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Abstract
The measurement of energy savings and demand reduction through energy efficiency (EE) projects has always 
been challenging.  For those EE programs that receive ratepayer funding for incentives, rebates, and program 
administration, the pricing of energy efficiency is even more important-----and sensitive------to policy makers.  
The challenge of wedding technological benefits with rebate and incentive pricing can be very puzzling in 
developing robust energy efficiency programs. Add to this, the fact that not all saved kWh’s and reduced kW’s 
are valued equally.  Electricity saved during the grid’s daily peak is much more valuable than that which is saved 
off-peak.  Similarly, virtually all utilities have seasonal peaks and off-peaks. Electricity saved during the seasonal 
peak is more valuable than the same electricity saved in the off-peak season.  Additionally, for many utilities 
with multiple generating assets, the relative carbon intensity of generated power can change hourly, as can the 
consumption of water relating to thermal power sources.  Thus, the timing of the end-use customer’s energy 
efficiency savings may create varying levels of carbon reduction and water efficiency.  This webinar will explore 
a few key markets around the U.S. to illustrate these time-based variables and their materiality.  We will also 
explore how prevalent time-sensitive EE and Demand Response programs are throughout the U.S., and the 
challenges related to their implementation.
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Knowing your Audience
• Where?

• Who?: Energy Engineer, Utility Employee, Energy Efficiency Professional, Facility 
Manager, Regulator, Economist, NGO?
• Why are you here?  Climate Change Mitigation, Clean Energy, Cut Costs, 

Decarbonization, Improve Policy, Advocacy
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Major Points
1. Setting Scope and Context
2. The challenge of “valuing” and “pricing” electricity and energy 

efficiency savings
3. Factors Driving the Time-Variance of Energy Efficiency
4. Prevalence of EE Time-Varying Incentives and Rebates
5. Other Best Practices
6. Future Challenges and Opportunities
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Different Types of Pricing for
Different Consumer Products/Services
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Words and Definitions Matter
• Energy Efficiency Demand Response

6



Valuing Energy Savings begins with the 
Challenge of Valuing Electricity Resources
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Wholesale Electricity Prices are highly variable
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Source: LCG Consulting-Energy OnLine

http://www.energyonline.com/Data/GenericData.aspx?DataId=12&NYISO___Actual_Energy_Price


The Time Value of Energy Efficiency Savings 
has unique drivers beyond electricity value

The Energy Savings Valuation Challenge 
is related but not identical
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So What’s the Problem? Part 1

Sunrise

Sunset

The Problem
Part 1
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So What’s the Problem? Part 1a)
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Source: DOE Office of Energy Efficiency and Buildings, Buildings and the Grid 101: How Much Does Timing Matter? May 21, 2019

Summer Residential Load Curve Winter Residential Load Curve



Electricity Revenues and Energy Efficiency Incentives 
and EE Program Costs are Big Business

• Retail Electricity Sales in the U.S.-2019-$401B on 3,811B kWh’s
• 28B kWh electricity EE Savings, at a cost of $2.3B annual incremental cost1

• Retail Electricity Sales in Canada-2018- 572B kWh’s on $60B-CAD annual cost
• 2.7B kWh electrical EE Savings-2018, at a cost of $820 MM-CAD annual 

incremental cost2
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1US.Energy Information Agency, Form 861, Energy Efficiency Tab, 2019

22020 Canadian Provincial Scorecard; James Gaede, Brendan Haley, Madeline Chauvin, 2020 Efficiency Canada, Care of 
Carleton University 

https://www.scorecard.efficiencycanada.org/wp-content/uploads/2020/11/2020-Provincial-Energy-Efficiency-Scorecard.pdf


Time-of-Use (TOU) Pricing: One Tool for Shaping Load

Source: SCE.com
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Time-of-Use (TOU) Pricing: One Tool for Shaping Load

Summer-June through September Winter-October through May
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Source: Southern California Edison



Elements of Avoided Cost

15

Energy-related cost

Generation Capacity-related 
cost

Ancillary Services

Transmission capacity-
related costs

Distribution-Capacity Related 
Costs

Time-Varying Value of Energy Efficiency, Natalie Mims, Tom Eckman, and Chuck 
Goldman; July 10, 2017; 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. 

https://emp.lbl.gov/publications/time-varying-value-electric-energy


The Impact of Energy Efficiency Residential 
Air Conditioners on Load
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Source: Do Energy Efficiency Investments 
Deliver at the Right Time?; Justin Boomhower
and Lucas Davis, American Economic Journal: 
Applied Economics 2019, 12(1): 115–139

https://doi.org/10.1257/app.20170505


The Magnitude of Energy Efficient Savings from 
Residential Air Conditioning by Time of Day
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Source: Do Energy Efficiency Investments 
Deliver at the Right Time?; Justin Boomhower
and Lucas Davis, American Economic Journal: 
Applied Economics 2019, 12(1): 115–139

https://doi.org/10.1257/app.20170505


How Big is the Energy Efficiency 
Timing Premium?
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Source: Do Energy Efficiency Investments 
Deliver at the Right Time?; Justin Boomhower
and Lucas Davis, American Economic Journal: 
Applied Economics 2019, 12(1): 115–139

https://doi.org/10.1257/app.20170505


Regional System Peak Curves (Annual)
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Time-Varying Value of Energy Efficiency, Natalie Mims, Tom Eckman, and Chuck Goldman; July 10, 2017; 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. 

https://emp.lbl.gov/publications/time-varying-value-electric-energy


End-Use Load Shapes are Unique 
and Often Time-Dependent
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Time-Varying Value of Energy Efficiency, Natalie Mims, Tom Eckman, and Chuck Goldman; July 10, 2017; 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.

https://emp.lbl.gov/publications/time-varying-value-electric-energy


Ratio between Total Time-Varying Values of End use 
by Energy-only Value of End-Use
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Time-Varying Value of Energy Efficiency, Natalie Mims, Tom Eckman, and Chuck 
Goldman; July 10, 2017; 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.

https://emp.lbl.gov/publications/time-varying-value-electric-energy


Ratio of total time-varying value to energy-related 
value of energy savings by load shape and location 
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Time-Varying Value of Energy Efficiency, Natalie Mims, Tom Eckman, and Chuck Goldman; July 10, 2017; 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. 

https://emp.lbl.gov/publications/time-varying-value-electric-energy


Canada: Market-Based instruments for green 
buildings in Canada
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Provincial Level financial incentives 
for energy efficiency
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Examples of Current Incentive Pricing-
Southern California Edison
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Source: Southern California Edison Energy Efficiency 
Solutions Directory, 32nd Edition, February 2021



Examples of Current Incentive Pricing-
Sacramento Municipal Utility District (SMUD)

26

Source: Sacramento Municipal Utility District, Custom Retrofit Incentives

https://www.smud.org/-/media/Documents/Business-Solutions-and-Rebates/PDFs/Business-Rebates/0157-21_CustomRetrofit_Incentives-8p5x11s.ashx


Examples of Current Incentive Pricing Custom Projects-
Northeast & Midwest
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• New England IOU’s-14 cents/kWh saved
• Pennsylvania Electric Company-10 cents/kWh saved

• Consolidated Edison NY-Variable by End Use and Location
• Detroit Edison MI- (.05 cents/kWh)
• Consumers Energy MI (.10 cents/kWh)
• Commonwealth Edison IL-

per kWh varies by technology



Examples of Current Incentive Pricing Custom Projects-
Texas & Southeast
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Austin Energy-Demand Based, Varies by end-use Georgia Power-$.10/kWh 

Florida Power & Light-Negotiated 



Carbon-Intensity of Generated Electricity 
May Vary by Time
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Source: California Independent System Operator



How Does this Movie End?
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Real Time Pricing for 
Electricity

Enabled by Smart 
Meters at the 

Enterprise Level

Fine Tuned by 
End-Use

Measurement

Influenced by 
Locational Costs 
of Distribution 

System



Concluding Thoughts
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Value of Energy Efficiency IS Time/Season 
Dependent driven by Avoided Cost Components

Energy Efficiency Savings Most Value at Load Peak

If End-Use Load Curve Mimics System Curve 
Measure has High Time Value Premium

Up-Front Incentives Too Blunt for Time Valuing EE

Unbundling of End Uses and Real Time Incentives is the path 
forward for more efficient time valuing of EE



Thank you!
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APPENDIX

33



Key References
1. Do Energy Efficiency Investments Deliver at the Right Time?; Justin Boomhower and Lucas Davis, American 

Economic Journal: Applied Economics 2019, 12(1): 115–139

2. Time-Varying Value of Energy Efficiency, Natalie Mims, Tom Eckman, and Chuck Goldman; July 10, 2017; 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.

3. Evaluation of financial incentives for green buildings in Canadian landscape; Anber Rana a, Rehan Sadiq a,*, 
M. Shahria Alam a, Hirushie Karunathilake a,b, Kasun Hewage a; a School of Engineering, University of British 
Columbia (Okanagan Campus), 1137 Alumni Avenue, Kelowna, BC V1V 1V7, Canada b Department of 
Mechanical Engineering, University of Moratuwa, Katubedda, Moratuwa, 10400, Sri Lanka; Renewable and 
Sustainable Energy Reviews; Volume 135, January 2021, 110199

4. Energy Management Handbook, 9th Edition, Stephen Roosa, Steve Doty, Wayne C. Turner, CRC Press

5. How Changes to Time of Use Rates are Impacting Commercial & Industrial Customers, James Dodenhoff, 
Association of Energy Engineers Monthly Webinar Presentation, October 2020

34

https://doi.org/10.1257/app.20170505
https://emp.lbl.gov/publications/time-varying-value-electric-energy
https://www.sciencedirect.com/science/article/pii/S1364032120304895?via%3Dihub
https://www.sciencedirect.com/science/journal/13640321/135/supp/C
https://www.amazon.com/Energy-Management-Handbook-Stephan-Roosa/dp/1138666971/ref=sr_1_3?dchild=1&keywords=Energy+Management+Handbook&qid=1624368380&s=books&sr=1-3
https://www.slideshare.net/JimDodenhoff/how-changes-to-time-of-use-tou-rates-are-impacting-commercial-industrial-customers


Areas for Future Research and Study

1. Avoided cost analysis, especially around Transmission & Distribution
2. Effectiveness of incentives/rebates in driving specific energy 

efficiency purchases
3. Causal impact of targeting demand reduction 
4. Impact and variability in Total System Load Curves over time and 

impact on time-dependent value
5. Comparison of ISO markets vs. non ISO markets and impact on time 

value
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