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End-Use Energy Efficiency in an IRP

Incentives matter: Energy efficiency may be in the customers’ interest but 
not the utility’s and that usually produces minimal result. Performance 
standards and incentives must be combined with an IRP to get energy 
efficiency done at scale.

Table courtesy of ACEEE
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End-Use Energy Efficiency in an IRP

Analysis matters: An IRP can only consider energy efficiency as a resource 
if energy efficiency can be properly modeled. This requires that the IRP 
tools properly evaluate energy efficiency AND that the energy efficiency 
potential study provides the right information for use in the IRP tools.
Common problems:
• Imposing energy efficiency as modifying exogenous load growth does 

not allow efficiency to compete with other resources.
• Baseline load forecasts and required energy efficiency should 

reconcile.
• IRP tools are usually “capacity addition” models that don’t like to add 

new resources before there is a capacity shortfall. Efficiency is adopted 
by customers and must be accumulated, not built instantly.

• IRP tools need “resource profiles” that are often missing or done 
incorrectly in potential studies.

• IRP tools need “resource packages” to select, so if the level of energy 
efficiency programming is to be determined optimally the energy 
efficiency potential study needs to define a supply “curve”.



www.5lakesenergy.com

What is Integrated Resource Planning?

The processes through which an integrated resource plan is 
developed, adopted, implemented, and enforced.

Diagram from Hirst, E. A Good Integrated Resource 
Plan: Guidelines for Electric Utilities and Regulators. 
Oak Ridge National Laboratory. December 1992. As 
it appears in 

Integrated Resource Planning for State Utility 
Regulators. The Regulatory Assistance Project. June 
1994. Available at 
www.raponline.org/document/download/id/817.

See also:
Kushler, M. and York, D. Utility Initiatives: Integrated 
Resource Planning. July 2010, American Council for 
an Energy Efficient Economy. Available at 
aceee.org/policy-brief/utility-initiatives-integrated-
resource-planning

Wilson, R. and Biewald, B.. Best Practices in Electric 
Utility Integrated Resource Planning. Regulatory 
Assistance Project. June 2013. Available at 
www.raponline.org/document/download/id/6608
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Key IRP Concepts: Growth Dynamics
A utility with rapid load growth will exploit economies of scale and build big plants, but 
a utility with slow load growth should build small plants or upsize replacement plants 
to avoid owning unused capacity. 

Build new plants in 
time to avoid 

capacity shortfalls 
including reserve 

margin

Large new plants 
cause several years 
of excess capacity 

and high rates

Small plants are more 
expensive per unit capacity 
but less expensive per unit 

USEFUL capacity. 
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Considering Efficiency in a Capacity Additions Model
Efficiency resource available at the time of potential resource expansion is accumulated 
avoided capacity due to efficiency from present to the time resource addition is 
needed.

Resource cost of efficiency resource is future value at time of capacity need of the net 
cost of the programs in advance of need.

Net cost of the programs before capacity need is program cost less avoided energy 
cost.

Variable cost of the efficiency resource after capacity need is the avoided cost of 
energy (which is a negative value).

This treatment of efficiency as a resource in the IRP analysis is equivalent to the 
calculation of the UCT and will select resources at least up to a marginal UCT of 1.0.   
Risk analysis may select resources with marginal UCT somewhat greater than 1.0.
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Key IRP Concepts: Load Profile
The amount of electricity used by customers is commonly called load. 
Analyses are usually based on 8760 hourly loads per year. Variations are due 
to weather and daily, weekly and seasonal patterns of electricity use.
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Key IRP Concepts: Load Duration Curve
Ordering the hours by load instead of time produces a load duration curve. 
This curve shows the number of hours of the year that load exceeds any 
given amount. Clearly some capacity will only be used part of the time.

Required Capacity: 
production plant output 

needed to serve peak load, 
plus reserve margin Energy: running 

plants to satisfy load 
each hour of the year
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Key IRP Concepts: Optimum Generation Portfolio

Combining the ideas behind the load duration curve and technology screening 
curves, we find the traditional optimum generation portfolio of peakers, load-
following, and base load plants.

Baseload plants run 
almost all of the 

time.

Peaking plants are used to 
meet capacity 

requirements and run a few 
hours a year to meet 

seasonal peaks.

Load-following plants 
run some almost every 

day to meet daily 
business-hours load

Peaking capacity is justified for resource adequacy. 
Baseload and load following plant investments are 
justified by cost savings in variable costs of production.

Plant merit order is 
from lowest to highest 
running cost. Capacity 

by type is based on 
crossing points in 
screening curves.
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Renewable Generation in an IRP
Timing matters. Wind and solar are variable and can be curtailed when not needed but 
not turned on when needed. A useful way to think about them is as “negative load”. 
Here we have a load duration curve again, but with hours ordered by load minus wind 
generation. The analysis of dispatchable generation is just like without renewables.
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How does efficiency fit in an IRP?
Timing matters. Different efficiency measures affect different parts of the load duration 
profile, so might be loosely considered peaking, load-following, or baseload resources.

Air conditioning efficiency, 
shading, etc are “peaking” 

resources. Commercial lighting and 
more efficient heating are 
“load-following” resources

More efficient refrigerators, 
street lighting, etc. are 
“baseload resources.
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Energy Efficiency Resource Profile in an IRP

A more efficient 
refrigerator reduces non-

weather-related load.

Think about the effects of more efficient refrigerators.

Refrigerator inefficiency is 
heat for the home. More 

efficient refrigerator 
increases heating need, 

which is partly fuel 
switching.

A more efficient 
refrigerator reduces cooling 
load, by the inverse of the 

COP.

Marginal line losses as a 
portion of load are 

proportional to total load.
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Energy Efficiency Resource Profile in an IRP
The profile of refrigerator efficiency looks like:

Direct savings due to more 
efficient refrigerators, plus 
avoided line losses at low 

load

Reduced savings due to 
replacement heat, plus 
increasing avoided line 
losses at higher loads

Increased savings due to 
avoided cooling, plus 

increasing avoided line 
losses at higher loads

This, not the direct savings, 
is the capacity value of the 

measure.
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Energy Efficiency Supply Curve in IRP –
“Bottom Up” Shows Declining Returns to Scale
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Energy Efficiency Supply Curve in IRP –
“Top Down” Shows Increasing Returns to Scale

Batz, Gilleo, and Barigye. 2016. Big Savers: Experiences and Recent History of Program 
Administrators Achieving High Levels of Electric Savings. ACEEE Report u1601
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Energy Efficiency Supply Curve in IRP

• Most potential studies are fairly strong and similar in 
identifying gross savings per measure implemented.

• Many potential studies are weak in empirically 
modeling (based on data) consumer behavior.

• Potential studies find “achievable savings” based on 
arbitrary assumptions about rebates and other 
elements of program design, rather than program 
optimization. This approach makes it difficult to find 
supply curves.

• Improving modeling of program uptake is key to 
resolving the supply curve conundrum.
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