation 
Office 

Equipment
Refrigeration 



Central Air Conditioning

Water Heating

Clothes Washer

Clothes Dryer

Dishwasher

Heating

Lighting ("All Regions" only)

Refrigerator ("All Regions" only)

TV & PC ("All Regions" only)
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HVAC

Lighting

Machine Drives

Other ("All Regions" only)

Process Heating
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