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Overview
The Guide to Total Resource Cost Analysis (the Guide) has been prepared to
assist local distribution companies (LDCs) in meeting the filing requirements for
2005 conservation and demand management (CDM) approval and for making
applications for incremental CDM funding in 2006 distribution rates.
In its Decision of December 10, 2004, the Board approved applications by certain
LDCs to invest in CDM, conditional on, among other things, the applicants filing
quarterly and annual reports on their CDM initiatives. 1 The annual report is to
include a cost benefit analysis. This Guide outlines the required analysis and
techniques for LDCs to perform the cost benefit analysis.
Similarly, in the 2006 Electricity Distribution Rate Handbook Report, the Board
stated that LDCs who plan on seeking incremental funding for CDM in 2006 rates
must file a cost benefit analysis in advance of Board approval. 2 This Guide is to
be used for the purpose of preparing the cost benefit analysis.
The Guide consists of the minimum expectations of the Board. LDCs are free to
use other testing techniques and incorporate other data where appropriate.
Where a LDC uses other techniques and data, the LDC must provide evidence to
justify the use of alternative techniques or data.
The Guide consists of two elements:
1. An explanatory document for undertaking TRC cost effectiveness
analysis, including supporting information, specific direction on key issues,
and the mathematical formulae and recommendations related to data
requirements and collection techniques; and,
2. A detailed Assumptions and Measures List that provides all requisite TRC
input data for a selection of over 100 measures. This list covers a range
of typical CDM activities/technologies in residential, commercial and
industrial applications. Furthermore:
• all data is provided on a per unit basis and includes electricity savings,
cost, equipment life and free rider estimates, where appropriate;
• all the information is provided in comparison to a reference case and
classified by the decision or installation type – new, retrofit, or
replacement.
In combination these two elements provide users with the required information to
undertake a TRC analysis.
1
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The Guide is organized as follows:
Section 1 provides a background on CDM and TRC analysis including the
formulae used and a discussion of costs and benefits. 3
Section 2 focuses on a number of factors and adjustments that affect the TRC
test. These include discount rates, free riders, equipment life and persistence.
Section 3 examines issues related to tracking, reporting and evaluating CDM
programs.
Section 4 builds on the issues identified in Section 3 and provides examples of
how to perform a TRC test screening analysis at the technology, program and
portfolio level.
Section 5 consists of the Assumptions and Measures List which is the savings
data and required assumptions for most residential, commercial and industrial
measures.
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A comprehensive history/overview of conservation in Ontario’s electricity and gas sectors is
available in Appendices A and B of the October 3, 2003 “Board Staff Discussion Paper on
Demand Side Management and Demand Response in the Ontario Energy Sectors.”
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1.0 The Total Resource Cost Model
Conservation and Demand Management programs consist of a set of activities
that a LDC undertakes in an attempt to alter the configuration or magnitude of a
customer’s load.
These activities can encompass a broad set of technologies, measures, market
interventions and promotional efforts all aimed at lowering or shifting the
customer’s demand or energy use.
CDM initiatives can be evaluated on the basis of a cost effectiveness test known
as the Total Resource Cost (TRC) test. The TRC test is defined as a test that
“measures the net costs of a demand-side management program as a resource
option based on the total costs of the program, including both the participant’s
and the LDC’s costs” 4
The TRC test measures the benefits and costs of CDM efforts from a societal
perspective. Under the TRC test, benefits are driven by the avoided resource
costs. Costs in the TRC test are the costs of any CDM equipment and the
program support costs associated with delivering that equipment to the
marketplace.
Benefits
Avoided electrical supply costs
Other avoided resource costs

Costs
Equipment costs
LDC program costs

1.1 TRC Calculation
Evaluating the cost effectiveness of CDM is done in stages at many different
levels, including technology or measure, program, and then portfolio. The TRC
tests can be performed at each level.
At the most detailed level, a TRC test will be performed to evaluate the cost
effectiveness of a measure or technology. Once a technology has proven to be
cost effective, a program may be designed using that technology. Once the
program costs have been assessed, the TRC test will be performed again to
evaluate the cost effectiveness of the program. Finally, several programs are
bundled together, further indirect costs are included and the TRC test is carried
out once again to evaluate the cost effectiveness of the portfolio. This three
layered structure; technology or measure, program, and portfolio is key to
performing TRC analyses. Figure 1.1 illustrates the “bottom-up” screening
process used to develop a CDM portfolio.
4

California Public Utilities Commission. (1987) Standard Practice Manual: Economic Analysis of
Demand-Side Management Programs
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Figure 1.1 Structure of a CDM Portfolio
Data and Assumption Requirements

Indirect costs including overhead,
administration, monitoring and evaluation
and portfolio auditing

Program direct costs, expected
participation, free–ridership rates,
attribution levels, persistence factors

Technology/equipment cost, equipments
life, savings estimates

The results of the TRC test should be expressed as a net present value (NPV).
As a NPV assessment, the TRC test sums the streams of benefits and costs over
the lifetime of the equipment/technology and uses a discount rate to express
these streams as a single “current year” value. 5 Thus, the NPVTRC is the net
discounted value of the benefits and costs over a specified period of time (usually
dictated by the equipment life of the CDM technology).
The TRC test is a measure of the change in the total resource costs to society,
excluding externalities, due to the CDM program. If the NPVTRC is positive,
indicating that benefits exceed costs, the program is considered cost effective
from a societal perspective.
1.1.1 Formula for Performing TRC Test
The TRC test examines streams of benefits and costs and uses discounting
principles to express these future values as a single number. The benefits stem
from the avoided resource costs, typically electricity. The costs are the cost of
the equipment and the LDC program costs. Subtracting the costs from the

5

Discounting is a standard accounting principle which converts future monetary values into
current values.
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benefits provides the net benefits. For a program to be considered cost effective,
the net benefits must be greater than zero.
The NPVTRC formula is as follows:
Figure 1.2: Net Present ValueTRC Formula

NPVTRC = BTRC − CTRC
where;

N
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t −1
(
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and,
Btrc = the benefits of the program
Ctrc = the costs of the program
UACt = LDC avoided costs in year t
UCt = LDC program costs in year t
PCt = Participant cost in year t
N = Number of years for the analysis, (i.e: the equipment life of the CDM
technology)
d = Discount rate as approved by the OEB 6
B

1.2 Benefits: Avoided Costs
The TRC assesses CDM costs and benefits from a societal perspective. The
benefits are defined as “avoided costs”. This represents the benefit to society of
not having to provide an extra unit of supply – typically expressed as kW and/or
kWh. For electricity, supply costs include generation, transmission and
distribution including losses.

6

Consistent with the Electricity Distribution Rate Handbook and the Distribution System Code, for
the purpose of calculating the net present value, LDCs must use a discount rate equal to the
incremental after-tax cost of capital, based on the prospective capital mix, debt and preference
share cost rates, and the latest approved rate of return on common equity.
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Certain CDM programs will have other benefits including other energy sources
and water savings. While these savings are not the primary target of the
program, the TRC test will accommodate the assessment of savings of other
resources including natural gas, heating fuel oil, propane or water. In these
cases, the benefits accrue from the avoided costs associated with these
resources. LDCs wishing to assess resource savings stemming from other
energy forms or water will need to use avoided cost estimates for those
resources in the same manner that electricity avoided costs are used. The
extent to which these savings can be included in the benefits calculation is
addressed in section 2.3 on attribution.
The TRC test requires an analysis over the life-cycle of the CDM measure. To
accommodate this, long-term projections of avoided costs are required. Also,
any CDM measures included in the analysis must have equipment life estimates
along with estimates of savings and costs.
Not all of the avoided cost components and sub-components will be relevant for
evaluating a particular CDM measure or program. For example, a program
designed to shift load during peak hours may have little impact on annual energy
use. Each potential CDM measure or program must be examined carefully to
determine which types of loads will be avoided and which avoided costs apply.
Estimating the electrical avoided costs applicable to each customer class
requires a number of analytical steps:
1.
2.
3.
4.
5.

estimate marginal generation costs of capacity and energy;
estimate marginal transmission costs;
estimate marginal distribution costs;
determine the appropriate costing periods; and
attribute marginal costs to the costing periods.

Marginal costs studies typically involve detailed analyses starting with an
understanding of the current costs for generation, transmission and distribution.
Marginal costs have been developed for both capacity and energy. Capacity
costs accommodate the costs of building and maintaining new generating plants,
transmission and distribution systems to meet increases in peak demand.
Energy costs measure the additional fuel and variable operating costs required to
produce an extra kWh of energy. Energy costs can fluctuate on an hourly basis
depending on the load level being served and the types of generating resources
available in the market.
For Ontario, avoided costs have been developed for seasonal peak, mid-peak
and off peak as well as for generation and transmission capacity. The report
entitled “Avoided Cost Analysis for the Evaluation of CDM Measures” (Avoided
Cost Study) filed with the Board by Hydro One Networks Inc. on June 15, 2005 is
to be used in assessing CDM technologies, programs and portfolios for TRC
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analysis. Hydro One also submitted a preliminary evaluation of their distribution
system capacity avoided costs. A copy of the submission is available on the
Board’s Web Site at:
http://www.oeb.gov.on.ca/documents/dcdm_hydro_acar_170605.pdf

1.2.1 Instructions on Using the Avoided Cost Analysis for the
Evaluation of CDM Measures
The Avoided Cost Study consists of a set of avoided costs including seasonal
and time adjusted energy and generation and transmission capacity. Distributors
are expected to use these avoided costs in performing TRC test cost
effectiveness analysis.
Distributors should use the values provided in Table 21 of the Avoided Cost
Study for energy, generation and transmission capacity avoided costs.
Distributors should also use the values provided by Hydro One in Attachment B
for the value of distribution system capacity avoided cost. Where a distributor
wishes to use a different value for the distribution system capacity avoided cost,
they must provide evidence supporting the variation.
Distributors should include the value of the avoided capacity costs to those
projects which reduce load during system peaks. Since the Ontario load profile
is summer peaking, only those measures which reduce load during the summer
shall apply the avoided cost of system capacity.

1.2.2 Losses on the Distribution System
The Avoided Cost Study includes, in the energy avoided costs, a gross up for
marginal losses on the transmission system. The Avoided Cost Study does not
include a gross up for losses on the distribution system. While the Board
recognizes that losses vary from distributor to distributor, for the purposes of cost
effectiveness assessments distributors should use the industry average losses
on the distribution system of 4%.
1.2.3 Electrical Energy and Demand Savings
The benefits in the TRC test are driven by the annual energy (kWh/yr) and
demand (kW) savings. Energy and demand savings are often calculated at the
technology level and are commonly referred to as “prescriptive” savings
estimates. For programs that rely on prescriptive savings estimates, savings are
calculated by multiplying the per unit (i.e. single technology) savings with the
number of units installed.
Savings and technology costs must be defined relative to a frame of reference or
“base case”. To accurately specify the impacts of any given technology, the
analyst must know what would have happened in the absence of the technology.

7

This represents the frame of reference or base case for the analysis. In practice,
specifying savings relative to a frame of reference can be simply characterized
by the three general decision types:
•
•
•

new;
replacement; or
retrofit.

Table1.1 shows how the frame of reference assumption can dramatically alter
the energy savings estimates. The example assumes that a LDC may wish to
offer a program targeting replacement of old refrigerators with Energy StarTM
refrigerators, or may offer a program that targets the complete removal of old
refrigerators. 7
Table 1.1: Example of Replacement and Removal Programs
Decision / Program
a) Replace old
refrigerator with a
new one
b) Retire and
remove old
refrigerator

Existing
Equipment
1960’s vintage
refrigerator
using 1,500
kWh/yr
1960’s vintage
refrigerator
using 1200
kWh/yr

Base Case

Equipment

Savings

Standard
refrigerator
using 514
kWh/year
Keep using
existing
refrigerator

New Energy Star
refrigerator using
440 kWh/yr

Base Case – Energy
Star
514 – 440 = 74 kWh/yr
1200 kWh/yr

In this example, depending if the old refrigerator is replaced or completely
removed (i.e. different base cases), there is a significant difference in the savings
estimates.
a) In the case of the replacement, the LDC must estimate the energy use for both
the “base case” equipment (i.e. the standard refrigerator) and the Energy StarTM
higher efficiency refrigerator. In this case, the base case refrigerator uses 514
kWh/yr while the energy efficient refrigerator uses 440 kWh/yr. Since the
program targets the installation of an Energy StarTM refrigerator over the base
case option, the difference of 74 kWh/yr is the appropriate savings estimate for
the program.
b) For the removal program there is no replacement with either a base case or
energy efficient model. Since the program encourages the removal of the old
refrigerator, the appropriate savings estimate is 1200 kWh/year.
Load impacts must be defined in a manner consistent with other assumptions in
the CDM program assessments. Impacts must be calculated over the same time
7

Where the unit would be the second refrigerator in the home.
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horizon used in the program design and for the same costing periods used in
defining the marginal costs. Impacts must also be consistent with the base case
option used to measure incremental costs (see 1.3.1 - Equipment Costs).
1.2.4 Equipment Life
In the TRC analysis, equipment life is used to determine the time period over
which the Net Present Value analysis is carried out. The benefits (i.e. energy
and load savings) from an energy efficient piece of equipment are assumed to
persist for the life of the equipment. Equipment life is estimated based on the
nature of the equipment and an assumed usage pattern. The Assumptions and
Measure List in this Guide provides a number of energy efficient equipment types
and their estimated equipment lives, along with the energy and load savings and
cost estimates.
An important consideration when assessing equipment life is the potential
difference between the energy efficient equipment and the “base case”
equipment that is being replaced. A simplifying assumption is that the energy
efficient equipment lives are the same as the base case and for many cases this
will be true. However, there are some technologies (such as lighting) where the
energy efficient equipment may have a much longer life than the base case
equipment. For example, a compact fluorescent bulb has an equipment life of up
to 10,000 hours and would replace an incandescent bulb which has an
equipment life of 1,000 hours. To accommodate this difference in the TRC
analysis, the savings are assumed to persist for the entire 10,000 hours and the
incremental cost must be adjusted to reflect the avoided purchase of 10
incandescent bulbs. This has the effect of enhancing the cost effectiveness of
the compact fluorescent bulb measure. The cost data provided in the
Assumptions and Measures List reflect this adjustment for technologies where it
is appropriate.
1.3 Costs
This section discusses how costs, such as those provided in the Assumptions
and Measures List in Part 2 are derived.
The TRC includes two types of CDM costs:
(1) equipment costs; and,
(2) program costs.
1.3.1 Equipment Costs
Typically in CDM programs, equipment costs are paid by the
participant/customer. Customer equipment costs (sometimes termed “Participant
costs”) are the costs to purchase the more efficient equipment. They include
both capital and operating and maintenance (O&M) costs associated with the
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CDM program. It is important to note that the TRC test is not sensitive as to who
(LDC or customer) pays the cost of the equipment.
Customer costs can be incremental or full cost depending upon the nature of the
energy efficiency investment decision. Incremental equipment costs are defined
as the cost of the energy efficient technology above the base case technology.
In the same way that the base case is important for specifying the savings, it is
also important for specifying the cost of the energy efficient equipment. For
example, in a replacement scenario, the cost of the energy efficient technology is
typically incremental. In a retrofit or discretionary investment case, the cost of
the energy efficient technology would be the full cost of the equipment.
Equipment costs, whether paid by the customer or the LDC, including purchase
and installation, must always be defined relative to a base case. It is not enough
to know the installed cost associated with the energy efficient equipment used in
the program. To calculate the impact of the program, the cost of the equipment
that would have been purchased in the absence of the program, the base case,
must also be known. The appropriate specification of incremental cost for use in
the TRC analysis is the difference between the base case and the energy
efficient purchase. Table 1.2 uses the same refrigerator example as in section
1.1 to show how the costs will vary depending upon the base case assumption.
As in the case of savings, there are typically three generic categories for
specifying equipment costs, representing the type of investment decision:
•
•
•

new;
replacement; or,
retrofit.

Table 1.2: Understanding Incremental Costs for TRC Analysis
Decision / Program
Replace old refrigerator

Retire and remove old
fridge

Baseline
Equipment
1960’s vintage
refrigerator using
1200 kWh/yr

1960’s vintage
refrigerator using
1200 kWh/yr

Equipment Cost

Cost 8

Base Case
refrigerator:
$1,000
Energy Star
refrigerator:
$1,070
$0

“Energy Star” – Base Case
fridge
$1,070 – $1,000 = $70

Removal fee estimated to be
$100

Table 1.2 shows two scenarios a) replacement and b) removal as in Table 1.1.

8

Costs are provided for illustrative purposes only. Actual costs for the equipment will vary.
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a) The replacement scenario requires knowledge about both the cost of the base
case equipment and the energy efficient equipment. The cost to be used in the
TRC analysis is the difference between the two.
b) For the refrigerator removal scenario the only costs of the program are those
for removal and disposal.
The information sources for equipment costs will vary. For residential equipment,
retail store prices are appropriate sources for many technologies including
lighting, appliances and “do-it-yourself” water heater or thermal envelope
upgrades. It is common practice to specify an average price based on a sample
of retail prices. For commercial and industrial equipment cost data can be more
complicated to acquire due to limited access and confidentiality concerns. For
larger “custom” projects, invoices or purchase orders may be necessary to
support the cost estimate.
Equipment that requires O&M expenditures is often not incremental (i.e. those
costs would have been incurred in the base case anyway). However, if the
energy efficient equipment requires significantly more maintenance than its less
energy efficient counterpart, the incremental O&M costs need to be factored into
the TRC analysis. There will be exceptions and a proper TRC analysis should
incorporate these.
1.3.2 CDM Program Costs
From the perspective of the TRC test, CDM program costs are those incurred by
the LDC. These costs include the marketing and support costs associated with
delivering the CDM activity. Participant or customer incentive costs, which are
considered transfers in the TRC test are not included in the analysis. This
section also discusses the issue of customer incentives for CDM programs. LDC
costs typically cover a number of activities such as marketing and advertising,
consulting, channel support, monitoring and evaluation.
There are five major categories of LDC costs:
i.
ii.
iii.
iv.
v.

development and startup;
promotion;
equipment and installation;
monitoring and evaluation; and
administration.

In practice, all of these costs can be expected for programs that electric LDCs in
Ontario might be considering.
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i. Development and startup costs
Development and startup costs are different from on-going operating costs. For
example, initial costs may be incurred to train LDC staff in the use of the
equipment or techniques inherent in a program and usually occur at the early
stages of the program’s life. Costs of developing CDM plans and procedures are
often concentrated in the early program years. In general, start-up costs are only
a small component of the total costs in the life cycle of a CDM program.
ii. Promotion costs
Promotion costs may be incurred to educate the customer about a CDM program
and will vary by program type and level of promotional effort. The cost of
promotion depends on the method employed, the market segment and the CDM
measures promoted. The best methods for program promotion involve trade-offs
between increases in promotion costs and expected increases in participation.
Table 1.3 Some Methods of Promotion
Type of Contact
Personal contact with LDC representative

Other direct LDC contact
Mass media
Trade allies

Tactics
Telemarketing
Customer service campaign
Door-to-door campaign
Bill stuffers
Direct Mail
Print/flyers
Television/Radio
Equipment vendors
Equipment installers

Note on LDC Costs for Customer Incentives
Since the TRC test is an evaluation of a CDM program at a societal level, it is not
sensitive to who (LDC or participant) pays the equipment costs of a CDM
initiative (i.e. society benefits regardless of who pays for the energy efficient
equipment). The appropriate costs to be included in the TRC analysis are the
equipment and program delivery costs. Therefore, incentive payments from the
LDC to a customer for participation in a program are not a component of the TRC
analysis. The incentive merely represents a transfer between two potential
purchasers of the equipment.
Many CDM programs involve some form of transfer payment (i.e. incentive)
between LDCs and participants. They are generally characterized as follows:
•
•

rebates;
loans and leases;
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•
•

shared savings arrangements; or,
participation fees.

While incentives primarily serve to improve the economic attractiveness of CDM
investments for the customer, they also serve to increase customer awareness of
the programs. As well, an incentive creates a specific paper trail that LDCs can
use as part of their tracking and evaluation activities.
Utilities are free to design incentive schemes specific to their customers. Often,
payback criteria or rebates are used in incentive design. This approach is often
more important to commercial and industrial customers. For these customers,
many utilities favour an approach that lowers the payback to a specific threshold,
or ensures that incentives are only applied to projects with paybacks above a
certain threshold.
An alternative approach is to gauge rebate levels relative to the incremental
capital cost of the CDM technology compared to a standard technology that
would have been installed in the absence of the program. Rebates are often set
at some percentage of incremental cost. In practice, those percentages vary
from a fraction of the incremental cost to completely off-setting incremental cost.
iii. LDC Equipment and Installation Costs
LDC equipment and installation costs include the costs of any LDC devices
needed to operate the programs such as specialized software or tools as well as
any CDM measures directly installed by the LDC such as load controllers.
iv. Monitoring and Evaluation Costs
This section focuses only on the cost to the LDC to monitor and evaluate a CDM
portfolio. A detailed discussion on the nature of tracking, monitoring and
evaluation is provided in Section 3.
There are two broad categories of evaluation activity: impact evaluation and
process evaluation. Impact evaluation focuses on the specific impacts of the
program – for example, savings and costs. Process evaluation focuses on the
effectiveness of the program design – for example through the delivery channel
approach. The costs associated with each of these activities are program costs
that need to be included in the TRC analysis. Some of these costs will be
assigned directly to a specific program or programs, while a portion of the costs
are more appropriately assigned across all programs (i.e. at the CDM portfolio
level).
Monitoring and evaluation costs are incurred for systems, equipment and studies
necessary to track measurable levels of program success (participants, load
impacts and costs) as well as to evaluate the features driving program success
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or failure. It is important to develop the necessary tracking systems at the time of
program design. At a minimum, the tracking system must collect information on
the key components that drive the TRC test, including:
•
•
•
•

number of participants/installations;
energy and seasonal demand savings;
cost of equipment; and,
LDC program and incentive costs.

Prescriptive load savings and cost values for most equipment are listed in the
Assumptions and Measures List of this Guide.
To facilitate evaluations of CDM programs and results, LDCs must have clearly
documented “paper trails” on the elements that drive a savings claim.
v. Administrative costs
Administrative costs are generally the costs of staff who work on CDM activities.
These costs are often differentiated between support and operations staff.
Support staff costs are considered fixed costs or “overhead” that occur
regardless of the level of customer participation in the programs. Operations
staff costs are variable, depending on the level of customer participation. LDCs
must include all staff salaries that are attributable to CDM programs as part of the
costs in the TRC analysis.
For an accurate TRC assessment, the LDC must ensure that all non-incentive
costs associated with designing, operating and tracking the programs are
accounted for in its TRC analysis.
1.3.3 Categorizing Costs
As a matter of practice and for ease of performing cost effectiveness testing,
many utilities categorize costs as either direct or indirect.
Direct costs can be clearly allocated to a particular program and may include
marketing, consulting and field staff costs among others. Direct costs factor into
the program level cost effectiveness analysis. Indirect costs can not be easily
allocated to any particular program. These costs include overhead,
administration and monitoring and evaluation. Indirect costs are typically
incurred at the portfolio level and included in the portfolio cost effectiveness
analysis.
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2.0 Adjustment factors in the TRC Test
In performing a TRC analysis, several adjustments must be made to the benefits
side of the equation. These adjustments include:
•
•
•

free ridership of participants;
attribution of the benefits, and
persistence of the measures.

2.1 Free Riders
Free rider adjustments are one of the key components for the TRC test. The
standard definition of a free rider is “a program participant who would have
installed a measure on his or her own initiative even without the program”. 9
Free ridership assessment is critical for the accuracy of cost-effectiveness
evaluations.
Costs and benefits associated with free-ridership should be assessed as part of
the TRC analysis. In determining overall savings, these participants are
excluded from the benefits attributed to the program. The equipment costs
associated with these participants is similarly excluded from cost side of the
equation. 10 However, it should be noted that all program costs associated with
free riders must be included in the analysis. As such, programs that have high
free ridership are self-evident in the marketplace (i.e. they do not rely on a LDC
subsidy) and therefore are less cost effective for the LDC to pursue since the
program costs are included in the TRC calculation while the benefits are not.
Free rider estimates are established through market studies and initial values
have been provided in the Assumptions and Measures List.
2.2 Attribution
A fundamental issue for the evaluation of CDM programs is whether the effects
observed after the intervention occurs can be attributed to the intervention under
evaluation (otherwise known as causality).
Since it can be expected that there will be multiple delivery points of CDM,
including other electric LDCs, gas LDCs, electric retailers, gas marketers, the
Ontario Power Authority and various levels of government, it is important to
understand the Board’s guidelines for the attribution of benefits especially in light
of a potential claim for shareholder incentive.
9

Violette, Daniel M. (1995) Evaluation, Verification, and Performance Measurement of Energy
Efficiency Programs. Report prepared for the International Energy Agency.
10
Eto, J. (1998) Guidelines for Assessing the Value and Cost-effectiveness of Regional Market
Transformation Initiatives. Northeast Energy Efficiency Partnership, Inc.
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This section outlines the guidelines for attributing benefits between OEB
regulated CDM delivery utilities and for savings associated with other resources.
While attribution is not a true adjustment to the TRC test, this issue is important
for those utilities that plan on seeking a shareholder incentive. The Board advises
LDCs that they are allowed to claim 100% of the benefits associated with a CDM
program in which they jointly market and deliver the program with a non-rate
regulated third party.
2.3.1 Attribution Guidelines for CDM Programs
The formula for determining savings associated with a CDM program is:
Savings = (UATES) x (NUD) x (1-FRR)
where;
Savings – kWh/yr and/or other resource measure;
UATES – Unit Annual Total Energy Savings
NUD – Number of Units Delivered
FRR – Free Ridership Rate
In order to estimate the savings attributable to the LDC an attribution rate is
added to the previous formula to get:
Attributable Savings = (UATES) x (NUD) x (1-FRR) x (AR)
where;
AR – Attribution Rate
In most cases, the attribution rate will be 1.0, indicating that the LDC should
claim in its TRC calculation all of the benefits associated with the CDM program.
Where a given CDM program is targeted at an end use that has two or more
energy sources in the marketplace, a variable must be added to the formula to
calculate the primary energy savings as follows:
Attributable Savings = (UATES) x (NUD) x (1-FRR) x (AR) x (EUMS)
where;
EUMS – End-Use Market Share
In this instance the savings associated with any energy sources must be
adjusted to the extent the energy source is used for a given end use. A common
example of this type of adjustment would be a low-flow shower head program.
Resource savings associated with this program must be adjusted, by the EUMS
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term, to the extent that the resource is used for the given end use (i.e. electrical
versus gas hot water heating).
The following discussion consists of the Board Guideline on the attribution of
benefits between regulated delivery utilities.
Case 1- Programs delivered jointly by LDCs with single energy savings (i.e.
electricity):
In this case, several LDCs work together to jointly market and deliver a CDM
program. Each participating LDC is allowed to claim the benefits associated with
the program (electricity and water) in their service area. The determining factors
are the location of the participants and the benefits associated with the program.
No consideration is given to the proportional amount of funds that each
participating LDC invested in the program.
Therefore, in this case, the Attributable Savings would be:
Attributable Savings = (UATES) x (NUDSA) x (1-FRR) x (AR)
NUDSA - number of units delivered in a LDC’s service area.
AR = 1
Case 2 – Multi energy savings in cross sector (gas and electricity) jointly
delivered CDM:
In this case, a gas and electric LDC jointly market and deliver a CDM program.
Each participating LDC is allowed to claim all of the benefits associated with the
CDM program of the energy type they distribute regardless of the investment
amount (i.e.: gas LDCs would claim the gas savings and electricity LDCs would
claim the electricity demand and energy savings). Other benefits, such as water
savings, need to be allocated between the gas and electric LDC partners
proportionally based on the dollar value of TRC savings of that program (i.e.
where electricity savings represent 60% of the TRC savings of a program, the
electric LDC will claim 60% of the water savings).

Case 3 - Multi energy savings-individually delivered DSM/CDM programs:
In this case, a LDC works independently to market and deliver a CDM program.
The LDC’s program may have energy savings additional to the primary energy
savings targeted by the program. Common examples of these are Low Flow
Shower Head and Programmable Thermostat programs. In these cases, the
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benefits of the programs will be electricity demand and energy as well as other
energy savings. Therefore, the total savings formula would be:
ASprimary energy + ASother energy
ASprimary energy = (UATES) x (NUD) x (1-FRR) x (AR) x (EUMS)
ASother energy = (UATES) x (NUD) x (1-FRR) x (OEAR) x (1 - EUMS)
where:
OEAR – alternative energy attribution rate
In this case, the OEAR would be set to 1.0, indicating that the LDC delivering the
CDM initiative could include all of the benefits associated with the other energy
savings in the TRC calculation.
2.4 Persistence
Persistence is a measure of how long a CDM measure is kept in place by the
customer. Persistence is important for all energy efficiency interventions as a
lack of persistence can have very significant effects on overall net program
savings estimates. For example, if an energy efficient measure with a 15-year
lifetime is removed after only two years, most of the savings thought to result
from that installation will not materialize.
There is a compelling argument for accounting for persistence in the assessment
of CDM cost effectiveness, especially for measures which are easily retrofitted
such as compact fluorescent light bulbs. However, at this time, LDCs should
assume 100% persistence in assessing CDM cost effectiveness unless
otherwise updated by the Board.

3.0

Tracking and Measuring CDM Program Results

This section focuses on the requirements for tracking and measuring the effects
of CDM programs.
Requirements for three types of programs are examined:
1. Direct acquisition programs are programs that have clear causality
between LDC activity and energy savings.
2. Market support/outreach programs are programs in which the LDC
supports outreach or educational efforts which generally promote the
energy efficiency message, but where savings are indirect and it is difficult
to see a clear cause and effect relationship.
3. Custom projects are programs that are generally large or complex in
nature and often include a variety of individual measures and targeted at a
specific customer.
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3.1 Tracking of Direct Acquisition Programs
Direct acquisition programs are relatively easy to track and measure. Tracking
requirements represent one of the administrative functions of program delivery.
While the specifics will vary for each type of program, there is a need to show
clear cause and effect between the LDC’s activities and the customer’s load
reduction. In direct acquisition programs, this is often precipitated by the
processing of a participant incentive. LDCs will need to have systems for
collecting of relevant information for each program, including:
•
•
•
•
•
•
•

technology type;
number of installations;
savings estimates;
equipment cost estimates;
customer address or location;
delivery channel; and,
incentive amount.

It may not be feasible to collect all information for all programs. For example, a
program delivered by a retailer that relies on in-store coupons will likely not have
the means to track who actually used the coupons and received the product(s).
However, the retailer can be expected to track information about the number of
coupons turned in, and the LDC’s tracking system could then calculate the
resulting cost to the LDC. With this information, the LDC can then calculate the
savings and equipment cost and combine the information with equipment life,
free rider estimates and program costs - resulting in both a tracking report and
the requirements for the TRC analysis.

In the case of a program delivered by a third party, the tracking requirements will
include reports that the delivery partner provides to the LDC. These reports
should provide details on the customer visits, including address and equipment
installed.
3.2 Tracking of Market Support Programs
Load reductions from CDM activities related to training, public outreach and the
general provision of information on efficient energy use are difficult to track,
measure and establish clear causality. Since market support programs typically
do not result in direct demand or energy savings, other assessment criteria must
be used to assess their validity. Table 3.1 provides a sample of potential tracking
activities that might accompany the delivery of these programs. Each market
support activity should attempt to have at least one metric.
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Table 3.1.

Sample Market Support Assessment Criteria

Support
Web-site calculator

Metric
Number of hits

Training sessions
for contractors
Home shows

Number of sessions
Number of attendees
Number of giveaways

Design workshops

Number of professional
attendees

Additional Information
Survey re: usefulness of
website
Survey re: specific activities
undertaken by attendees
Survey re: energy efficient
appliances
Surveys re: design activities

3.3 Custom Projects
For a custom project (i.e. a LDC facilitates a complete audit and upgrade of a
facility) tracking requirements will include the type of equipment that was
installed, the related savings and equipment cost and any LDC support costs.
Since custom projects usually involve specialized equipment, savings estimates
must be assessed accordingly. It is expected that each custom project will
incorporate a professional engineering assessment of the savings. This
assessment would serve as the primary documentation for a savings claim.
A special audit program must be implemented for custom projects. The audit
should be conducted on a random sample consisting of 10% of the large custom
projects; and the projects should represent at least 10% of the total volume
savings of all custom projects. The minimum number of projects to audit would
be 5 and the free rider rate for these projects would be 30%. The audit will focus
on verifying the equipment installation and estimates of savings and equipment
cost. The audit will also examine the role of the LDC in delivering or facilitating
the project.

4.0

How to Calculate TRC

This section provides details of how to perform a TRC analysis with examples for
a single technology calculation, a program calculation and an entire portfolio of
programs.
As discussed earlier, a LDC’s CDM portfolio is the highest level envelope
incorporating all of the costs not captured at the technology and program level.
Therefore, a CDM portfolio consists of set of cost effective CDM programs.
Similarly, a CDM program is designed around a given cost effective measure or
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technology. 11 Cost effectiveness screening is assessed at each level of a LDC’s
CDM initiative.
The TRC calculation relies on estimates of:
• avoided cost;
• demand and energy savings;
• equipment cost;
• LDC program costs;
• equipment life;
• free ridership.
These estimates are used in a standard NPV calculation that relies on a discount
rate to express a value for future streams of money and to determine a cost
effectiveness result in current dollars.
4.1 Calculating the TRC for a Single Technology – Technology Screening
Analysis
In its simplest form, the single technology screening analysis calculates the cost
effectiveness of a single piece of equipment or technology based purely on its
energy efficiency characteristics, its cost and equipment life. This screening
analysis is the initial step in considering technologies for inclusion in a CDM
program.
To perform the technology screening analysis, the required elements are:
• estimate of per unit savings (kW and kWh) by period;
• estimate of equipment cost; and
• expected equipment life.
This is a simple cost benefit analysis of the technology on a single unit basis.
Calculating the benefits: The benefits are expressed as the product of the per
unit savings (in kW and/or kWh) and the avoided costs. This calculation is done
for every year of the life of the equipment. These values are then discounted and
summed to express the benefits as a single NPVbenefits.
Calculating the costs: The equipment cost is the cost of the technology,
expressed as either its full or incremental cost. In most cases, the cost of the
technology is incurred at the beginning of the initiative and no further costs are
incurred over the life of the equipment (i.e. a CFL bulb). However, where the
energy efficient equipment has ongoing maintenance costs incremental to the
base case alternative, these costs should be included in the analysis and
11

An LDC may wish to undertake programming on non-cost effective technologies in the form of
pilot programs or test efforts as part of a market support or market research activity. The
rationale for these activities must be clearly identified.
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discounted appropriately. Once this calculation is performed, it is expressed as a
single NPVcosts.
Example 1: Technology Screening Analysis
In this example, a compact fluorescent light bulb replaces a standard
incandescent bulb in a residential application.
Measure:
Technology:
Savings:
Equipment Cost:
Equipment Life:
Discount rate:

Replace 60 W incandescent bulb
15 W Compact fluorescent bulb
104 kWh/yr
$2.00
4 years
7.5%

The calculations and tables in Appendix B show that the net present value per
unit is $23.75.
The results of this technology screening analysis indicate that at the technology
level, the proposed measure is cost effective and could be promoted to the
program screening analysis for further evaluation.
Example 2: Technology Screening Analysis
In this example, a low flow showerhead replaces an inefficient showerhead in a
standard residential application. There are both electricity and water savings that
are assessed in the TRC analysis. The savings, equipment cost and equipment
life are provided in the Assumptions and Measures List.
Measure:
Technology:
Electricity Savings:
Water Savings:
Equipment Cost:
Equipment Life:
Discount rate:

Install low flow showerhead
9.4 litre/minute low flow showerhead
545 kWh/yr
26,800 litres/year or 26.8 m3/yr
$7.00
12 years
10%

The following TRC benefit calculation is identical to Example 1 except that the
benefits associated with water savings are incorporated.
The calculations and tables in Appendix B show that the NPVTechnology is $469.00
per unit.
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4.2 Calculating the TRC for a Program – Program Screening Analysis
Once a measure has passed the technology screening analysis, the analyst may
wish to design a program that uses the technology. The program screening
analysis combines the results of the individual technology analysis with the key
program components, including number of participants, free ridership rates and
direct LDC program costs. The program screening analysis repeats the same
approach as defined in section 4.1 with the inclusion of the adjustment factors to
assess the measure at the program level.
Example: Program Screening Analysis
Using the technology from Example 1 above, a program screening analysis
would incorporate the following adjustments, given the following assumption:
Participant number:
Free rider rate:
Direct program cost:
Equipment cost

10,000
10%
$75,000 ∗
$20,000

Therefore, the NPVProgram is as follows:
NPV of Program Benefits
NPV of Program Benefits (net of free riders)
Direct Program Costs
Equipment Cost (Participant costs net of free
riders)
Program NPV Program

237,500
213,750
(75,000)
(18,000)
120,750

Using the technology from Example 2 above, a program screening analysis
would incorporate the following adjustments, given the following assumptions:
Participant number:
Free rider rate:
Direct program cost:
Equipment cost:

1,000
10%
$50,000 ∗
$7,000

Therefore, the NPVProgram is as follows:
NPV Program Benefits
Program NPV net of Free Riders (1-FRR)
Direct Program Costs
Equipment Cost (net of free riders)
Program NPV Program :

∗

469,000
422,100
(50,000)
(6,300)
365,800

Costs are for illustrative purposes only.
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4.3 Calculating the TRC for a Portfolio - Portfolio Screening Analysis
Once the LDC has screened all of its programs and is comfortable with the
program designs, the overall cost effectiveness of the portfolio needs to be
tested. To do this, the LDC will sum the program TRC results and then allocate
administrative and any market support costs (indirect costs) to the entire
portfolio. Administrative costs include overhead, monitoring and evaluation costs
and administration costs associated with the delivery of the overall CDM portfolio.
This roll-up value represents the TRC result for the entire CDM programming
activity.
Example: Portfolio Screening Analysis
Assuming a LDC planned to deliver only the two programs discussed above; the
following consists of a theoretical portfolio screening analysis.
Assuming a LDC has indirect costs of administration, market support, overhead
and monitoring and evaluation of $200,000. ∗ The NPV of the portfolio would be
as follows:
Program 1 NPV Program :

120,750

Program 2 NPV Program :

365,800

NPV of Total Indirect Costs
NPV TRC

(200,000)
286,550

Therefore, the NPVTRC of this portfolio is $286,550.
4.4 Using TRC Analysis for Post Program Evaluation
The TRC calculation done at the end of a program year follows exactly the same
approach using the “actual” information collected as part of the tracking and
reporting exercises as opposed to estimates.

* Costs are for illustrative purposes only.
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5.0 Assumptions and Measures List
The Assumptions and Measures List data were developed using secondary
research, augmented by expert input as required. All data points were crossreferenced with a minimum of two sources. Where possible, recent Canadian
experience and data was used. All savings data were based on an
understanding of average electricity loads in typical applications in each sector.
Cost data were collected from a variety of sources including retailers and
distributors. Free rider values are also provided for all measures. 12

12

While it is recognized that free ridership is appropriately applied at the program level, the
Assumptions and Measures List provides an estimate to facilitate cost effectiveness analysis.
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Appendix A: Glossary of Terms
Avoided Equipment Costs
The avoided equipment cost or base case equipment cost refers to the cost of
the equipment that the customer would have installed in absence of the program.
These costs cover all the out of pocket expenses that the customer would have
incurred for the standard equipment as compared to the high efficiency
equipment.

Base Case Technology
Energy impacts must always be defined relative to some frame of reference. The
base case technology variable represents the piece of equipment or technology
that is being replaced by a more efficient technology. The application of a base
case technology can vary, for example, in the case of a CDM program consisting
of a residential programmable thermostat; the base technology would be no
programmable thermostat. In the example of a program consisting of a high
efficiency furnace, the base case equipment would be the homeowner’s current
furnace. At a minimum the base case technology must be equal to or more
efficient that the technology benchmarks mandated in energy efficiency
standards.

Base Annual Energy Usage
Energy impacts are what drive the calculations for the supply cost savings and
revenue impacts. The base case technology energy usages are used to
determine the level of energy savings relative to the more efficient technology. It
is important to note that the energy usage is expressed in terms that relate to the
system supply costs. For example, there are typically several costing periods at
the system supply level; winter vs. summer, peak vs. off-peak.

Base Year
The base year refers to the first year of the program analysis. This year is
typically set to the current calendar year or the year of the LDC’s Conservation
Demand Management (CDM) portfolio.

Discount Rates used for CDM Cost Effectiveness Analysis
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Discount rate refers to the economic rate of interest that is used to convert a
future stream of dollars into current dollars. The resulting value is often termed
Net Present Value or NPV. In terms of a conservation or demand management
program, the discount rate is used to compare current and future demand and
energy savings with the costs of a CDM program investment.

Efficient Technology
The efficient technology variable refers to the more energy efficient technology
being used to replace the base case technology.

Efficiency Technology Energy Usage
The efficient technology energy usage represents the level of energy
consumption being used by the more efficient technology. As in the case of the
base case technology, the consumption must be expressed in terms that relate to
the system supply costs. For example, there are typically several costing periods
at the system supply level; winter vs. summer, peak vs. off-peak.

End –Use Market Share
The end-use market share is the market share of the end-use (i.e. electric or gas
hot water heaters) addressed by a measure (i.e. low flow shower heads) in the
sector (i.e. electricity or gas) to which the measure is targeted.

Equipment Costs
Customer equipment costs refer to all out of pocket expenses incurred by the
customer as a result of the high efficiency equipment. These costs are before
any rebate has been applied. Cost categories include:
•
•
•
•

Equipment costs, including provincial sales tax and G.S.T. and installation.
Operation and maintenance costs
Any removal costs (less salvage value)
Any other costs directly related to the customer’s equipment choice (i.e.
engineering consultation).

Equipment Life
The equipment life variable represents the number of years that the more
efficient equipment installed is assumed to produce energy savings. In most
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cases, the full life of the efficient equipment is applied; however, there may be
cases in which the efficient equipment may be installed prior to the end of the
useful life of the base case equipment. In such cases, using a number different
from the manufacturers’ equipment life expectancy is appropriate.

Free-rider
A free rider is a program participant who would have installed a measure on his
or her own without the CDM program. This participant simply uses the program
to offset the cost of installing or undertaking the energy efficient initiative.

Incentives
Incentives are any form of financial transfer from the LDC to the program
participant to encourage program participation. The most common form of
incentives is a rebate which is designed to help off set the cost of purchasing a
more expensive piece of equipment.

Avoided Costs
Avoided costs are the marginal costs that are avoided by not producing and
delivering the next unit of energy to the customer. Marginal costs (or avoided
costs) include generation, transmission and distribution costs. They measure the
expected change in the systems total costs due to a decrease or increase in load
and are calculated using either a short-run or long run perspective.

Measure
CDM programs are most often concerned with the use of equipment (i.e.
particular types of water heaters, appliances), technologies (i.e. cycling, timing,
heated water storing) or processes / procedures (i.e. equipment servicing /
maintenance / tune up) for the purpose of promoting energy efficiency. The terms
‘equipment’ and ‘technology’ often can be used interchangeably.
When the application of a technology, type of equipment, or procedure is used to
replace another technology or type of equipment, or procedure it is referred to as
the ‘measure’. A measure is therefore, an action to change one piece of
equipment for another.
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Program Participants
The number of participants or installations expected for the program. Typically
specified on an annual basis, this value is multiplied by the per unit impacts and
the free ridership level to generate the total savings for the program.

Third Party Rebates
This variable refers to any dollar discounts or rebates offered to the customer by
any other party other than the LDC (i.e. government or manufacturer) for the
purchase of an energy efficient technology. Third party rebates are not
considered in the Total Resource Cost Test, as it is considered a benefit to the
customer and a cost to the third party and therefore, cancel each other out.

LDC Costs
There are some broad categories of expenditure that must be considered when
developing a CDM portfolio of programs. These categories include:
•
•
•
•
•
•

Program development and start up costs
Program administration
Promotion and advertising
Capital Equipment
Monitoring and tracking
Evaluation
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Appendix B: Sample Calculations and Tables
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