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BASE ENERGY CONSERVATION - NATURAL GAS INDUSTRY

NARRATIVE:

The Gas Industry and the Electric Industry are as different as
baseball and football. About the only similarities are that both
gas and electricity will flow through or down a metallic pipe, and
both industries are regulated by governmental authorities. The
rules which govern the activities of these two industries should be
as different as the rules which govern play of baseball and

Historically, the rules which have been promulgated Dy
governmental authorities governing the activity of the Gas Industry
have paralleled and in many cases followed the rules which govern
the activity of the Electric Industry. This is especially true with
regard to "energy conservation" type programs and efforts which are
suppose to conserve limited base energy resources and reduce and/or
limit the increases in future Utility revenue requirements. The two
industries diverge rather than converge or parallel each other in
the "conservation™ area because of the basic inherent economic and
operating differences between the two industries.

The Electric Industry is characterized by high average
incremental costs associated with incremental load additions, and
high marginal energy costs associated with coincident system
peaking conditions. The Gas Industry is characterized by low
average incremental costs associated with incremental load
additions, and low marginal fuel cost differentials amsociated with
system peaking conditions. The two industries diverge in this
respect. So, if conservation of scarce resources, least cost
expansion options, and minimization of net present value of revenue
requirements are the objectives of "energy conservation® programs
and efforts, then the differences between the industries must be
captured and used to the benefit of each industry’s ratepayers in
a manner which generates the highest nat benefit to all ratepayers.
This will require a complete overhaul of the “energy conservation”
business and will reguire both industries to become energy
conservation allies rather than energy supply competitors.
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The cost to an Electric Utility to add one average residential
customer is almost 3.5 times the cost to a Gas Utility to add one
average residential customer. Indeed, the cost to an Electric
Utility to add one KW of incremental load to their system cost
almost (80%) as much as the total cost to add an entire residence
to the Gas system. The cost to add one KW of incremental electric
load to an Electric system cost over 30 times as much as adding an
incremental appliance to a Gas system. The Electric Industry is far
more "Capital Intensive" than the Gas Industry.

If cash-on-cash payback is considered when comparing the two
industries, the differences are even more profound. The revenue
flowing to an Electric Utility from either an average new
residential customer or an incremental additional KW of load will
pay back the capital costs to the Electric Utility in approxinately
five years. The average revenue flowing to a Gas vtility for the
addition of a new residence requires almost ten years to be
recovered; however, the Gas Utility only requires a few months (3
to 6) to recover the costs associated with incremental appliance
additions. This is dependant upon the type of gas appliance.

The Electric Utility Industry is presently confronted with
compliance with Phase I of the 1990 Clean Air Act Amendments. Most
of the strategies which many of the electric utilities are
implementing to gain compliance involve fuel switching (coal to
gas) at the power plant (base load) level. The other most commonly
used strategy employs "US Market-based Allowance Trading® which
involves utilities who are in compliance selling "air pollution
allowances" to utilities who need the allowances to gain
compliance. The cost of compliance, regardless of the strategy
and/or manner, will be recovered from the electric ratepayers
through an "Environmental Cost Recovery® factor similar to CCR. The
Compliance Plan Strategy must meet a least revenue requirement
and/or a least net present value of revenue requirements test. The
Gas Industry could be a major player in this process and increase
retail gas sales and lower incremental operating costs by devising
an "Environmental Credit" plan which in essence sells environmental
credits to electric utilities who need the credits to gain
compliance. In most cases this will positively impact the State
economy by keeping all credits, allowances, and/or funds within the
State.
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SYSTEM/APPLIANCE EFFICIENCY
VERSUS
END-USE ENERGY RATES

A reciprocating engine, a combustion turbine, and a steam
turbine all conform to the thermodynamic laws of nature. They all
have base efficiencies on the order of 25% to 45% without
considering any opportunities for waste heat recovery. Electric
motors exhibit efficiencies between 85% and 95%. The end-use system
efficiency (lighting, air conditioning, appliances, etc.) is not
impacted by the energy source efficiency; however, the overall
energy supply to energy consumption efficiency encompasses all
efficiencies from the base energy source through the end-use.

since low efficiency characterizes the power generation aspect
of the Electric Utility energy supply equation and the sare low
efficiency characterizes the intermediate conversion of natural gas
into mechanical force (compressor drive, generator drive, etc.) in
the energy supply equation for the Gas Industry, the two energy
suppliers compete with each other over g very narrow range of base
energy conversion efficiencies and a very broad range of end-use
efficiencies. This causes energy rates for both utility types (Gas
& Electric) to favor certain end-uses and they are at opposite ends
of the efficiency spectrum for each utility Erpa. Gas rates favor
low efficiency electric end-uses (water heating, lighting, small
appliances,etc.) and electric rates favor high efficiency gas end-
uses (air conditioning, refrigeration, etc.). The problem in
Florida is that the Electric Industry is confronted with Summer and
Winter weather sensitive electric demand and the Gas Industry is
confronted only with a Winter supply problem and it is associated
more with out of State supply problems. These differences cause the
peak related marginal cost of energy supply to be almost completely
non-coincident between the two industries. But, it offers great
opportunity if the two industries cooperate in a plan to minimize
the net present value of revenue requirements relative to common
customers (Gas & Electric).




The Electric Industry has developed very data intensive and
very mathematically rigorous methodologies for determining the
cost-effectiveness of both energy conservation and system demand
reducing programs. These methodologies and programs are founded in
the avoided costs associated with delaying and/or negating future
capital facilities expansion, and they are primarily directed at
minimizing the net present value of future revenue requirements --
reducing rate escalation and conserving expensive and scarce base
energy resources. There are basically two of these avoided cost
methodologies and one derives from a perspective of a prcgrams
impact upon future rates (primarily a ratepayer test). The other
derives from a perspective of a programs impact upon the various
resources available to an Electric Utility and maximizing the net
present value of the future benefits. In this methodology,
minimizing future costs and revenue requirements is paramount
(primarily a societal test). Capturing lost revenue and/or imbedded
facilities costs are not a primary concern in the latter
perspective.

Since system expansion for the Electric Industry is so capital
intensive and since on-peak marginal fuel costs are soO high
relative to average and off-peak marginal fuel costs, these types
of cost-effectiveness methodology lend themselves to an accurate
evaluation or analysis of conservation and demand reducing
measures. However, this type of methodology has no meaning if an
attempt is made to directly extrapolate it to the Gas Industry.
There are basically no future avoided costs associated with
reducing gas sales. In fact, reducing incremental gas sales creates
proportional incremental gas rate increases since the imbedded
facilities cost is distributed over fewer gas sales.

An avoided cost methodology for determining the cost-
effectiveness to electric ratepayers of gas alternatives to
conventional electric conservation and demand reducing programs has
been developed by the Gas Industry in Florida. This methodology is
founded upon an electric utility’s projected average avoided
marginal fuel costs rather than its projected hourly avoided
marginal fuel costs. Specific avoided generating units, specific
generating unit in-service dates, and specific reserve capacity
requirements are an integral part of the methodology. The primary
objectives of the programs under consideration are "Base Energy
conservation" (saving gas, oil, and coal), and improving air
quality.
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A new methodology for determining the cost-effectiveness to
gas ratepayers of these "Base Energy Conservation” programs r=eds
to be developed by the Gas Industry in Florida. This methodology
will be founded in the diminishing incremental operating costs
which are associated with increasing gas sales, and the diminishing
marginal fuel costs which are associated with "off-peak" (non-
Winter) gas sales. The primary components of the reduced
incremental operating costs which are a product of increasing gas
sales are imbedded facilities costs distributed over increased gas
sales, and a net revenue benefit which derives from the customer
service charge. An "Off-peak Operating Cost Savings" element is
also a benefit associated with the programs which facilitate off-
peak as opposed to on-peak gas sales. The savings components which
accrue as net benefits with this element are:

1) On-peak related operating cost such as regulator
adjustments in Gate Stations, additional SCADA costs associated
with Peak delivery of gas, and any manual by-passing and/or
switching which operating personnel must do to adjust the system to
Peak conditions.

2) Lost revenue (imbedded facilities cost) associated with
cutting off interruptible customers during system capacity short
falls (system capacity peaks).

3) PGA adjustments for On-peax deliveries by FGT and/or
Suppliers.

4) Any differentials in gas purchase pricing which is related
to On-peak versus Off-peak supply.

5) Any imbedded facilities costs which relate to supplying on-
peak capacity (must be expressed as $/therm).

6) Any corporate overhead costs associated with purchasing
and/or delivering On-peak versus Off-peak gas to the consumers.

7) Incremental system losses associated with On-peak
conditions (higher pressures, higher flow rates, etc.).

8) Incremental variable costs associated with On-peak
conditions (compressor operation, etc.).

A "Societal Benefit" (net BTU savings) is an integral part of
these proposed "Base Energy Conservation" programs. This benefit is
calculated simply by multiplying the weighed average heat rate of
all the utility generating units (BTU/KWh) and the total electric
energy (KWwh) displaced and/or replaced, and then subtracting the
gas energy necessary to displace and/or replace this electric
energy. The ratio of the saved energy to the consumed energy could
be used to create "conservation transfer payments" (incentives)
between the Electric and Gas utility companies to promote this
concept.
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A number of perceived disincentives presently exist as
concerns the promotion of conservation and denmand reducing measures

by gas and electric utilities.

The electric utilities maintain that "“customer provided
capacity" ("non-traditional" power plant) denies them long-term
investment opportunities and attendant earning opportunities, as
well as short term energy sales (KWh) revenues. Further, they say
that the magnitude of the electric utility’s penalty is compounded
by a strong commitment and successful implementation of these type
measures. Florida Power Corporation and Tampa Electric Company
favor "ratebase treatment" of some of the program costs such as
equipment costs, installation costs, and one-time incentive
payments to participating customers. They also advocate a
nconservation Performance Incentive Factor®™ (CPIF) to index
performance to numeric goals and provide additional financial
incentive, beyond allowed rate of return on ratebase, to encourage

aggressive pursuit of program goals.

The gas utilities are confronted wlth disincentives of a
completely different nature. The gas utilities who participate in
Energy Conservation Cost Recovery (ECCR) were ordered by the FPSC
to remove their Interruptible Rate class customers froam ECCR. In
many cases this removed a very significant portion of therm sales
from the divisor used to calculate the ECCR factor, so the ECCR
factor has become a disportionately high percentage of the
remaining rate classes’ bill calculations. Also, all of the
expenses associated with "gas conservation" are treated as ECCR
recoverable expenses and this magnifies the problenm. other
disincentives are promotional costs such as advertising |is
generally disallowed, and one-time customer incentive payments
create an undue impact upon the ECCR factor because they are
collected over an arbitrarily short time frame (six months).

I offer the following as a means to implement appropriate
treatment of costs associated with "Base Energy Conservation"”
programs which are determined to be cost-effective under the new
cost-effectiveness methodology for these programs:

1) A "Conservation Ratebase" will be created and program costs
such as capital facilities necessitated by a roved programs, and
one-time customer incentive payments associated with approved
programs will be captured in the new ratebase.
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2} A Conservation Performance Incentive Factor (CPIF) will be
applied to the allowed rate-of-return on the Conservation Ratebase
to encourage aggressive pursuit of numeric goals.

3) Transfer payments from Electric utilities to Gas utilities
for electric ratepayer benefits associated with approved Gas
Programs, credits for "Societal Benefits”, and "Environmental
credit" will all diminish (write-down) the Gas Conservation
Ratebase and will all be allowed charges to the Electric
conservation Ratsbase with attendant DSM Goals crediting.

4) Approved program expenses which normally flow to ECCk will
continue to flow to ECCR and will continue to be recovered bhi-

annually.

5) Coincident with the bi-annual ECCR review and true-up,
approved charges and credits will be made to the Conservation
Ratebase and a new per unit ($/KWh, $/therm, etc.) revenue
requirement will be determined and collected through ECCR in
addition to the other normally allowed ECCR collectibles.

6) All Conservation Ratebase charges including capitalized
facilities costs and one-time incentive payments associated with
approved programs will be amcrtized and/or depreciated in either a
FPSC approved manner or in a manner 1ly accepted throughout
the industry for the same type facil ties.




ELECTRIC COST TO ADD ONE NEW RESIDENCE (4KW):

Generation Cost . .. S600/KW . ......... $2400
Transmission & Distribution ... $150/KW .. S 600
Meter & SOIVICE . . v isssiaaassesed i S 300

- $3300

ELECTRIC COST TO INCREMENTALLY ADD 1KW OF LOAD:

GONEIHONCOSE 5 i s v & ¥ & venihmeamrera S 600
Transmission & Distribution . ............ S 150

S 750

MeterSet & Service Cost . ... vvv v S 840
Connection Cost (Customer Service) ... S 24
Distribution Cost (Average). ............ $ 100

§ 964

GAS COSTTO ADD INCREMENTALLY AN APPLIANCE:
Customer Sernvice Cost . v o vvve sivimi i S 24
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CONCLUSION

The array of "Conservation Programs" which are offered by
most of the major Electric Utility companies in Florida primarily
invelve the deferral of electric energy into a different time
frame - example, ON-peak time to OFF-peak time. This is generally
accomplished by an electric demand control system which limits
(reduces) the demand (rate of consumption) for electric energy.
The total amount of electric energy for the end-use electric
equipment being controlled is usually not significantly reduced,
especially as compared to the demand reduction. The energy is
certainly not displaced which implies that it was not made-ud by
another energy source and represents a lost energy (Kwh) sale to
the Electric Utility. An exception to this is an Electric
Heatpump Conversion program where the Electric Utility offers an
incentive to replace resistance heating with a heatpump. In this
case the electric demand is reduced and the total energy sale
over the useful life of the end-use appliance (heatpump) is also
reduced. This represents a situation where an electric energy
sale is lost for the life of the appliance, the electric demand
is deferred for the life of the appliance, and the electric
energy is displaced by the more efficient appliance for its
entire useful life.

If the Gas Utility companies offer "Base Energy
Conservation® programs which are cost-effective to both gas
consumers and electric consumers, then, these programs can be
structured to either defer electric energy and the rate of
consunption of electric energy to another time frame, or totally
displace (replace) electric energy and still meet the cost-
effectiveness standards for both Gas and Electric utilities. An
exapple is a Gas Utility subsidized program which accommodates an
Electric Utility TOU rate and culminates in reduced energy
operating costs to the electric consumer, deferred capital cost
to the Electric Utility, and reduced base energy consumption to
society. In this example some electric energy (kwh) is displaced
and some electric demand is deferred; however, no electric demand
is necessarily displaced or replaced in this example and it still
meets the long term goals of both Gas and Electric utilities.

If the Gas Utility is constrained by conservation program
specifications which call for electric demand and energy being
totally displaced by gas end-use equipment, the cost-effective
Gas program offerings will be severely limited. The primary
reason for this is that electric rates and "Conservation"
programs in Florida are driven or justified exclusively by the
demand (KW) portion of the electric rates. This portion of the
electric rate represents the capital cost for the Electric
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Utility and the Gas Utility in many customer equipment
applications cannot compete with just the remaining energy (KWh)
portion of the rates. The Gas Utility "Base Energy Conservation
Program™ offerings should extend to both deferred and

electric demand and energy consumption in order to compliment
similar Electric Utility Conservation pru?rllu, fill the natural
customer participation voids which occur in all utility company
conservation related program offerings, and offer maximum
societal benefits.




Mr. Joe Jenkins, Director
Division of Electric and Gas
Florida Public Service Commission

101 East Gaines Street &
Tallahassee, FL BY HAND DELIVERY

——— B

Re:  Approval of Demand Side Management Plans for Florida's Investor-Owned
Utilities
Docket Nos. 941170-EG through 941173-EG

Dear Joe:

Attached are LEAF’s comments on the above referenced dockets. To help assure
achievement of Commission-set conservation goals, LEAF urges you 1o recommend that
the Commission:

. direct each wtility to file and follow a monitoring and evaluation plan
designed to cost-cffectively gather information necessary 10 enforce
Commission-set goals.

. make clear that goals cannot be met with savings from "free riders", and
» establish meaningful annual review of goals compliance.

These three actions would allow the Commission to reasonably assess conservation goals
compliance and assure that conservation goals are met in the most cost effective way for
Florida ratepayers.

Gathering the right information through monitoring and evaluation is critical to
meeting the Commission’s responsibility to see that ratepayers’ money is reasonably
invested. Without systematic measurement of DSM performance the Commission cannol
reasonably determine whether DSM programs arc providing the expected level of savings
cost-effectively or take appropriate action to direct program modifications. Therefore,
LEAF urges the Commission to direct the utilities to file monitoring and evaluation plans

A Public Interest Law Firm
1115 NORTH GADSDEN STREET * TALLAHASSEE, FLORIDA * 32300-6327 * 904-681-2591 * FAX 904-224-1275  Rocycied Paper
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that meet the guidelines stated in the attached comments, Section I1I-D. For your
reference, copies of a monitoring and evaluation plan that exemplifies many of these
principles, and the i i published by Oak
Ridge National Laboratory are attached.

The Commission should also make clear that its conservation goals may not be met
with savings from free riders, i.c., those who would have taken the identical energy
conservation action without the DSM program. Counting free rider savings towards the
goals would create peverse incentives to spend ratepayer funds on savings that would
occur without utility intervention. Not counting free-rider savings appropriately directs
utility efforts toward maximizing savings that would not otherwise occui-—-the reason for
utility programs in the first place. Further, in calculating the cost-effective efficiency
savings potential upon which the goals were based, the Commission used a lcad forecast
that factored in the savings from free riders. Allowing goals to be met with free rider
savings would effectively double count that savings—-once in the load forecast and again
in the DSM plan savings-—-degrading the goals to the detriment of utility custom<is.

Third, to assure that utilities reach their annual goals the Commission will nced to
verify goals compliance or shortfall and take appropriate action on an annual basis, for
example as part of the standard ECCR process. Coupling goals compliance review with
the annual ECCR prudence review of DSM spending offers significant advantages.
Evidence regarding prudence could helpfully inform the Commission’s assessment of
appropriate remedics for goals shortfalls or rewards (ar goals achievements. Similarly,
a review of savings achievements could indicate how effectively DSM budgets were
expended and such findings could be germane to considerations of management prudence.

Thanks for your consideration. If you have any questions or wish to discuss these
matters further, please let me know.

Sincerely,
Dcé- S/
Deb Swim

Attomney
Energy Advocacy Project

cc: Parties of Record




COMMENTS ON DEMAND SIDE MANAGEMENT PLANS
OF FLORIDA'S INVESTOR OWNED UTILITIES

DOCKET NOS. 941170-EG through 941173-EG

April 17, 1995

A Public Interest Law Firm
1115 NORTH GADSDEN STREET * TALLAHASSEE, FLORIDA * 313036327 » 904-681-2591 * FAX 904-224-1275  Rucyied Papus
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I. Introduction and Summary

In its final order in Docket Nos. 930548, 49, 50, 51-EG, the
Florida Public Service Commission set annual energy and peak demand
savings goale for the four major investor-owned utilities. Tne
Commission established annual goals for the ten-year period
1994-2003, specified separately for the residential and commercial-
industrial sectors. The Commission’s decision required that goals
be met in every year, and specified that sanctions would be opplied

if goals were not met.

The Commission-set goals are based on the utilities’ estimates
of the savings achievable with DSM measures and programs that pass
the Rate Impact Measure Test ("RIM"). However, the Commission gave
the utilities free rein to meet the goals through “whatever
portfolios of programs they wish, including TRC programs” and
encouraged utilities to “"evaluate implementation® of RIM-
failing/TRC-passing measures that offer large savings with nominal
rate impact--inviting utilities to seek stockhold incentives and
recovery of revenue losses for guch measures. (Order No. PSC 34-
1313-FOF-EG, p. 22)

The four utilities subject to the goals order--Florida Power
& Light, Florida Power Corporation, Tampa Electric Company, and
Gulf Power Company--have filed the first round of DSM plans since
the order was issued. All four plans project sufficient savings
trom RIM-passing programs to meet the goals.

LEAF has reviewed the DSM plans and associated technical
appendices. The utilities have not yet responded to our
interrogatories concerning the detailed assumptions underlying the
DSM plans. However, based on the sketrhy information provided in
the plans, we find that the filed program plans generally suffer
from the following deficiencies:

@ reliance on weak and needlessly expensive delivery strategies
that create lost opportunities, promote cream skimming, and
exacerbate free-ridership levels;

- lack of apparent consideration of the effect of free-ridership
on overall savings levels (and thus contribution to goals) or
program cost-effectiveness;

L failure to evaluate TRC options, either as less-costly
substitute for RIM options in meeting goals or as cost-
effective options for surpassing goals;

. absence of effective monitori and evaluation ("M&E")
protocols for tracking and verify program performance and
progress toward goals;




If utility M&E efforts are to provide useful information in
time for the Commission’s deliberations, it is essential that M&E
plans be in place prior to the start of monitoring activities. The
Commission should therefore direct utilities to file comprehensive
M&E plans that prescribe appropriate MLE techniques for gathering
the information that the Commission will need to enforce its goals
directives.

We discuss in detail below the issues of program-performance
verification, M&E planning, free-ridership, and goals enforcement
as they relate to goala compliance. Based on the findings of our
assessments of these issues, LEAF recommends that the Commission:

. direct each utilities to develop and file a comprehensive M&E
plan consistent with the principles and guidelines stated
below, and to collect and report the program-implementation
data required to verify savings projections;

. explicitly state that goals cannot be met with free-rider
savings, and require that achievements be reported both gross
and net of free riders along with all assumptions and
evaluation data regarding free-ridership;

. formally establish an annual reconciliation and enforcement
process, either as an independent proceeding or as part of the
standard ECCR process.

II. Verifying Goals Compliance

In its final order in the goals dockets, the Commission
prescribed cumulative energy and peak-demand savings goals for the
four major investor-owned utilities. The Commission ordered the
utilities to meet these goals on an annual basis, but gave free
rein to utilities to determine the best approach for complying with
the Commission’'s directives:

Utilities are free to file whatever portfolio of programs
they wish, including TRC programs, in order to meet their
goals. (Order No. PSC-94-1313-FOF-EG, p. 22)

In so doing, the Commission reserved the authority to review
the performance of each utility’s chosen course of acticn and to
employ appropriate means for ensuring compliance with its
directives: ;

Any utility that does not achieve its 1 shall be
either penalized or have programs prescr to it in a
manner to be determined by this Commission on a case-by-
case basis. (p. 22)

In essence, the Commission has defined its primary enforcement
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task as one of retrospectively reviewing actual program performance
and reconciling performance with initial planning assumptions.' The
Commission’s review of actual spending and savings experience will
be essential for validating utility claims regarding goals
compliance in the previous year and, where necessary, for
influencing future DSM efforts with prescribed programs or
sanctions as appropriate. As part of this process, the Commission
will need to address and rule on three issues:?

. Have uti.ities met the cumulative goals prescribed by the
Commission for that yesar?

. Were DSM savings acquired cost-effectively and at minimum
feasible expense to ratepayers?’

. Given a finding of noncompliance, what are the appropriate
penalties and/or program revisions for effecting future
compliance?

The Commission (and other parties) will need ac<ess to a body
of program-implementation data sufficient to conduct a thorough
compliance review. Since utility compliance filings will be relied
on as the primary data source, it is critical that utilities
provide not only overall spending and savings results, but the
underlying program-performance data necessary to reconcile
implementa}ion experience with corresponding @x ante planning
estimates.

The Commission can use this reconciliation data in two ways.
First, the data can be used to verify independertly the utilities’
findings regarding DSM-program cost-effectiveness, savings

'This is in addition to the Commission’s review of program
design proposals and retrospective prudence assessments.

‘As discussed below, these issues can be addressed in
conjunction with the Commission’s regular prudence review of
utility DSM spending.

'Although the Commission set goals based on utility
estimates of RIM-passing savings potential, the final order in the
goals docket does not explicitly require that utility efforts to
meet the goals be cost-effective under the RIM or the TRC tests.
However, the Commission presumably would require at a minimum that
programs be cost-effective under the TRC, if not also cost-
effective under the more restrictive RIM,

‘The specific data required for a reconciliation analysis
will vary by utility and program. We identify below the broad
categories of data that would most likely need to be collected for
any type of DSM program.




achievements, and goals compliance.

Second, if savings achievements fall short of the annual goal,
the program-implementation data may reveal the cause of the
shortfall and highlight appropriate responses by the Commission.
For example, a utility may not have met its goal for the
commercial-and-industrial sector due to a general economic downturn
and consequent decreased savings c_famcinl from new building
construction. In this case, the gsion might mimply direct the
utility to reallocate funding appropriated for new-construction
programs to programs targeted to the retrofit market.

Alternatively, the shortfall may have been due to the
utility’s failure to raise rebates in the face of conclusive
evidence that rebate levels were too low to promote program
participation. If so, the Commission t choose tc penalize the
utility for its inaction and prescribe 8 in program design to
improve participation rates in the future,

As discussed in detail below, properly structured monitoring
and evaluation of program results can p the information the
Commission needs to verify program achievements and improve program
strategies. In turn, MiE efforts are most likely to provide useful
information if guided by a cohesive and well-defined MLE plan. The
M&E planning process serves to identify the overall purpose and
goals of M&E activities, the program-implementation issues to be
investigated, and the appropriate methods for gathering and
evaluating program results. A pruz'lu'ly designed MLE plan can ensure
that M&E budgets are spent efficiently on securing the right

information for answering the right questions.

Unfortunately, there is no evidence that the utilities have
developed M&E plans or relied on such plans to select the M&E tasks
described in their DSM plans. Monitor and evaluation plans were
not filed as part of the utilities’ DSM plans. Moreover, the plans’
curgsory descriptions of proposed M&E activities give little
indication of the overall purpose or goals of the tasks outlined or
Oﬁ r.hf l:.;anis for relying on the evaluation techniques described
therein.

Without such M&E plans, the utilities’ M&E efforts may proceed
in a piecemeal fashion that results in serious gaps in the
information collected and evaluated. If so, the Commission could
lack critical data for determining actual program performance and
overall goals compliance.

The need for complete and verifiable implementation data will
be particularly acute for those utilities that are relying one or

SPPC’s general discussion of the contaxt and purposes of
monitoring and evaluation is a notable exception.




two programs to provide the bulk of the compliance savings. For
example, TECo expects that B0%-90% of its energy goals in the
commercial-industrial sector will be met with savings from its
Commercial Indoor Lighting Program. With so little diversification,
there is significant risk of TECo falling short of its goal if the
lighting program does not perform as expected.‘

If utility M&E efforts are to provide useful information in
time for the Commission’s deliberations, it is essential that M&E
plans be in place prior to the start of monitoring activities.’ The
Commission should therefore direct utilities to file a
comprehensive M&E plan that delineates for each DSM program the
issues to be investigated and the M&E techniques to be employed in
addressing the issues of concern. We provide below general planning
principles and guidelines to assist the utilities and the
Commission in the timely developmant of comprehensive M&E plans.

III. Context and Purpose of Monitoring and Evaluation

Over the past decade, utilities have increasingly recognized
and sought to acquire demand-side resources as part of a least-cost
approach to meeting the energy service irements of their
customers. As DSM programs have become significant elements in
utility resource portfolios, determining the effects of DSM
programs has become increasingly important. Utilities, regulators,
and customers want to know whether programs are providing the level
of savings expected of them, whether the programs are cost-
effective for the utility and for customers, and what can be done
to increase participation, lower costs, and increase energy and
demand savings.

Monitoring and Evaluation (M&E) is the process that has evolved
to answer these gquestions. It is the "systematic measurement of the
operation and performance" of DSM ams," and a2 field of applied
science where there are well-devel methods, standard practices,
extensive literature, and a network of experienced technicians and

‘If savings from this program are projected to contribute
80% of goals savings and actual savings are 10% less than
projected, savings from the remaining programs would have to be 40%
greater than expected to maintain goals compliance.

'Optimally, M&E planning should begin during the course of
program design,

*Hirst, Eric, "Evaluating Demand-Side Management Programs,”
1990.




professional experts.’

As the magnitude of resources to be acquired by utilities
through DSM increases, the importance of MLE also increases.
Moreover, the rigor and the level of effort that should be applied
to MiE becomes increasingly important and consequential. As noted
by Hirst and Reed: i

Utilities should measure the performance of DSM programs
with the same competence and diligence with which they
monitor the performance of power plants. During the past
several decades, utilities have developed detailed
information on the construction costs, and the time,
operation, maintenance and fuel costs; heat rate,
availability factor, and capncit% factor; the duration
and causes of each outage; and consumption, plant
output, and emissions for each of their power
plants....'

Monitoring and evaluation efforts need to be approached in an
analogous manner, with a commensurate level of "plant engineering”
(M&E planning), ongoing monitoring of the actual "plant output®
(DSM program tracking and monitoring) and efforts to improve "plant
efficiency" (DSM program refinement).

Monitoring and evaluation is generally recognized, both withiu
the utility industry and in most regulatory contexts, to have three
broad purposes: measurement; characterizaticn and optimization.™

. Meagurement has the purpose of tifying the energy and
demand impacts which are attribu to DSM programs, as well
as the utility and societal costs of achieving those impacts.

. Characterization has the purpose of describing and analyzing
the implementation of DSM programs, the markets addressed by
programs and the market that remains, and identifying and

'See, generally, the proceedings of the bi-annual
International Conference on Energy Program Evaluation, for the past
ten years.

YHirst, Eric, and J. Reed, W of Evaluation of
Utility DSM Programs, ORNL/CON-336, Oak Ridge National Laboratory,
Oak Ridge, TN, 1991.
Yigushler, Martin, Ken Keating, Jeff Schlegel, and Edward
Vine, "The Purpose, Practice, and Profession of DSM Evaluation:
Current Trends, Future Challenges,® Proceedings ¢ he ACEEE 199
Mme Study on Enerxqgy E 2 [ch 0. B dipngg, Volume 7, American
Council for an Energy Efficient Economy, Washington, DC, August
1992.




characterizing DSM resources that remain to be captured.

. Optimization has the purpose of refining program design and
implementation based on program experience.

The measurement functicn of M&E will provide the quantitative
data relied on to verify goals compliance. To meet the needs of the
Commission, the measurement function should meet certain secondary
objectives:*?

* Timeliness--Measureament results should be available in =2
timely manner so that they may be considered by the Commission
in the annual review of DEM portfolio achievement.

* Proper Attribution of Impacts--Measured energy and demand
impacts should be disaggregated into savings attributable to
the DSM program, including any spillover impacts, and those
attributable to free riders or on-going adopters.

* Objectivity--The measurement results should be perceived as
trustworthy; evaluations should be performed by parties w.th
no stake in the results of evaluation.

* Evidence--Measurement results should be supported, within the
constraints of cost, by evidence of the actual performance of
installed DSM measures. Analysis and results should kL=
documented in sufficient detail in order for them to be
duplicated by others and allow independent review by the
Commission.

* Care and Technical Quality--In order to be relled upon
confidently, measurement and analysis should be conducted with
the exercise of due professiocnal care and consistent with the
accepted standard practices and standards for technical
quality that have been established for measurement and
evaluation in DSM over the past 10-15 years.

. Reasonable Accuracy and Precision--Before programs are
implemented, savings assumptions are merely estimates of
probable impacts. Through the use of various measurement
techniques, including metering, billing analysis, and
refinement of engineering estimates based on program
experience, M&E can be expected to substantially improve both

‘2gome of these objectives have been discussed in more
depth in Butler, Susan, Dan Quigley and William Miller, "How Can We
Assure Quality in Program Evaluation?" -

nterns ona Enerc m Eva E r
NEPEC, August 1991.

g, Chicago, IL,
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the accuracy and precision in the quantification of program
impacts. While measurement can reasonably seek accuracy and
precision on the order of + 10 to 15%, the decision as to the
appropriate levels to attain should be guided by analysis of
the value of improved estimates relative to the M&E cost.

A. Impact Evaluation
The measurement functions of M&E are carried out through what

are commonly referred to as activitics, as
differentiated £from i [ activities. Process
evaluation activities (discussed in next pection) fulfill the

characterization and gptimization ses of evaluation. As
discussed in the Handbook of E!IIHIEI:: :E prilicy DSM Programs:

Impact evaluations examine the effects of the program. They
provide quantitative documentation of program benefits and
costs. Impact evaluations measure program participation,
participant acceptance of the recommended DSM measures and
practices, performance of the DSM technologies promoted by the
program, program energy and load reductions, and program
costs.

Impact evaluations compare what happened with the program to
what would have happened if the p am had not existed - with
respect to customer’s electrical ts, customer costs, and
utility costs. Such determinations are not as simple as examining
the change in a program participanta’ energy use before and after
their participation in a DSM program. First, it is necessary to
detgrmine the net savings rather that the total (or gross) energy
savings:

Total savings are the changes in annual electricity use and
peak demand experienced by participants in the utility’s
program. Net savings are the portion of the total savings
that can be directly attributed to the utility program.

Net savings are the difference between total savings and the
savings that participants would have achieved had the program
not existed. Non-program savings reflect customer responses Lo
changes in electricity and foseil fuel prices, changes in
economic activity or personal income, introduction of new
electricity-using technologies, and other non-program factors.™

“Hirst, Eric and J. Reed, Handbook of Evaluation of
, ORNL/CON-336, Oak Ridge National Laboratory,

Utili ;
Oak Ridge, TN, 1991.
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Further adjustment of measured impacts is necessary to account
for free riders, defined as those participants in a DSM program who
»would have taken the identical energy conservation actions without
the DSM program."'* Free riders represent a cost to a utility’s DSM
programs, but provide no benefits (impacts). Accordingly the
measured impacts of programs must be reduced to account for free
riders and impact evaluations must include determination of, and
adjustment for, free riders.

Conversely, many DSM programs can have the effect of achieving
energy savings among some utility customers who are not formally
program participants. These customers are often referred to as free
drivers and their effect on program impacts referred to as

i and market transformation. Free-drivership occurs when
non-participating customers implement energy-efficien measures
either through a conscious awareness of the program or because of
a program-induced change in the marketplace. An example of
spillover would be where a customer purchases an efficient product
based on information provided through program activities, but does
not claim the rebate offered on the product. An example of market
transformation would be where high participation in a new
construction program transforms the market to the extent that
higher levels of efficiency are implemented nun-participating
builders for competitive reasons. While spillover and market
transformation effects are difficult to quantify, there are
established measurement techniques that can be used by utilities to
account for these effects.

B. Process Evaluation

While the data needed to determine goals compliance is largely
met through impact evaluation, utility M&E efforts should also be
developed to address the characterization and gptimization purposes
of evaluation. If goals are not being met, it is the
characterization and program optimization M&E results which will
inform both regulators and the utility as to the probable reasons,
the potential for achieving better results, and the program
modifications that may be necessary so that goals can be achieved.

Even if there were 100% confidence that impact goals would be
met, utilities would still be prudent to make use of the
characterization and program-optimization functions of M&E. The
feedback from characterization and program-optimization M&E
activities can provide numerous benefits, including:

*Saxonie, William, "Free Riders and Other Factors that Affect
Net Program Savings," in Handbook of Evaluation of Utility DSM
Programs, ORNL/CON-336, Oak Ridge National Laboratory, Oak Ridge,
TN, 1991 /
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refinement of estimates of market size, both with respect to
potential participants and the DSM cost-effective resource
potential of each participant;

identification of opportunities for more comprehensive
treatment of customers, with subsequently lower transaction
CORALS;

identification of successful program strategies that can used
to improve other programs;

improved understanding of market barriers to program
participation and identification of more-effective strategies
for overcoming those barriers;

identification of barriers to persistence of savings and
techniques to increase persistence;

identification of measures with sub-optimal performance and
methods to improve performance;

better understanding of the effects of customer behavior on
DSM-measure performance;

better understanding of customer satisfaction with programs and
opportunities for improvement

identification of opportunities to improve program
administration and program quality control.

These benefits have the potential for increasing program
savings, reducing program costs, and/or improving customer service.

Characterization and optimization is achieved through process
evaluations of DSM programs. Unlike monitoring and evaluation of
supply options, which can rely largely on measurement technigues,
DSM MLE necessarily must look to process evaluation for much of the
necegsary information to achieve evaluation goals:

The major characteristic of DSM programs that distinguishes
them from power plantse is the distributed nature of DSM-program
activities and effects. DSM programs are centrally planned, but
are implemented by field staff, contractors and customers.'

Utilities have traditionally failed to devote adequate
resources to process evaluation. A limited survey of utility DSM
expenditures found that, on average, only about 30% of total M&E

“gronfman, Ben and Jane Peters, "Process Evaluation of DSM
Programs, ® '
ORNL/CON-336, Oak Ridge National Laboratory, Oak Ridge, TN, 1931.
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expenditures were budgeted for process evaluations.‘’ However, the
cost of a comprehensive process evaluation is 1likely to be
comparable to that of a comprehensive impact evaluation.'* The trend
in recent years, particularly among utilicies with more M&E
experience, is to put more emphasis on process evaluations relative
to impact evaluations. 3

C. The Need for M&E Planning

while evaluation is inherently a retrospective activity, it is
essential that M&E be systematically planned in advance of its
implementation and that the results of the planning process be
documented in an M&E plan. Without adequate and timely planning,
evaluation will likely be inefficient and unable to achieve its
goals. The types of data that are required for program evaluation
cannot be anticipated without going through a planning process that
identifies the data necessary to answer program-specific evaluation
questions. Equally important, a wide range of both impact- and
process-evaluation techniques and experimental designs requice the
collection of data during, and in some cases bafore, the period of
program implementation. Thus, M&E should alpo be planned in advance
of the program implementation.

Ideally, M&E planning will be an integral part of the program-
design phase of DSM program development. Just as program design
influences evaluation requirements, contemporaneous evaluation
design can influence the nature and timing of planned program
activity. For example, delivery mechanisms and schedules may he
modified to take advantage of data collection opportunities.™ If
evaluation planning cannot be conducted simultaneously with program
design, it should be completed prior to program implementacion
which is the subject of evaluation.

The benefits of planning prior to program implementation
include:

e Establishment of hypotheses to be tested, which in turn define
data needs and analysis methods.

e Assurance that early evaluation activities can provide prompt

"wirtshafter, Robert, "Establishing Priorities for Future
Evaluation Efforte,"

Program Evaluation Conference, Chicago, IL, NEPEC, August 1931.

WHicks, Elizabeth, "Planning Evaluations," Handbook of
, ORNL/CON-336, Oak Ridge

Evaluation of Utility DSM Programs
Mational Laboratory, Oak Ridge, TN, 19851.

"Hicks, Elizabeth, gp. git.
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feedback to program implementers, enabling early identification
of problems and timely corrective action.

e Assurance that program designs support the data-collection
needs.

e Full use of data collection opportunities during
implementation, ensuring that all necessary data will be
collected, and reducing costs for data collection and analysis.

¢ Enhanced data quality and cnnlilttni{. and establishment of
precision requirements and sample designs.

e Facilitation of efficient design and development of a DSM
tracking system to store and maintain data.

Without a detailed M&E plan that establishes research
hypotheses, experimental designe, and data needs and analysis
methods, substantial cpportunities for efficient data collection
and early implementation feedback will almost certainly be lost.
With proper planning, utilities can ensure that the program-design
supports the necessary data needs, and that data is collected
efficiently and effectively.

The results of the M&E planning process should be reported in
an M&E plan for two reasons. First, the evaluation plan plays an
important management role as a reference document for the utility
and its contractors to implement evaluation activities. Second, M&E
plans should be available for critical review by the Commission at
the time of utility program plan filing. Without these plans, the
Commission will not be able to determine whether the utility has
developed effective strategies for collecting and evaluating the
data needed to assess program performance and verify goals
compliance.

Data collection should not be confused with evaluation.
Collecting appropriate data is necessary, but not sufficient, for
proper evaluation. Many utilit evaluations suffer from
inconsistent or missing data, either because the data were
collected with inconsistent methods, or defined inconsistently.
This is oftean the result of poor planning, with data being
collected at different times, from different participant or non-
participant samples, with different survey instruments, or stored
in different databases designed without a clear understanding of
the ultimate uses of the data., Proper planning establishes what
data are needed, how they should be defined and used, from whom
they should be collected, how and by whom they will be collected,
and where and in what fashion they will be stored and kept up-to-
date.

At best, the consequences of not planning will be that
substantial cost and effort is expended to collect supplemental

13



data after the fact, to merge databases, and to perform quality-
control and data-cleaning exvrcises. At worst, the failure to plan
will result in the introduction of significant bias into the
analysis results, or the inability to properly analyze specific
issues, such as free ridership, persistence, or snap-back. The
potential costs of these deficiencies are much greater than the
cost of data collection alone. These deficiencies may result in
erroneous conclusions regarding whether goals are being met. This
in turn can lead utilities to continue to implement programs that
are not cost effective, miss highly cost effective DSM
opportunities from program enhancements, or collect inappropriate
incentives from ratepayers.

D. M&E Planning Guidelines

This section provides general guidelines for developing and
implementing effective M&E plans. These guidelines reflect a
general consensus among leading practitioners in the M&E industry
about the best approaches to M&E planning.

As first summarized by Hicks®® and usefully elaborated on by
McRae, et. al.,” the M&E process can be described as havirg six

steps:

1. 1Identify evaluation objectives and the program-specific
research questions to be answered by M&E.

2. Identify evaluation approaches capable of answering the
research questions and providing ormation suitable for
decision making.

3. Assess alternative experimental designs, techniques, and
analytical methods, including their data requirements.

4. Estimate the value of information and use this to establish an
appropriate budget for M&E activities.

5. Conduct the evaluation.
6. Communicate the results.

Reflecting this process, an M&E plan should comprise the

*Hicks, Elizabeth, gp. cit,.

‘'McRae, Marjorie, He , and Hanser, "Now that We've
Got Their Attention: Guidelines for Producing Useful and Used

Evaluations,6 "
rican Council for an Energy

Efficiency in Buildings, Volume 7, Ame
Efficient Economy, Washington, DC, August 1992.
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following:

A clear statement of the purposes of pgM M&E for the subject
utilicy, reflecting the interests of all stakeholders,

A brief description of each DSM program being evaluated,
including history and annual goals for pParticipation, measure
Penetration, and impact goals.

A detailed list of the hypotheses to be tested, and how the
results will be yged to improve program design and
implementation.

A description of the research methods, experimental designs,
and analytical methods to be applied .(with identification of
approaches to be used in addressing each of the identified
hypotheses) ,

approaches to be mplemented, including sample designs where
applicable.

Detailed implementation plans and schedules for each type of
evaluation.

Detailed evaluation budgets, including support for
appropriateness of the pProposed budget relative to the value of
the ‘nformation Procured through evaluation,

Identification of the deliverable Products, timetable for
completion, and deadlines for when results are needed for
decision making (e.q., regulatory reviews, budgetlng cycles,
input to IRP),

When reviewing M&E plans, utility staff members and regulators
should also look for the following attributeg:

incorporated into future program design and delivery decisions,
and in utilitvy planning, Without these issues clearly
articulated, it ig likely that research and data collection
will suffer from a lack of direction.

M&E plans should establish a detailed schedule, budget and
resources. The schedule should integrate the evaluation with
Program design and implementation activities. Data must be
collected in time to support each phase of the analysis, and
results must be available in time to support future Program

15




The evaluation budget and staff plan should ensure that
upper level managers are commit to the evaluation, that
appropriate staff members and contractors will be available in
a timely fashion to complete M&E tasks, and the plannec
expenditures are appropriate given the program design,
projected impacts, and future importance of the program to the
utility’s overall DSM plans.

M&E budgets typically range from about 5% to 10% of program
implementation costs. In a survey of utility DSM expenditures, the
range of expenditures observed varied from 3% to almost 30%, but
most utilities appear to be guided by a 5%-to-10% rule of thumb.*
However, as noted by Wirtshafter and numerous other evaluation
researchers, a single rule-of-thumb is not |Erapr jate; ulcimately,

with ¢t

budget levels should be reconciled he value of the
information procured.?’ Pilot programs, or programs in early phases
of development may warrant relatively large nditures on M&E

(often 30% or more). This is particularly true if they are testing
different delivery or incentive mechanisms, or are being analyzed
for replication on a larger scale. On the other hand, large, mature
full scale programs may require relatively small expenditures on
evaluation (as a percent of implementation cost). This is
particularly true of large rebate programs, where costs primarily
represent incentives. Another factor is the absolute size of the
program. Because some MiE costs are relatively fixed regardless of
program size, M&E costs as a percentage of total program costs will
be larger for smaller programs.

The M&E goals and objectives may also dictate appropriate
levels of expenditures. For example, while a large and mature full-
scale program may have less need for extensive process evaluation,
it may represent a large portion of the utility’s projected DSM
impacts. Therefore, a relatively large portion of impact-evaluation
funds should be spent to ensure accurate impact estimations.
Ultimately, impact-evaluation expenditures should be allocated
based on projected program impacts, the projected uncertainty in

“*‘McRae, Marjorie, Henneberger, and Hanser, "Now that We've
Got Their Attention: Guidelines for Producing Useful and Used
Evaluations,®
Efficiency in Buildings, Volume 7, American Council for an Energy
Efficient Economy, Washington, DC, August 1952,

'Hicks, gp. cit. Semak, Michael, Robert Uhlaner and Bruce
Smith, "Building Reliable DSM Resources with Program Evaluation, "
HrOCEee g O g ACEEE 994 SUMID Stuc : I

1) J . = ] o il L]
Buildings., Volume 8, American Council for an Energy Efficient
Economy, Washington, DC, August 1994. Hummel, Philip, "Resource
Allocation and DSM Program Evaluation Planning, ® Proceedings o
Sixch nterns ona Eneray Program EVi on Confere s, Chicago,
1L, NEPEC, August 1993.
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current impact estimates (from simple engineering analyses), and
the projected marginal costs of Precision improvements.:t

An M&E plan should identify precision requirements, and how
these will be met. Precision refers to the range of variance around
an estimate given a probability of certainty. In other words, one
might estimate impacts with 9p0% confidence that the actual impacts
are within plus or minus 20% of the estimate (20% Precision at so%
confidence). Greater levels of precision generally require either
larger samples or more robust techniques, ang typically will
involve greater cost. Thus, the plan should include a discussion of
COSt versus precision t rade-offs, and the utility‘s rationale for
the selected level of precision. In addition, a sampling plan
should be included that supports the established level of
precision, and that ig reasonable given the hypotheses to be
tested, data collection limitations, and time and resource
constraints. Sample designs should be sufficiently detailed to
eénsure their efficiency.

tested. Discussion should include the rationale for the method (s)
selected, the data needed to support each approach, #nd how, when
and by whom it will be implemented. The lan should also identify
the information resulting from the analysis and how it will be used
to support impact egtimates or Program decisiong.

collection plan. Some data may need o collected prior to
Program implementation (e.g., baseline data) . Therefore, it ig
ceritical that data needs are fully identified up-front. In
addition, a Proper procedure for data storage and handling is
necessary for effective on-going monitoring. ‘rhe plan should
identify exactly how data will be collected, including what samples
will be used, what types of survey instruments and methods will be
used, who will collect data, when it will be collected, and the
Procedure for data input, storage, handling and quality control. In
addition, the Plan should explicitly identify how the data will be
used in the analysis. This will eénable reviewers to ensure that all
necessary data will be collected prior to analysis.

The following is an example of the types of data that should
typically be collected to support impact and Process evaluations:

“For more information on allocation of evaluation costs,
see Horowitz, M., DSM Impact Eﬁlng;j,gn EIIMI ﬂ:mﬂndi:g;iﬂn
MEuﬂ_plmxﬂiﬁ:n.ugn. forthcoming paper 4in the National
Conference on DSM Evaluation Proceedings, Chicago, 1L, August 1995,
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+  Direct measurement data. These will typically support impact
evaluations and may include uhnl:ngrtnill, end-use, operation
(run-time) , equipment-metering, customer-billing data.

* Engineering data. These incilude facility-audit data; baseline
equipment, operating and behavioral data, weather data, and
data on installed measures. ;

* Statistical data. These data typically support statistical
impact estimates and are also used in process evaluations. They
may include such things as customer and demographic data,
segmentation data, regional data, and economic variables.

¢« Market data. These include information to support process and
market evaluations, including customer and trade-ally
preferences, decision-making factors, behavior, patisfaction
with program services and measures, and egquipment-sales and
distribution data.

Particular attention should be to the methods and timing
of data collection. For example, ering data typically must be
collected on-site, by a trained auditor; engineering equipment and
operating data collected through mail or phone surveys will
typically be incomplete or inaccurate. A data-collection plan will
ensure that lost data collection opportunities are not created. Foi
example, if on-site viseits are included as part of. program
delivery, data collection should be done at the same time. Often
short-term metering equipment can be installed during pre-
inspections, read at measure treatment, and then collected during
post- inspections. Other lost data-collection opportunities occur
when utilities fail to coordinate with other utilities to implement
joint data collection or analyses. These opportunities might
involve neighboring utilities collecting trade-ally data on current
market trends to assist in baseline and free-ridership estimation.

E. Critical Issues and Approaches

Monitoring and evaluation of DSM programs is an evolving
practice, and can often involve numerous and sophisticated
technigues. A detailed discussion of these techniques i3 beyond the
scope of these comment.?® However, the following addresses some
general guidelines concerning free-ridership estimation, joint-
utility activities, and overall impact estimation. Free-ridership
and overall impact estimation are discussed because of their

Bror more detailed discussions of M&E research techniques,
gee Hirst, E & J. Reed, et., al., . Dak
Ridge National Laboratories, Oak , TN, 1991; and Violette, D.,
et. al., ; Evaluation ¢ emand-Side Managemen PrOgrams
Electric Power Research Institute, Palo Alto, CA, 1991.




critical importance to establishing whether utilicies are meeting
their goals, and because of the inherent biases and inaccuracies in
many estimation approaches. Joint-utility accivities are singled
out because they offer substantial cost saving benefits and are
often neglected by individual utilities, but can be effectively

promoted by regulators.
F. Free Ridership

A primary goal of M&E is to accurately quantify costs and
benefits attributable to a DEM program. Initial program trac king
system estimates typically represent grogs impacts, based on the
savings realized from all participants. To properly determine the
impact of a DSM program, pnet impacts should be calculated by
subtracting out free riders. Free riders are program participants
who would have taken the same action in the absence of the program.
1f a customer’'s action is identical to what he or she would have
taken without the program, they are a pure free rider, and the
benefits realized by their action are not properly attributable to
the program. Typically, a participant may be only a partial free
rider. The customer may have been influenced by th= program to
implement additional measures, an incrementally higher efficiency
measure, or to implement the measure sconer than they would have
done without the program. In this case, only a fraction of the
customer’s savings are attributable to ths program.

The extent of free-ridership is likely to be significantly
influenced by program planning and design features. This can happen
in a variety of ways. For example, if planners underestinate the
baseline equipment effici , & rebate program may offer rebates
for measures that already en significant market saturation. In
fact, some utilities have p ly offered rebates for equipment
with efficiencies that do not exceed code requirements, virtually
guaranteeing high free ridership. A perhaps less obvious, but more
common, program design that may result in high free ridership is
when utility incentives are so low that they do little to influence
customer behavior. Under this situation, only customers already
planning to install a measure are likely to participate. Because
program-design features can have a significant impact on free
ridership, early and accurate free rider estimates are important,
not only for gx post determinations of savings achievements, but to
provide early feedback to support program modifications.

Unfortunately, while free-ridership estimation is a critical
component of M&E, it is still an inexact science.?” Previous free-

¥gee, for example, Lui, D. & J. Fang, "Issues in Free
Rider Estimations, "

Rider Es

Vol. 6, 1990; Kreitler, V., "Market
timation, " Procee g8 O o

Issues in

Free
e a, EPRI CU-
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: A .
rider estimates have varied widely, and have often suffered from
significant bias.” Four primary methods are typically used to
address free ridership: -

s« participant surveys;

e measure sales data and baseline practices;
. comparison groups;

¢ gstatistical modeling.

The most common method for analyzing free riders is to survey
(either by phone or mail) p participants. This has the
advantage that it is relatively ' ive znd relies on primary
data about the population in gquestion (i.e., participants).
Unfortunately, it is often difficult to obtain accurate answers
from customers about hypothetical actions. If one simply asks a
customer whether they would have done the same thing without the
program, results tend to be biased downward. This is because
customers will tend to answer the way they believe the surveyor

desires.

Methods to overcome bias include using a series of questions
that, taken together, allow the analyst to make judgments about the
customer’'s likely behavior absent the program. For example, one
might ask a customer to describe what plans they had prior to
knowing about a program, and follow up with gquestions about the
specific details of these plans and how much they would have paid
for specific measures. Often participants who said that they
planned to install efficient equipment indicated, in response to
questions, that they did not have any specific plans, or would not
have spent the necessary funds to follow through.

Even with well-depigned surveys, cujtomers may not know or
remember what they would have done absent the program. As a result,
participant surveys often are combined with other methods. One
approach is to analyze eguipment sales and distribution data. This
approach may entail identifying pre- and post-program sales or
shipments of equipment, both wit the service territory and in a

7010, prepared by SRC, Bala Cynwyd, PA, 1990; and Saxonis, W. "Free
Riders and Other Factors That Affect Net Program Impacts,"”

mmﬂmm_unﬂ#u. ed. Hirst, E. & J. Reed, Oak
Ridge National Laboratory, Oak Ridge, TN, 1991.

¥"gaxonis, W., "Free Riders and Other Factors That Affect

Net Program Impacts,” Evaluation of UCility DOM Programs, ed.
Hirst, E. & J. Reed, Oak Ridge National Laboratory, Oak Ridge, TN,
1991, p. 125, Table 24, "Example of Free Rider Estimates" shows a
wide range of free rider estimates by program and technology type.
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shipments of equipment, both within the service territory and in a
comparison area without a program. Possible sources of data include
surveys of vendors, manufacturers, and contractors, or secondary
data collected by industry trade associations. One drawback to this
approach is that sales data can not be disaggregated into
participants and non-participants. Therefore, an increase in
equipment sales does not necessarily mean the increase was due to
program participation. It is also difficult to determine the
underlying causes of market changes, For example, a similar
increase in equipment sales both in the program territory and a
neighboring region may indicate high free-ridership (the baseline
practices shifted), or high free-drivership (the increase in sales
outside the service territory was a direct result of spillover from
the program).

Finally, statistical approaches, such as discrete choice
models, can be used to model customer behavior (of participants and
non-participants) and determine the importance of different factors
in their decision-making, including participation in the program.
These approaches still require extensive participant and non-
participant survey data, and are often used in conjunctlon with
other analysis methods.

G. Impact-Estimation Techniques

Impact estimation techniques typically involve one or more of
the following methods:

* engineering estimates,
. direct metering,
s pgtatistical billing analysis.

These methods should be combined to both improve precision and
reduce costs. Engineering estimates, by themselves, are often
inaccurate and biased. They rely on a deterministic approach to
impact estimation that makes assumptions about customer behavior
and equipment operation, often without primary data. Metering can
provide extremely precise measurements of actual energy consumption
and demand, but is costly. In addition, both engineering and
meLering approaches suffer from the inability tc capture such
behavioral effects as snapback and customer response to price
changes and underlying economic factors.

Unlike engineering and metering methods, statistical billing
analysis (SBA) can capture economic and behavioral effects by
comparison with an appropriate control group. In addition, SBA is
often considerably less expensive than metering. However, SBA may
suffer from bias resulting from self selection or other factors,
and often provides estimates with unacceptably large confidence
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intervals. This may be particularly true if utility incentive
payments are based on impact estimates.

One way to improve SBA precision and reduce bias is by
incorporating engineering and metering data into SBA model
specifications. For example, a small metering sample can be used to
determine bias in engineering estimates on a larger sample. These
estimates can then be improved using a ratic adjustment. In turn,
the adjusted engineering estimates can be used as a variable in a

i to reduce the variance of
the SBA performed on a relatively :I.l:q:. sample. These hybrid
techniques should be considered by utilit in their M&E plans to
maximize impact estimation precision at a minimal cost. Some
utilities have spent large sums on metering, while ignoring other
methods. The result is inordinately large M&E axpenditures, and
little information about true pet impacts, because of an inability
to identify behavioral effects and free riders. Other utilities
have relied solely on SBA, ignoring valuable engineering or
metering data available to them that could significantly improve
estimates.

H. Joint Utility Methods

Florida utilities should consider combining research efforts on
issues of common concern. Often, competing utilicies will reinvent
the wheel by doing separate analyses, when a single co-funded
analysis would result in lower cost to all ratepayers and more
accurate information. Examples of joint projects might include non-
participant surveys, analysis of baseline practices, trends in
equipment sales and saturation. engineering studies, and estimation
of spillover effects. Utilities in New llﬂllnd and Vermont have
recently used this collaborative approach.

IV. Accounting for Free-Ridership

The magnitude of savings and utility spending attributable to
free riders could prove to be a critical consideration in the
Commission’s verification of program achievements. If actual free-
ridership exceeds initial planning estimates relied on by utilities
to set the pace of program implementation, actual program-savings
achievements could fall short of the ls set by the Commission.
For example, anticipating an average free-ridership rate of 10%, a
utility might set 4its DSM budget for the next Yyear so that
sufficient savings from non-free riders are acquired to meet its
annual goal. If actual free-ridership amounts to 20%, non-free-

**In New England, EUA, BECo, Commonwealth Electric, NU and
NEES jointly implemented spillover and residential-new-construction
baseline studies. A project in Vermont also loocked at new-
~onstruction baseline practices.
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rider savings will fall short of the goal by 11%, all else equal.”

Free-ridership reconciliation will be an issue because free-
rider savings should not be allowed to contribute to meeting a
utility’s goals. If free-rider savings were counted towards goals,
then the difference between estimated and actual free-ridership
will have no effect nn goals account . However, becausc it is
neither reasonable nor practical to . ude free-rider savings in
counting goals achievement, the proper estimation and accounting
for free riders is very important.

Because the Commission will need to include as part of its
compliance review an assessment of free-ridership experience and
reconciliation of experience with initial planning assumptions, it
is critical that utilities provide their program-design assumptions
concerning free riders, and that they collect and evaluate program-
implementation data on free-rider participation. Otherwise, it
will be difficult, if not impossible, to measure program savings or
cost-effectiveness.

As discussed below, none of the utilities’ DSM plans provide
free-ridership assumptions. However, our review of the these plans
and of the earlier CEGRR's indicates that actual free-ridership may
greatly exceed the levels assumed in the plans. Indeed, actual
free-ridership may be needlessly exace t-d%y the utilities’ sole
reliance on RIM-passing strategies. If so, the Commission will need
to determine with its retrospective review of program performance
whether free-ridership has undermined the utilities’ efforts to
meet the goals and the extent to which the failure to consider high
savings/low rate impact TRC options contributed to the goals

shortfall.
A. Goals accounting of free-rider savings

Whether utilities should be allowed to cnunt free-rider savings
toward meeting their goals could become a major issue in goals
compliance. The Commission’s intent on the former seems clear from
the case record and the final order in the goals cdocket: the
Commission adopted Staff’s recommendation to set goals "based on
100% RIM " (Staff recommendation,

September 23, 1994; emphasis added).

Although the intent was unambiguous, the implication for each
utilities' treatment of free riders was not. FPC and TECo did not

Fprograms may also prove to be uneconomical in practice
if free-ridership is greater than anticipated. Any program expected
to have a TRC or RIM cost/benefit ratio of less than 1.13 with an
expected free-ridership rate of 10% will in fact not be cost-
effective if free-ridership actually amounts to 20%.
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account for the effects of free riders in their estimates of
potential savings from the RIM portfolio.’ Instead, they proposed
in hearings that for the purposes of setting goals that RIM-
portfolio savings be reduced for free riders using a simple
adjustment factor. The Commission explicitly rejected this proposal
as arbitrary and set goals at 100% of estimated RIM potential. For
these utilities, goals were truly unadjusted for free riders.

Gulf and FPL, however explicitly accounted for free-rider
savings in their estimatee of RIM-portfolic potential.” Since the
Commission based goals for these utilities on 100%¥ of their
*adjusted® RIM-portfolio potential, those utilities’ goals
implicitly exclude savings from free riders.

The variation across utilities in the treatment of free riders
in setting the goals creates ambiguity for the treatment of free-
rider savings in meeting the utilities’ goals. Moreover, since none
of the utilities’ DSM plans provide free-ridership zssumptions, it
is not clear whether utilities believe that free-rider savings can
or cannot be counted towards goal achievements. Given this
uncertainty, LEAF recommends that the Commission clarify in itse
orders on the DSM plans that utilities will not be allowed to count
free-rider savings to meet goals or to use free-rider savings for
purposes of goals compliance.

Allowing utilities to meet goals with free-rider savings would
effectively undermine the intent of the Legislature as exprenrsed in
the Florida Energy Efficiency and Conservation Act, which directs
the Commission to develop and adopt overall goals and authorizes
the Commission to require each utility to develop plans and
implement programs for JAncreasing energy efficiency and
conservation within its service area. BSections 366.80-366.85 and
405.519, F.S5.

Utility DSM spending on free-rider participants will not
increase energy efficiency in a utility’s service territory because
free riders are those participants that would have adopted
efficiency improvements on their own in the absence of a utility-
funded program. Although free riders contribute to improving

*Nor did they account for free riders in their cost-
effectiveness screening of DSM options.

MppL reduced market potential to account for free riders
by excluding savings from measures with less than 2-year paybacks
and by reducing average savings from residential load management
measures (Docket No. 930548-EG, response to People’'s Gas
Interrogatory 1-12) . Gulf adjusted for free-ridership by estimating
the difference in measure adoption rate in a scenario with no
utility DSM spending and one with moderate utility DSM investments
(Docket No. 930550-EG, CEGRR (revised 2/22/94), p. 1).

24



energy efficiency in their utility’s service territory, they would
do so regardless of the utility’s efforts.

Allowing utilities to meet the goals with free-rider savings
provides perverse incentives for utilities to game the system.
Since free-rider savings will occur without utility intervention,
utilities could seek ways to minimize their DSM investments while
claiming goals compliance on the basis cf free-rider savings.”

More critically, counting free-rider savings towards the goals
makes the kilowatt-hour a free-rider would have saved anyway as
important as the kilowatt-hour that only utility DSM spending can
save. Prohibiting utilities from counting free-rider savings
appropriately directs utility efforts at maximizing savings that
would not otherwise nccur--the reason for utility programs in the
first place. Excluding free-rider savings thus creates an incentive
for utilities to minimize spending on customers that will implement
efficiency improvements anyway.” Without such an incentive,
utilities will spend its customers’ money on activities that yield
no return in ratepayer benefits.

Including the free riders in the goals would render the goals
useless for planning purposes. The utilities tygicnlly prepare a
base-case load forecast for natural or giness-as-usual
conditions, including energy efficiency trends caused by chanying
technology, changing prices, and government regulations. This
base-case forecast include the load reductions due to free riders,
since by definition free riders are those participants whose load
reductions would have occurred without the program. Attempting to
remove all free riders (and hence all efficiency improvements) from
this base case would be futiles and the result would not be a
meaningful forecast of anything. LEAF does not believe any utility
prepares such a free-riderless forecast.

From this base-case forecast, the utility subtracts DSM effects
(interruptible loads, load management, and conservation), along

This could be a particularly attractive option if the
utility were faced with spending constraints or under pressure to
minimize the rate effects of DSM spending.

Ypor example, a utility could operate a program urging
commercial customers to use fluorescent, rather than incandescent,
lightino in new construction and renovation. B8ince this measure is
decades old and already accepted for B80-30% of commercial floor
space, the program would have little effect. The total savings
from the measure will be quite large (perhaps high enough to meet
the entire DSM goal), but free ridership will be very high,
representing close to 100% of savings. If free rider load
reductions were counted towards goals compliance, the utility might
well meet its goals without actually reducing loads even one MW.
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with other adjustments (such as for self-generation), to derive
projected net firm loads. If free riders are included in the
measurement of DSM, as well as in the base forecast, their effects
will be double counted, and the net load requirements will be
understated, leading the utilities to under-forecast and under-
build. For the goals to be useful in planning, they must represent
the reduction in loads from the base case, which requires that they
be net of free riders.

If the Commission intends to effect real efficiency
improvements and to provide Lrue cost reductions to ratepayers,
free-rider savings must be excluded from utilities’ claims of goals
achievements .

B. Free-Ridership in Utility Savings Estimates

At this time, LEAF is unable to determine the extant to which
savings estimates in the utilities’ DSM plans have been adjusted
for free-ridership. The utilities did not describe free-ridership
assumptions in their DSHM plans, and they have not yet responded to
LEAF’s interrogatories regarding free-rider accounting. However,
if the utilities estimated free-ridership for the DSM plans in the
same manner as in their CEGRRs, it is likely that actual free-
ridership will exceed estimated values. In that event, actual non-
free-rider savings could fall short of the goals requirement.

For FPC and TECo, actual free-ridership is bound to exceed
initial estimates if the DSM plans use the same free-ridership
rates assumed in the CEGRRs; the CEGRRs assumed no free ridcre.
Although FPL and Gulf adjusted savings estimates to reflect free-
ridership (at least in the CEGRRs), it is likely that these
utilities underestimated the magnitude of free-ridership associated
with the program delivery strategies relied on in their plans.’ In
particular, these utilities may have drastically reduced measure
incentives in order to make measures cost-effective under the RIM."™

“The free-rider savings excluded from claims of goal
achieverents would include reductions in load due to market-driven
switching from electric to gas service., Load reductions from
electric-to-gas conversions should be counted for purposes of goal
compliance only when such switching results from electric utility
spendinc on efforts to overcome market barriers to cost-effective
conversion.

*This would also pertain to FPC and TECo if they in fact
incorporated free-ridership assumptions in their savings estimates.

¥gince the RIM only counts utility expenditures as coste,
the RIM cost-effectiveness of a measure can be improved by reducing
the utility incentive payment and increasing the participant share
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Reducing incentive levels, however, increases the share of free-
rider participants and savings; since free riders are customers
that would install the measure without any incentive, all increases
in participation and savings resulting from an increase in
incentive level will be from non-free riders. It is unlikely that
the utilities reasonably estimated this effect on free-ridership
from its reductions in incentive levels.”

In essence, the utilities may be needlessly increasing free-
ridership by relying solely on RIM-passing measures to meet goals.
As a result, the utilities could fall short of their gcals simply
because they declined the Commission‘s invitation to consider TRC
measures .

To determine whether goals have been met with non-free-rider
savings, the Commission‘'s compliance review will need to establish
from evaluation results the share of measured program savings
attributable to free riders. Based on ite review of evaluation
studies, the Commission may want to prescribe changes to program
strategies to reduce free-ridership, particularly if it finds that
free-ridership is undermining utility efforts to comply with the
goals requirements and that free-ridership is exacerbated by sole
reliance on RIM-passing measures. To ensure that it has sufficient
information to assess the effects of free-ridership, the Commission
should direct utilities to:

¢+ provide all free-ridership assumptions incorporated in savings
estimates in the DSM plans, and provide program-savings
estimates both gross and net of assumed free-rider savings;

. report program performance and cost-effectiveness results both
gross and net of measured free-rider savings;

e collect all process and impact evaluation data required to
verify free-ridership assumptions in the DSM plans.

V. Compliance Review and Enforcement

To hold utilities to their annual goals, the Commission will
need to review the performance of the utilities’ DSM programs on an
annual basis. These annual reviews can serve to enforce the
Commission’s command and control approach in two ways. First, the

of measure cogt. The Commission limited this practice by requiring
that tie measure also be cost-effective under the participant test,
which only counts participant expenditures as costs.

YHowever, the utilities have not yet provided the data
required to determine whether they accounted for the effect of
incentive levels on free-ridership.
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compliance reviews would carry the threat of financial pernalties
for inadequate program achievements in the previous year. Second,
the Commission can take timely action to increamre the likelihood
that future goals are met by prescribing improvements in program
strategies. ¢

Neither of these enforcement mechanisms would be as effective
if applied less frequently than on an annual basis. Although
retrospective penalties could be impc years after the fact,
their effect on utility decision-making would likely diminish as
the threat becomes less immediate. Prescriptions for program-design
changes could be crafted on the basis of more than one year’'s worth
of implementation experience.’ However, each year’'s delay in
effecting needed design improvements could mean another year of
noncompliance.

Fortunately, the Commission need not o new proceedings
solely for the purpose of reviewing goals achievements. Instead,
such reviews can be undertaken as part of the annual ECCR
proceedings.

There are a number of advantages to coupling an annual prudence
review of DSM spending with an assessment of savings achievements
from DSM spending. The Commission’s considerations of appropriate
remedies for inadequate achievements would benefit from evidence on
the prudence of a utility’s management of its programs; evidence of
imprudence could buttress arguments for Commission-mandated program
modifications in addition to performance penalties.’’ Alternatively,
a review of savings achievements could indicate that DSM budgets
were expended on ineffective or non-cost-effective program effcrts;
such findings could be germane to considerations of management
prudence.

Although we agree with the Commission’s decision to apply
penalties on a case-by-case basis, we recommend that the Commission
adopt a consistent approach for determining the magnitude of a
performance penalty. Adopting a penalty mechanism would signal
clearly the Commission’s intent to strenuously enforce its goals
directives. A formalized mechanism would also make transparent the

1n fact, the Commission may want to defer the first round
of compliance reviews until results from impact evaluations are
available. Full impact evaluations may take eighteen months to two
years to complete. However, interim results may be available in a
shorter time frame, especially if specialized evaluation techniques
are employed. See the discussion of implementation analyses above.

YHowever, the decision to impose a noncompliance penalty
should not be contingent on a finding of imprudence. Conversely,
cost disallowances could be warranted in conjunction with
performance penalties if program costs were imprudently incurred.
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utilities’ exposure to financial penalties if they fail to comply
with the goals mandates,*

Finally, a properly designed mechanism could be applied
symmetrically to provide either penalties for noncompliance or
shareholder incentives for exceeding goals with TRC measures or
programs that offer large savings with small rate effects. For
example, shareholder incentive mechanismg have been adopted in
several states that base the incentive on a share of the net
eéconomic benefits that result when pre-determined goals are
exceeded. In some States, these mechanisms are designed to impose
symmetrical penalties equivalent to a share of the net economic
loss resulting from a failure to realize Pre-set goals.

These shared -savings mechanisms generally rely on
straightforward methods to calculate and apply an incentive or
penalty for éxceeding or falling short of 4 pre-set goal. Gross
benefits are measured as the difference in avoided supply
(generation, T&D, reserve) costs avoided by the savings in excess
of the goal.* Net benefits are simply gross benefits less any
additional DsM spending to acquire the excess savings. The
shareholder incentive is then set as a percentage of total net
benefits. Where savings fall short of goals, the penalty
calculation mirrors that for an incentive.

The exact form of the penalty-incentive mechanism for goals
compliance does not need to be finalized at thig time. Instead, the
Commission should formally designate the annual ECCR proceedings as
the venue for itg compliance reviews and indicate its intent to
consider proposals for penalty-incentive mechanisms during the
first round of reviews. A directive from the Commission in this
regard will serve notice on the utilities of the Commission’s
commitment to finding equitable means for penalizing inadequata
achievements and rewarding exemplary performance.

‘“Adopting a formal penalty mechanism would not limit the
Commission’s authority toc impose additional Penalties or
disallowances for management imprudence.

“'The gross benefits are typically calculated as the
present value of avoided costs over the life of the excess savings.

“In some jurisdictions, the percentage share of net
benefits or loss increases with the amount that savings exceed or
fall short of the goal,

(5]
U




ORNLJCON-336

~HANDBOOK OF
EVALUATION OF UTILITY DSM PROGRAMS

ERIC HIRST AND JOHN REED
Editors

BENSON BRONFMAN, GEORGE FITZPATRICK, ELIZABETH HICKS,
ERIC HIRST. MARC HOFFMAN, KENNETH KEATING,
HARVEY MICHAELS, STEVEN NADEL, JANE PETERS, JOHN REED,
WILLIAM SAXONIS, ANDREW SCHON, AND DANIEL VIOLETTE
Authors

DECEMBER 1991

Sponsored by
New York State Energy
Research and Development Authority
David R. Wolcott, Project Manager
and

Office of Conservation and Renewable Energy

U.S. Department of Energy
Diane Pirkey, Project Manager

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831

managed by
MARTIN MARIETTA ENERGY SYSTEMS, INC.
under contract No. DE-AC05-84-OR-21400

‘for
U.S. DEPARTMENT OF ENERGY




SELECTED SPECIAL ISSUES ..... Rl Rt te (o (o n o /s /0 4 o 4 s wins oo bess 67

CONCLUSIONS ......cc0000 RSP TaYANS o 8 B bl o S L 71
. REPORTING AND USING EVALUATION RESULTS . .............. .. 73
INTRODUCTION ......... DB R & s. s w0 v s 5 s 80 000 s sssvas 73
REPORTING EVALUATION RESULTS . ...cvvvvrvnnnnsannnnrnnes 73
USING EVALUATION RESULTS .. . civersananrnnntnncnnnsannns 81
CONCLUSIONS ......ccovcevsnnnnnss CIRERTA 2 s 2% v 4 s 8k e ass s aaiasnisa 88
. PERSISTENCE OF ENERGY SAVINGS .......coiivvninnnnannnncann, 89
INTRODUCTION & «.os's s 4 /als /s wintetainisie's BRI s e a2 s a7 e 89
UNDERSTANDING THE ISSUES & ... icivenoscransrsnnennnnnnss L
METHODOLOGIES AND ISSUES IN PRIOR RESEARCH ............ 93
CURRENT ANDPLANNEDRESEARCH ..............c.coivvunnnnn 98
PROGRAM IMPLICATIONS AND CONCLUSIONS .................. 98
. USE OF LOAD RESEARCH IN EVALUATION ...........c0c00viinnn 101
INTRODUCTION .. ...00ausiss LR T I  h 8 0 a2 20 a s 0/s 6ie4e s aan s 101
LOAD-RESEARCH PROGRAM ACTIVITIES . .. .. . ..ovviinnennns 102
THE COST OF LOAD RESEARCH ... . cicaviarcnnrencinnnnnnns 112
ORGANIZING LOAD-RESEARCH PROGRAMS ................... 115
APPLICATIONS OF LOAD RESEARCH TO EVALUATIONS ......... 115
JOINT UTILITY END-USE MONITORING ..............0 coieunn 118
CONCLUSIONS .. ... ceiansis vats A IO R R 118

. FREE RIDERS AND OTHER FACTORS THAT AFFECT
NET PROGRAM IMPACTS .. .cocvrneeravnsrsnncanrocanans 119
INTRODUCTION .. .cnvaessancnna L R T R R T e 119
FREE-RIDER MEASUREMENT ........ R IR1e T2y s (ain 4 o s 'new 6iin uH s 120
SURVEYS TO MEASURE FREERIDERSHIP ..................... 121
MARKETPLACE DATA TO ESTIMATE FREERIDERS ............. 127
COMPARISON GROUPS TO ESTIMATE FREERIDERS ............ 129
STATISTICAL MODELS TO ESTIMATE FREERIDERS ............. 130
FREE DRIVERS ...... AR A Sohals b s vies s PP 132
DISCUSSION AND CONCLUSIONS ....ccocivnerninrararinnnnnns 133
. PROCESS EVALUATION OF DSM PROGRAMS ..............ccconnnn 135
BACKGROUND ....... cocresasssnsssssssnstosssssasanssosss 135
KEY ISSUES .. ..ciorssioeanasisainasiatatteRaitenasia.e s sy e e sesesese 136
DATA COLLECTION AND ANALYSIS .......cc.ciiinnnnnnninnns 141
REPORTING AND USING RESULTS . ... .ccoverracnacancancacnns 145
LINKS BETWEEN PROCESS AND IMPACT EVALUATIONS ......... 145
CONCLUSIONS ......c00000a A 5 B Yeth io.s w/n s s wivww o508 147
ACKNOWLEDGMENTS ....:i000000000nss ST A BTars ala's sa b i el ee 149

v




PREFACE

Diane Pirkey
11.S. Department of Energy
and

David R. Wolcott
New York State Encrgy Research and Development Authority

We are pleased to have the opportunity to produce this handbook on thc evaluation of
utility demand-side management (DSM) programs. This volume is the result of a research
project that was cosponsored by the Integrated Resource Planning programs of the New
York State Energy Research and Development Authority and the U.S. Depariment of
Energy.

Program evaluation has become a central issue in the world of utility integrated resource
planning. The DSM programs that utilities were operating to meet federal requireiuents or
10 improve customer relations are now becoming big business. DSM is being considered an
important resource in a utility’s portfolio of options, In the last five years, the amount of
money that utilities have invested in DSM has grown exponentially in most regulatory
jurisdictions. Market analysts are now talking about DSM being a 530 billion industry by the
end of the decade. That is enough money to warrzat serious efforts to determine how
effectively utilities are carrying out the mission of implementing energy efficiency in their
customers’ facilities.

If the large volume of DSM-program investments was not enough to highlight the
importance of evaluation, then the introduction of regulatory incentives has really focused
the spotlight. Many regulators now understand the importance of aligning a utility’s
profitability with integrated resource planning goals as the means of obtaining the
enthusiastic support of utility management for DSM. Various mechanisms have evolved to
allow a utility to recover its costs and earn a bonus for successfully and aggressively acquiring
DSM resources. The most popular mechanisms pay the utility either a "bounty” per unit of
energy saved or a "shared savings" percentage of the total resource savings generated by a
DSM program. In both cases, the incentive is based on the amount of energy saved, which
can only be determined by some evaluation method. In this context, evaluation has gained
the attention of all the participants in utility rate cases, from regulatory accountants to
ratepayer advocates, Evaluation has come of age!

This handbook was developed through a process that involved many of those people who
represent the diverse constituencies of DSM-program evaluation. For example, a team was
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PREFACE

Diane Pirkey
US. Department of Energy
and

David R. Wolcott
New York State Encrgy Rescarch and Development Authority

We are pleased to have the opportunity to produce this handbook on the evaluation of
utility demand-side management (DSM) programs. This volume is the result of a research
project that was cosponsored by the Integrated Resource Planning programs of the New
York State Energy Research and Development Authority and the US, Department of
Energy.

Program evaluation has become a central issue in the world of utility integrated resource
planning. The DSM programs that utilities were operating to meet federal requirements or
10 improve customer relations are now becoming big business. DSM is being considered an
important resource in a utility's portfolio of options. In the last five years, the amount of
money that utilities have invested in DSM has grown exponentially in most regulatory
jurisdictions. Market analysts are now talking about DSM being a $30 billion industry by the
end of the decade. That is enough money to warrant serious efforts to determine how
cifectively utilities are carrying out the mission of implementing energy efficiency in their
customers’ facilities.

If the large volume of DSM-program investments was not enough to highlight the
importance of evaluation, then the introduction of regulatory incentives has really focused
the spotlight. Many regulators now understand the importance of aligning a utility’s
profitability with integrated resource planning goals as the means of obtaining the
enthusiastic support of utility management for DSM. Various mechanisms have evolved to
allow a utility to recover its costs and earn a bonus for successfully and aggressively acquiring
DSM resources. The most popular mechanisms pay the utility either a "bounty” per unit of
energy saved or a "shared savings” percentage of the total resource savings generated by a
DSM program. [n both cases. the incentive is based on the amount of energy saved, which
can only be determined by some evaluation method. In this context, evaluation has gained
the attention of all the participants in utility rate cases, from regulatory accountants to
ratepayer advocates. Evaluation has come of age!

This handbook was developed through a process that involved many of those people who
represent the diverse constituencies of DSM-program evaluation. For example, a team was




organized in New York, composed of regulatory staff, environmental advocates, utility
personnel, and state energy policy planners. The group selected the handbook topics,
suggested chapter authors, and produced a successful conference that brought he chapter
authors together with almost 200 DSM practitioners. The resulting “chemistry,” involving
many different points of view, had a lot to do with the success of this handbook.

We have come to recognize the many technical disciplines that must be employed to
evaluate DSM programs. An analysis might start out based on the principles of utility load
research to find out what happened, but a combination of engineering and statistical
smethods must be used to "triangulate” an estimate of what would have happened without
the program. The difference, of course, is that elusive but prized result of evaluation: v-hat
happened as the direct result of the DSM program. Technical performance of DSM
measures is not the sole determinant of the answer, cither. We also recognize the
importaice of such behavioral attributes of DSM as persistence and free ridership. Finally,
DSM evaluation is meaningless without attention to planning an approach, communicating
results 10 relevant decision-makers, and focusing as much on the process as the impacts of
the program. These topics are all covered in this handbook.

We were honored that each of the authors of chapters in this handbook was our number one
pick as the most authoritative person on each of these particular topics. This is a world-class
group of authors, made more so by our editors, Eric Hirst and John Reed. We are indebted
to both of them for having the vision to see the need for this volume, the technical
competence to "pull off" a credible result, and the perseverance and discipline to produce
such a professional product. We are sure you will agree that this handbook makes a
significant and original contribution to the field of DSM-program evaluation.




ACEEE
BPA

Cl

C&l
CMP

DOE
DSM
EDA
EIA

EPRI

ESCO
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PG&E
PRISM
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R&D
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SAE
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LIST OF ACRONYMS

American Council for an Energy Efficient Economy
Bonneville Power Administration

Confidence interval

Commercial and industrial

Central Maine Power Company

U.S. Department of Energy
Demand-side management
Exploratory data analysis

Energy Information Administration
Electric Power Research Institute

Energy service company

Hybrid statistical/engineering model
Heating, ventilating, and air conditioning
New England Electric System

Personal computer

Pacific Gas & Electric Company
Princeton Scorekeeping Method
Public service commission
Public unlity commission
Research and development

Request for proposals
Statistically-adjusted engineering
Standard deviation

Space heating

Standard Industrial Classification

Weatherization Assistance Program
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WHAT IS EVALUATION?

evaluations

] Document the €nergy savings, load reductions, and cost-effectiveness of DSM
pPrograms

[ ] Show how to improve Programs by increasing Participation rates, raising energy
savings, or cutting costs

L] Suggest ways 1o improve the design of future programs

u Support DSM budgets before the utility's budget committee

] Provide data 10 improve the company’s load forecasts and Fesource planning
Utilities should measure the performance of DSM Programs with the same competence and

decades, utiljgjes have developed detajled information on construction costs ang time;
vPeration. maintenance, ang fuel costs; hear rate, availability factor, ang Capacity factor: the
duration and causes of each outage; angd fuel consumption, plant Ouput, and emissions for
cach of their power Plants. Because the history of DSM Programs is so short, comparable
data generally do poy exist for tnergy-efficiency and 8€ment programs on
Program-participation rates, energy savings (GWh), load Feductions (MW), and program
costs (Hirst and Sabo 1991).

TYPES OF EVALUATION

Evaluators typically speak of two types of evaluation, Process evaluations examine program
Operations 1o identify how well the program js implemented ang 10 suggest ways 1o improve
program delivery (Fig. 1). Such evaluations focus on Program goals, history, and activities
and often are based on Interviews with utility program staff, program managers, participants,
and trade allies,




evaluations provide important insights that can be used to interpret findings from impact
evaluations.

Impact evaluations examine the effects of the program (Fig. 1). They provide quantitative
documentation of program benefits and costs. Impact evaluations measure program
participation, participant acceptance of the recommended DSM measures and practices,
performance of the DSM technologies promoted by the program, program energy and load
reductions, and program costs.

Impact evaluations compare what happened to program participants with what would have
happened to participants if the program had not existed. These evaluations deal with two
aspects of energy savings and load reductions. Tosal savings are the changes in annual
electricity use and peak demand experienced by participants in the utility's program. Ner
savings are the portion of the total savings that can be directly attributed to the utility
program (Fig. 2).

Net savings are the difference berween total savings and the savings that participants would
have achieved had the program not existed. Nonprogram savings reflect customer responscs
to changes in electricity and fossil-fuel prices, changes in economic activity or personal
income. introduction of new electricity-using technologies, and other nonprogram factors.
While it is possible to measurc directly total savings, nonprogram savings cannot be
measured because the program exists. Estimation of nonprogram savings requires a
comparison group to approximate what program participants would have done without the
program. Nonparticipating customers that are eligible for the program are often used as a
comparison; sometimes, preparticipation data for participants is used as a comparison.
Using cata from nonparticipants and preprogram data from participants can often give ihe
most reliable estimates of net effects.

Energy savings and load reductions are determined primarily by analyzing monthly electricity
hills and load-research data. These electricity-use cata are often supplemented with data
on weather, occupant and equipment characteristics, faciuty characteristics, and program
records. Depending on the purposc of the programs, evaluations focus on energy savings
(GWh), peak-load reductions (MW), or changes in load shape. ,

THE EVALUATION PROCESS

Table 1 lists the activities associated with an evaluation. First, the purposes of the DSM
program ana the objectives of the evaluation need to be clearly identified. The goals of the
evaluation depend on the goals of the program. In particular, the evaluation should focus
on topics that will inform future decisions about the program. Evaluation goals, in turn,
affect the design of the evaluation. If for example, the program is just beginning, the
evaluation will probably focus on program process because an impact evaluation would be
premature. If, on the other hand, a pilot program is ready to be implemented systemwide
and the expanded program is expected to contribute substantial energy or capacity resources,
then an impact evaluation is appropriate.
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Table 1. Sequence of activities in evaluating DSM programs

Plan evaluation
Identify program goals and tuture decisions
Determine purposes of evaluation and questions to address
Identify evaluation resources (budget, staff, time, data, and analytical methods)

Implement evaluation
Define populations to sample
Collect data (program records, weather data, monthly electricity bills, customer surveys,
interviews with program staff, and end-use load monitoring)
Analyze data

Present evaluation results
Review results with program implementation and planning staffs
Report results to utility executives and to the PUC
Prepare final report and briefings
Act on findings

The level of effort (dollars and staff) devoted to the evaluation needs to be determined at
this stage. The evaluation should reflect the importance of the program itself. Evaluations
need to be carefully planned so they address the major issucs of the particular DSM
program. Evaluations also should examine alternative explanations for what occurred (called
threats to validity in the evaluation literature). Such threats include history (another event,
such as an increase in electricity prices, that was responsible for the observed changes),
selectivity bias (program participants and nonparticipants may differ in ways that affect their
electricity use), and instrumentation (errors in the methods used to measure changes in
electricity use). Finally, the evaluation plan should identify the data that will be ccliected.
by whom, how, and when.

Implementing an evaluation includes the selection of samples of customers, utility employees,
and vendors to interview and the development and testing of the questions to ask them.
Other data sources, such as utility billing records, local weather data, and program records
are identified and collected at this stage. The objectives of the program and its evaluation
will suggest what types of data are most impontant. If the program is aimed at reducing
demand during system peak (e.g., a direct load-control program), then load-research data
may be required. If the program is intended to improve overall energy efficiency (e.g.
through rebates for efficient appliances and lighting), then monthly billing data are suitable.
These data then need to be merged, checked for errors, and analyzed.

Finally, evaluation results are prepared. This involves first a review of the results with
program staff and management. Then results are presented to utility executives, and repons
are prepared for internal and external distribution.




EVALUATION SKILLS

The evaluation group in a utility should include professiona’s with diverse educational
backgrounds and experience. Appropriate skills include market research, economics,
psychology, sociology, statistics, engineering, and business. The group should possess a mix
of personal, communication, technical. and analytical skills to deal with the diversity of issues
that arise in planning and conducting evaluations.

Technical skills are required to examine and use alternative data sources, inciuding energy
audits that identify cost-effective DSM options, and special meters and wiring used to
measure end-use load-shapes. Analytical skills are needed to address a variety of potential
problems that can confound interpretation of evaluation data. These problems include
accuracy of self-reports in surveys, nonresponse to surveys, self-selection into the program,'
and differences between early and later participants. Statistical skills are needed to define
sample frames and suitable sampling methods and to define appropnate sample sizes.
Computing skills are needed to manage and ensure the quality of the large and diverse data
sets created for evaluations. Personal and communication skills are needed because
collection of evaluation data and application of evaluation results depend on the cooperation
of people in other departments within the utility.

A recent study of energy savings stimulated by retrofits in commercial buildings llustrates
the complications that can occur in interpreting evaluation data and results and, therefore,
the importance of capable evaluators (Exhibit 1).

EMERGING TRENDS

Surveys conducted by the Electric Power Research Institute (EPRI) show that U.S. electric
utilities are conducting more than 1300 DSM programs. In 1990, these programs cut annual
electricity use by 1.3% and cut summer peak demand by 3.7% (Faruqui et al. 1990). The
energy and load impacts of utility programs are likely 10 increase dramatically during the
next_two decades (Hirst 1991). Several factors that affected utility DSM programs in the
1980s will change dramatically during the 1990s to increase the size, scope, cost, and
effectiveness of DSM programs, including:

= Growing interest in integrated resource planning, which involves explicit consideration
of DSM programs as cost-effective alternatives to some new power plants

] Increasing public concern about the environmental effects of electricity production
and transmission, especially global warming and acid rain

IBecause participation in most programs is voluntary, there may be important differences
between those who choose to participate and those who choose not to participate.
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Exhibit 1. Enginccring audits, billing data, and
end-use data yicld different interpretations

Puget Energy Services (1991) used engineering analyses of the measures actually instalied,
monthly billing data, and end-use load data (o estimale electricity savings (or a few commercial
buildings in the Pacific Northwest. These buildings had been retrofitted as part of a
conservation program run by the Bonneville Power Administration (BPA). Although, on
average, the three sets of estimates agreed closely, the differences for individual buildings were
quite large (Fig. 3). For only five of the eleven buildings with end-use load-research data did
the engineering predictions fall within 20% of the “actual” savings. Three of the buildings
showed negarive savings, based on analysis of monthly electricity bills.

These differences in estimates of energy savings arc less a question of finding the correct
answer than of defining the appropriate question to ask. For example, monthly billing data and
end-use data measure different properties. Billing data measure changes in electricity use for
the building as a whole, whercas the load-research data measure changes in electricity use for
particular end uses. Thus, changes in equipment and operating practices for end uses not
covered by this retrofit program show up in the billing data but not in the load-research data
or the engineering analyses.

ESTIMATED SAVINGS (kWh/Nt")
s E AUDITS I i
o JELECTRIC BILLS

i END-USE DATA

T W -

RETROFIT BUILDINGS

Fig. 3. Estimates of electricity savings in 15 retrofit commercial buildings in the Pacific
Northwest (Puget Energy Services 1991).




[ Provision of financial incentives to utility shareholders for implementing cost-effective
DSM programs :

= Growing recognition of the powerful role that utilities can play in overcoming market
barriers to the adoption of cost-effective energy-efficiency opportunities

Perhaps the most important of these changing trends (and the onc most likely to affect
evaluations dramatically) is the provision of financial incentives. Such regulatory mechanisms
already exist in Massachusetts, Rhode Island, New Hampshire, New York, and California
and will soon be adopted in several other states. All seven utilities in New York State have
incentive systems in place (Gallagher 1991).

The most popular incentives use shared-savings mechanisms, in which the utility keeps part
of the net benefit provided by its DSM programs (Fig. 4). The net benefit is the difference
between the total benefits and program costs. Total benefits are typically defined as the
amount of energy saved by the program multiplied by the avoided energy cost plus the
amount of demand reduction multiplied by the avoided capacity cost. The cntical element
in computing net benefits is estimating energy and demand reductions, the province of
program evaluators.

Consider a hypothetical commercial lighting program as au example of the ambiguities in
a carefully conducted evaluation. The program is aimed at medium-size office buildings and
includes general information and onsite lighting audits. These activities identify suitable
lighting measures and encourage the customer to apply for the 50% rebate offered by the
utility. The rebate helps defray the costs of energy-efficient lamps, ballasts, fixtures, and
controls.

The utility ran a comprehensive evaluation that included three elements, using approaches
discussed by Violette et al. (1991) and XENERGY (1990):

L Analysis of two years of electricity billing data, one year before participation and one
year after, for samples of participants and eligible nonparticipants

u Thirty days of time-of-use metering, pre- and postretrofit, of a sample of lighting
circuits for a sample of participants only (no comparison group)

n Engincering analysis of the energy and load reductions caused by the measures
cctually installed by participants (again, no comparison group)

The utility used multiple methods to estimate program savings because cach method is
imperfect. If the utility knows how the results of these disparate methods will be used to
determine program effects, such triangulation can build confidence in the estimates
ultimately used. Not surprisingly, these approaches and their associated analytical
procedures gave different estimates of net energy savings (Table 2); for simplicity, the load-
reduction effects of the program are ignored in this example.




UTILITY EARMINGS (MT)

NET BENEFIT ;

PROGRAM COSTS
TOTAL BENEFIT OF DSM PROGRAMS. |

oy p——

0 1 2 3
BENEFITS OR COSTS (M$)
Fig. 4. Schematic showing the mechanics of a shared-savings mechanism to reward

utility shareholders for implementing cost-effective DSM progiams. In this
cxample, the program is expectad to cost $1.6 million, the total benefits are
qpnmdmb:mml.lndthmlbueﬂththm!ljnﬂlim.
Sharcholders carn $0.19 million if the utility achicves its net-benefit target of
$1.3 million.

Comparison of pre- and postretrofit electricity use, based on monthly biliing data, for
participants showed a reduction of 9600 kWh/year per rebate participani. Nonparticipants
showed a small increase in electricity use during th: same two-year period. (The local
economy was growing during this period, which led to higher occupancy levels and longer
hours of operation for office buildings. These changes in building use explain the increase
in electricity use for nonparticipants.) And the customers who received a lighting audit but
did not apply for the rebate (one-third of the total number of customers that received
audits) cut their consumption slightly. Table 2 shows the roughly 50% difference in
estimated annual electricity savings, based on analysis of billing data. These differences
depend on whether participant savings are adjusted for nonparticipant changes in electricity
use and for the savings achieved by audit-only participants.

The data from ad hoc metering showed savings about the same as those from analysis of the
billing data for the participants only. Complications arose in scaling up the metering results
to a full year. The metering covered roughly 60 days during a three-month period, with the
middle month devoted to installation of new lighting measures. The amount of electricity
used for lighting varies with season, and is larger in the winter than in the summer. On the
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the net benefit exceeds $753 per rebate participant. Again, following Fig. 4, the incentive
feaction is 38% of the net benefit above the 60% threshold level. Thus, the structure of the

incentive mechanism adds more leveraging in going from net benefits to utility incentive.

While the use of evaluation results in contested regulatory proceedings may become a
particularly difficult issue for evaluators, many other challenges are likely to face utility
evaluators (Table 3). For example, as the budgets and staffing for evaluations increase, it
will become more important to coordinate cvaluations with other activities in the utility,
including market research, load research, load forecasting, DSM-program planning, and
integrated resource planning.

Table 3.  Challenges likely to face evaluators of utility DSM programs in the 1990s

Role of evaluation in contested PUC hearings

Integration of evaluation with other customer-analysis activities
Measurement of the long-term durability of energy savings
Definition of key DSM-program terms

Development of standard approaches for evaluation
Evaluation of the performance of DSM technologies
Measurement of the savings from DSM-bidding programs
Evaluation of DSM programs that aim to transform the market

HANDBOOK CONTENTS

Chapters 2 through $ are organized around the evaluation process shown in Table 1.
Elizabeth Hicks describes the steps associated with evaluation planning in Chapter 2.
Harvey Michaels, Marc Hoffman, and Andrew Schon explain the various types of data that
are collected for evaluations in Chapter 3. Daniel Violette presents alternative engineering,
statistical. and combined techniques to analyze evaluation data in Chapter 4. And Steven
Nadel explains how the voluminous evaluation data and analyses can be presented (0
different groups in Chapter 5.

Chapters 6 through 9 discuss several critical topics that pervade evaluations of DSM
programs. Kenneth Keating presents data and suggests methods to measure the long-term
energy and load reductions caused by utility DSM programs in Chapter 6. George
Fitzpatrick discusses end-use load-research data (data that are particularly detailed, valuable,
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PLANNING EVALUATIONS

Elizabeth Hicl

INTRODUCTION

This chapter discusses the critical steps in planning an evaluation (Exhibit 2). Perhaps the
key is identifying evaluation goals. Of necessity, evaluation goals must be closely linked to
program goals. The various stakeholders in an cvaluation may have different goals and may
differently perceive the importance of shared goals. Obtaining agreement On evaluation
goals among the stakeholders is one way of building commitment 10 evaluation and the use
of evaluation results.

Marshaling resources is an important part of any evaluation plan. One aspect is identifying
baseline information requirements and locating the available information. Another part of
the resource puzzle is mobilizing information-system resources. Determining budget and
staffing is a significant element in any plan. The skills of the available staff will determine
whether evaluations are done in-house or arc contracted. Successful evaluations usually
require the coordination of resources among many departments within the utility, which in

turn requires a good deal of planning and political skill.

Selecting an evaluation approach is an important step. Which evaluation approach is chosen
depends on a variety of factors, including the size of the program, the life cycle stage of the
program, the available resources, the goals of the program, the goals of the evaluation, how
the evaluation will be used, regulatory interest, the possibility of collaborative efforts, and
the characteristics of the utility (including future capacity needs and the extent 10 which
evaluation results may influence rates and incentives). Finally, developing a rescarch design
is a critical part of the evaluation-planning function. The research design identifics when
measurements are made, which measurements are taken, and how the measurements are
analyzed. A good research design will help to unambiguously answer the question of
whether a program has been effective by ruling out alternative explanations for any observed
effects.

EVALUATION GOALS

Evaluation needs should be considered at the initial stages of program design. Program
design will influence evaluation requirements, the type of evaluation conducted, and the
extent of evaluation activities. And evaluation design may influence the nature and timing
of program activity (¢.g., the type of data collected and the timing of data collection).
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Exhibit 3. mun[ﬂﬂuﬁnupkmwﬁnﬂln-h

As part of a three-year. multimillion dollar evaluation of the U.S. Department of Energy
(DOE) Weatherization Assistance Program (WAP), Beschen and Brown (1991) prepared a
detailed evaluation plan. This plan began with enumeration of the purposes for this major
eveluation. These evaluauon objectives led, in turn, 10 € of several studies o
address one or more of the objectives (Table 4). For cxample, the impact evaluation of single-
family homes weatherized in 1989 will examine energy and nODENErgy impacts, cost-
effectiveness, factors that account for program Success, and the remaining potential for encrgy

savings.
Table 4. Rdlthuhipn[mﬂullilﬂphmﬁnmdhhmm:hhﬂmﬂbr
income Weatherization Assistance Program
=7 ; Related ;
Fuel Single- High-density WAP Eligible
oil family multifamily network client
study  study study  characterization profile
Estimate encigy savings B L L L
Assess nonenergy impacts ® L
Assess cost-effectiveness L] L 3]
Analyze contributing factors ] e L] (&) o
Characterize eligible population o} O o] ®
Describe WAP network capabilities 0 o) O L o
Define promising opportunitics o] @ ® L L
O = Minor focus @= Major focus

in maximizing revenues or making the company appear responsive to environmental
concerns, a vice president may be interested in increasing control over program resources,
and a program manager may be interested in demonstraling cffectiveness as a program
manager. All parties with a stake in the evaluation should be involved in setting the goals
of the evaluation. This involvement may be accomplished by joint goal setting, collaborative
processes, OF regulatory proceedings. Changes in goals or in the scope of proposed
evaluations need to be communicated in a timely fashion by the evaluators 10 the other
parties (Hicks 1990).

15
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Evaluations, particularly process evaluations, are inherently political. A clear understanding
of the issues to be examined in a particular evaluation will likely reduce potential conflicts
and will contribute 1o constructive comments as well as 1o the use of the evaluation results
(McRae 1990). If evaluation results are to be accepted and used, all interested parties must
be involved in setting the evaluation goals.

At the utility level, this policy implies that evaluation, planning, and implementation staff
work jointly to establish evaluation goals, requiring a mutual understanding of program and
evaluation tasks and processes. Each evaluation must be tailored to the individual program
(Rossi and Freeman 1982). Outside parties who have been involved in program design as
part of a collaborative planning processes and/or parties who may review programs and
program resulis, such as regulators, should also be involved in developing evaluation guals.
If evaluation results will be used to determine a financial incentive for the uuility, all
interested parties should jointly develop guidelines for this procedure and agree on the
samples, data, and analyuc procedures that will be used to deterimine the incentive.

How the evaluation results are to be used should be factored into the planning of the
evaluation and the setting of goals (Chapter 9). Evaluations can provide feedback on
program performance, improve planning estimates, and provide cost-benefit analyses of
DSM programs. An emerging trend is to use impact-evaluation results to establish utility
DSM-incentive payments. Implementers often have specific questions (e.g., what will be the
effects of different rebate levels on participation ratss or cost-effectiveness?) that need to
be examined in the evaluation.

Utilities operate different types of programs, research and development (R&D) programs,
piot programs, full-scale innovative programs, and mature system-wide programs.
Evaluation goals will vary with the rype of program.

In an R&D program. a small number of customers is treated, and the results are measured
carctully. Generally, the objective of this type of program is to develop beiter esumates of
impacts of a technology or a delivery mechanism and o identify potential implementation
problems. An example of such a program might be a space-heating (SH)-control experiment
conducted in 50 homes with end-use metering. The purpose of the experiment might be to
see how SH could be controlled without causing significant discomfort to customers. This
type of experiment can give a good indication of the potential gross demand savings, but it
would not be useful for determining free-ridership levels. Detailed monitoring of specific
technologizs, testing of delivery mechanisms, and innovative rate experiments are other types
of R&D programs.

A pilot program is a moderately-scaled version of a program with several hundred to several
thousand participants, which later may be run at full scale. The purpose of a pilot program
is to improve the organizational efficiency of a program and to identify organizational and
technological problems that could prove costly if the program is run at full scale. Process-
evaluation results may be used to fine-tune the full-scale program design. Preliminary
impact evaluations are performed with traditional methods, such as billing analysis, although
the program may become a full-scale program before an impact evaluation is completed.
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A full-scale innovative program is one that is open to all customers of a given class and that
the utility is still refining. The refinements may include adding or deleting measures,
changing the incentives, or providing more services to the customer. Either process- or
impact-evaluation techniques might be used to evaluate this type of program. And these
programs present an interesting challenge because the results from an evaluation can quickly
become dated if the program changes. To illustrate, if the incentive structure for a program
is changed, earlier free-rider estimates will no longer be valid.

Steady-state programs are those that have been operating for several years and have reached
the point that program changes are minor and several impact evaluations have been
completed with consistent results. Evaluations for this type of program may be focused an
fine-tuning the program’s operation and/or on examining the persistence of savings.
Evaluations for this type of program may not require large amounts of resources and may
largely be based on records maintained by program implementers and the billing
department. Very few utility programs currently are at this stage although a few examples
exist, such as Seattle City Light's multi-family retrofit program (Okumo 1990).

Many evaluation studies. regardless of cost or sophistication, are not used by practitioners
(Franklin and Thrasher 1976). Part of the resson may be the lack of management
commitment o evaluation. Obtaining management commitment is usually casier if the
evaluator can provide evaluation results in a timely fashion and if the results are relevant
to management decision making. In such a situation, the evaluator must anticipate decision-
maker information requirements and the time frames in which decisions must be made. The
evaluator must communicate with decision makers about their needs and may need to help
them analyze their information requirements. The timeliness issue may shape the nature of
the evaluation because it may require the use of results from other studies, it rnay limit
efforts 10 a process evaluation, or it may limit impact measurements to a small sample. If
management is committed to evaluation, the staff, time, and money needed to perform good
evaluations will be made available, and evaluation findings will be used.

A major consideration in setting evaluation goals is determining the characteristics of the
utility system. The evaluator needs to keep in mind such things as whether a utility is
summer or winter peaking, whether it is energy or capacity constrained, and whether avoided
costs vary significantly with time. These factors will guide how much emphasis to place on
measuring energy or demand impacts and whether time-differentiated impacts are needed.

For example, two utilities may offer a similar commercial lighting program. Utility A is
capacity constrained and has very large time-of-day and seasonal differentials in its avoided
costs. Utility B does not need capacity for 15 years; most of its baseload generation is coal
and it has a very small differential in avoided costs between on and off peak. Utility A may
focus its evaluation on when the savings occur during the day and season while utility B may
only need to determine total kWh impacts with little regard for load-shape effects.
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BASELINE INFORMATION

A crucial element in planning for evaluations is taking stock of the internal and external
sources of information about a utility’s customers. Basic customer information is particularly
useful in planning and evaluating DSM programs. At the very least it is useful to have load
data by customer class or by building type as well as information on appliance characteristics
and saturations and commercial and industrial (C&I) building stock (Fig. 5). This
information, if not kept in the departments that perform DSM planning or evaluation, might
be found in the load-research, market-research, or load-forecasting departments. Other
possible sources include neighboring utilities, EPRI, the Energy Information Administration
(EIA), the Bureau of the Census, and state agencies, especially state energy offices. If this
information is not available, the evaluation group may have to collect it, and the cost of this
data collection will need to be factored into budget planning.
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Fig. 5. Data and estimates on annual electricity use by building type and end use for

the commercial sector in the Georgia Power service area. This information
is important for DSM technology and program screening because it helps to
idenufy the market segments with the largest potentials.

PLANNING FOR INFORMATION-SYSTEM REQUIREMENTS
Information systems that contain data on program activities and installations associated with
a particular program are important to any large-scale evaluation effort. Depending on the

utility and the nature of the program (R&D, pilot, or full-scale), information-tracking systems
may be program specific or part of the larger corporate information-management systems.
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The program evaluator needs to be very careful about creating a program-specific
standalone information system that is independent of other corporate systems because
evaluation data often need to be integrated with other corporate databases,

Generally, data from program databases and the corporate information system are needed
to make initial estimates of program savings. Ideally, these systems contain information on
such items as rate class, building type, Standard Industrial Classification (SIC) code,
measures installed, hours of facility operation, and costs of measures, information that is
essential to process and impact evaluations.

Evaluation requirements should be considered when program databases are being developed.
Often this foresight is not practiced, and evaluation information is collected later through
different systems. This difference can lead to inconsistencies that are difficult to reconcile
during the evaluation. Evaluators should work closely with program implementers and
information-systems people to ensure that their data-collection needs are met. Evaluators
should also perform validity and quality-control checks throughout the life of a program
(especially in the early stages) to assure the quality of the data. Evaluators should discuss
their data requirements with the corporate information manager before the program or the
evaluation gets underway rather than after it is started.

STAFFING AND BUDGETING

Once general evaluation planning has started, the utility will need to consider boh budgeting
and staffing. Clearly, the evaluation effort should be commensurate with the scope of the
program, the importance of the program, and the use to which the evaluation results will e
put. The cost of an evaluation can range from 1 to 10 percent of DSM spending. Staffing
may vary greatly, depending on corporate structure and how consultants are used.

Staffing

An early consideration is where evaluation fits in the corporate structure. Utilities handle
this differently, and there is no right answer. Typical structures include:

= Evaluation and implementation can be ke separate (e.g., under a different
vice president) as is currently the case at Power (CMP)

" Evaluation and implementation can be placed under the same vice president with
different directors or managers, as is currently the case with New England Electnc
System (NEES), Pacific Gas & Electric (PG&E), and Northeast Utilities

L] Evaluation can be combined with program planning with or without the same vice
president as implementation

= Evaluation can be combined with load research or market research

L] Evaluation can be combined with load forecasting
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Each of these structures has its strengths and weaknesses. Separating evaluation from
implementation avoids perceptions of conflict of interest and is effective provided frequent
and good communication occurs between the groups. Having evaluation and implementation
under the same vice president can ensure that conflicts are resolved quickly but may lead
i0 perceptions of a conflict of interest. This arrangement also increases the likelihood that
evaluation results will be used in revising and planning programs. Combining evaluation with
planning has the advantage of sharing personnel and skills but may lead to situations at
startup in which personnel are more focused on planning and refining programs than on
evaluating programs (Franklin and Thrasher 1976). Combining evaluation with load
research can lead to strong data collection. A combination with market rescarch may
provide economies of scale in company-wide market research as well as provide evaluators
with good access to customer information; but it may tend toward a focus on market issues
rather than technological or persistence issues. [t is hoped that a utility will structure
evaluation activities to achieve the strongest possible balance among competing interests.

Another consideration concerning staffing is the amount and type of evaluation work 10 be
done by in-house personnel and by consultants. This decision will determine the type of
personnel that the in-house evaluation group will need. For reasons of credibility and
objectivity, utilities generally prefer to have consultants perform process evaiuations. This
is not to say that a distinctly separate in-house evaluation group could not undertake process
evaluations. Indeed, when evaluation and implementation had different vice presidents at
NEES, some process evaluations were done in-house. Even in this situation, though, a utility
might use a consulting firm to conduct survey work unless the company has a strong market-
research department capable of doing its own surveys and having its own phone bank for
surveys. Most utilities will probably opt to contract for process-evaluation work.

Impact evaluations can involve analysis of customer electricity bills, metering studies, and
engineering studies. These can be done by in-house staff or by consultants. Billing and
other statistical analysis of customer kWh data typically involves sample design, extraction
of customer information from implementation databases, extraction of billing data from
billing files, customer surveys, and the analysis of bills. Even if a consultant is used, the
utility staff will probably have to extract the data from the implementation and billing
databases, a time-consuming step. The decision to complete the other tasks with in-house
personnel should be based on the qualifications and availability of utility staff. A utility with
strong load-research capabilities and a strong metering department may find it casier and
less expensive to do its own metering. Significant advantages accrue to having utility staff
who understand metering devices and are available to maintain metering equipment. In
some cases, a utility may want a mix of direct employees and contract workers: a utility
might use its own staff to place end-use meters on residential water heaters and to place
whole-building meters at SH-customers' sites, and might use a contractor to install end-use
meters on HVAC systems. Engineering analysis could be done by utility staff or by a
contractor.

In-house personnel requirements are determined by the decision on how much work will be

done by consultants. If most evaluation work is being done by consultants, the utility need
not have specialists in every evaluation area. In this situation, utility staff should probably
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be good project managers and have experience managing contracts. As discussed in
Chapter 1, appropriate backgrounds include market research, economics, psvchology,
sociology, policy analysis, statistics, and engineering. If the utility chooses 10 do much
impact-evaluation work in-house, expertise in certain areas is essential. These areas include
econometrics or statistics for statistical and billing analysis, engineering analysis, and
electrical and electronics engineering for load-research and metering studies.

Evaluation staff need to have good analytical and communication skills. The ability to write
effectively is important for presenting evaluation results in a usable forma:. Computer skills,
particularly knowledge of spreadsheet and statistical packages, are essential. Good
interpersonal skills are needed to be able to interact with people from other departments.

Budgeting

Budgets will depend on the number of programs being cvaluated, the available staff, the
amount of work being done by consultants, and whether some work is being done by other
departments. Often, in the first year of a program, only a process evaluation will be
conducted because it is too early to use impact-evaluation techniques.

Table $ provides crude guidelines for budget-estimation purposes. Clearly, the utility will
need to follow its own procedures in determining a budget. Metering costs are not included,
and they will vary greatly depending on the type and duration of metening and whether
metering is done by utility staff or by a consultant. The load-research and metering staffs
at the utility can provide good estimates of metering costs; (see also Table 22 in Chapter 7).

Table 5. Typical evaluation costs

Approximate cost

lkem Person-hours @ $90/our (1991-5)
Process evaluation

Residential program 300 - 300 27000 - 72,000

C&] program 600 -1,500 54,000 - 135,000
Impact evaluation, billing analysis

Residential program 400 - 700 36000 - 63,000

C&l program 600 -1,800 54000 - 162,000

COORDINATION WITHIN THE UTILITY
Regardless of the structure of the utility, evaluators must be prepared to work closely with

the following departments: program implementation (field staff), load research, information
systems, metering, program planners, load !nrncudn;. market research, and resource
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planning. Coordination with program implementers is vital for producing usable and reliable
evaluation results. Evaluators should be involved with program planning, and implementers
should be drawn into the evaluation process early and provide continuing feedback. The
load-research and meiering departments are critical if the company plans to do any metering
on its own. Selection of metering equipment and protocols needs to be consistent with that
for any existing load-research system. Such issues as additional workload for union
employees may need to be addressed with the metering department. [nteraction with the
information-systems department is very important. If the information needed by evaluators
is collected at the outset, subsequent tasks will be easier. The load-forecasting and market-
research departments may have baseline data that can be used by evaluators. In turm,
evaluators can provide these departments with additional information on customers.

SELECTING AN APPROPRIATE EVALUATION APPROACH

The selection of an evaluation approach for a given DSM program depends upon the size
and the life-cycle stage of the program, the available resources, the goals of the program.
the goals of the evaluation, how the evaluation will be used, regulatory interest, the
possibility of joint efforts with other utilities, and whether multiple eval:ation approaches
might be appropriate.

Process evaluations usually examine participation, nonparticipation, operational efficiency,
contractor-utility interactions, usefulness of the corporate and implementation databases,
effectiveness of marketing, customer satisfaction, implementation effectiveness, and free
ridership. The methods used in process evaluations usually consist of customer surveys,
interviews with appropriate staff and contractors, and field visits to locations where measures
are installed. However, the foci of the process evaluations tend to vary. Evaluations of new
programs often focus on customer satisfaction with the program and suggestions for program
improvements. If free ridership or program delivery are of concern, these issues may be
¢examined in more detail (e.g., by asking retailers their impressions about changes in
consumer buying habits or by comparing sales figures for specific models of appliances
before and after a program has started). The scope of the process evaluation for a given
program must be based on a utility’s assessments of its needs, concerns of regulators and
other parties, and the resources available for the evaluation.

The choice of impact-evaluation method may be influenced by the use to which the results
of the impact evaluation will be put (will it be used for regulatory incentives?), the siage of
the program (is this a new program and how many participants does it have?), the costs and
size of the program, the utility operating characteristics, and regulatory interest. More
rigorous approaches and multiple methods are appropriate when the utility receives money
(e.g., DSM incentives for sharcholders or wheeling of conservation) based on the evaluation
results; where large resources are being expended on a given program; and, in R&D
programs, where the evaluation results will be used to develop a larger-scale program.

As an example, consider two utilities with weatherization programs aimed at reducing
electricity use for SH. The first utility has an immediate capacity need. Its peak is driven
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by heating, it receives incentives based on evaluation results, and it is spending about 1%
of its annual revenues on this program. The second utility does not need new capacity until
the year 2005. It is summer peaking, it just reccives cost recovery on its conservation
programs, and it is spending 0.1% of its revenues on this program. Both utilities might
perform process evaluations, and they also might estimate kWh savings through billing
analysis. The first utility also might use end-use metering 10 evaluate the capacity benefits
from the program and to verify both kW and kWh savings because incentives are involved.
The second utility may not use end-use metering and use those evaluation dollars elsewhere
because it has no immediate capacity requirements, is summer peaking, and is offering no
incentves.

Evaluators should remember that, for some programs (¢.g., a low-flow showerhead give-away
program), accurate estimates can be obtained with simple techniques (e.g., engineering
estimates) and that the use of more-sophisticated and -costly tzchniques may not buy
corresponding increases in accuracy (EPRI 1991a).

Certain types of programs lend themselves to combined efforts with other utilities. An
example might be a program to develop baseline savings estimates for ne' construction
practices. Four Massachusetts utilitics used this approach (XENERGY 1991; New England
Power Service Company 1991). A combination program of metering and statistical
estimation of load-shape impacts has been proposed for New York state (XENERGY 1990).
Several joint evaluations have been conducted in Wisconsin (Prahl 1988). Also, several
utilities in New England are performing a joint evaluation of an appliance-efficiency

prograni.

RESEARCH DESIGN

The savings from a DSM program are estimated by comparing energy or demand prior to
a program with energy or demand after a program hes been implemented. Figure 6 1s a
conceptual representation of this process. One approach is to compare the postircaiment
consumption in year three (Point C) with preimplementation consumption (Point A). The
difference (A - C) represents the cffects of the program. However, this difference also
includes the effects of all the other changes that occurred n the intervening three years. If
this customer were a commercial building, this difference might include changes in
occupancy in the building; increased energy-use intensity caused by the introduction of new
equipment, such as laser printers; increased or decreased activity in the building because of
changes in the economy; etc. If it were a residential dwelling, a variety of factors might
affect energy or demand, including changes in the composition of the household (e.g., the
addition of a baby or a young adult leaving home); the introduction of new appliances; the
replacement of older appliances that were not part of the program with new more-energy-
efficient appliances; or changes in lifestyle, such as the maturation of young people.

Thus, to accurately estimate the savings of a DSM program, one needs to measure the
difference between the electricity that would have been consumed over time without the
program and what is actually consumed with the program. Figure 6 shows that without the
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Table 6. Examples of threats to internal validity

Threat Example
History Another event such as an economic crisis, a war, or an "oil shock™
causes a change in electricity consumption.
Maturation Natural changes, such as an addition to a family, component

Regression to the mean

Selection

Testing

Montality

Instrumentation

aging, or changes in lifestyle, occur which cause changes in energy
consumption.

Buildings or households chosen for an initial measurement from
the extremes of a distribution tend to have measurements nearer
the middle of the distribution on subsequent measurements. If
high energy users are targeted for the program and measured in
the initial interval, high energy use may not be sustained in
subsequent measurements.

Selection is the situation in which participant are systematically
different than the remainder of the population. Selection bias s
often a problem with voluntary programs.

People adjust their behavior or adapt to changed circumstances
on the basis of programmatic activities. People may adjust their
thermostats in response to AT load-control tests. People “take
back” some of the savings from a weatherization program.

Participants drop out for some reason such as relocation or
dissatisfaction with the program.

Changes in how the itapact vanables are measured account for
the changes. A question on a survey is changed, which causes
people to answer the question differently because they assume a
different context, or metering is changed from whole-building
metering to end-use metering between the pre- and postpenods.

program than would the general population. Thus, if projections of reductions in energy
usage from people volunteering for an advanced-heat-pump program includes a
disproportionate number of innovators, the total amount of savings may be overestimated.

Campbell and Stanley (1966) argued that the "classical control group” design minimizes these
threats. In this design, pre- and posttreatment usages by a group of participants and a group
of nonparticipants arc compared. The key to the classical design is the random assignment
of customers to the participant and nonparticipant groups. Randomly assigning customers
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Fig. 6. Schematic showing electricity use before participation in a DSM program,
after participation in the program (BC), and an estimate of what electricity
use would have been without the program (AD). The difference A - B is the
immediate postparticipation change in electricity use. The diffevence D - C
is the long-term change in electricity use.

program, demand or consumption increased during the three-year period, the lire with A
and D as endpoints. Even with the DSM measures, energy or demand increased some, as
represented by the line BC. Thus, the savings are greater than would be represented by the
cuantity A - C and would perhaps be better represented by the quantity, D - C. The
cumulative savings are represented by the area, ABCD.

The purpose of research design is to minimize the impacts of extrancous effects of the type
described above. These extraneous factors are rival hypotheses or "threats to internal
validity." Threats to internal validity arise when the differences that exist can be cxplained
in part or in full by other phenomena. Cook and Campbell (1979) list seven potential
threats to internal validity (Table 6) that, if not controlled by the design, can bias results.

In addition to internal threats to validity, there are external threats to validity. External
threats are those factors that make generalization of findings difficult. An example would
be findings from a sample of customers that is not representative of the larger population
of interest. Another example is a reactive or interactive effect of testing (.g., where pretests
of marketing materials during a pilot program lead to a decreased sensitivity to the materials
during a full-scale program). Yet another form of external threats to validity is the
interactive effect between selection biases and the experimental variable. In this situation,
customers who are innovators may be more inclined to participate in a technological
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to both groups reduces the likelihood that these groups will be biased in some way or that
the results will not be generalizable. Also, in the strictest sense, paricipants and
nonparticipants should not know to which treatment group they arc assigned and
nonparticipants should be isolated from treatment-related information received by
participants. With the classical design, ihe change in energy usage is estimated as follows:

Change in usage = (participant pretreatment usage - participant
posttreatment usage) - (nonparticipant pretreatment
usage - nonparticipant postireatment usage)

Unfortunately, practical circumstances almost always preclude the use of the classical design.
Examples of such circumstances might include a PUC order that a program must be offered
to all customers or an order that the same incentives be available to ali customers. Each of
these orders would preclude the random assignment of customers. Yet another case would
be a rebate program in which it is impossible to treat some customers without influencing
others.

In these circumstances, the evaluator must look to alternative designs to minimize, but not
necessarily eliminate, threats to validity. Table 7 presents some of these options. For these
designs, the nonparticipant group is called a comparison group because nonparticipants are
not randomly assigned (as a "control group” would be) and thus are not strictly equivalent.

Table 7. Research-design options

—_—

Design option Pretreatment  paigicipation Posttreatment

period period

Classical design (random assignment)

Parucipants 0 X 0

Nonparticipants 0 - 0
Nonequivalent comparison group

Participants 0 X 0

Nonparticipants 0 - 0
Cross-sectional comparison group

Participants - X 0

Nonparticipants - - 0
Time-series comparison

participants 0 X 0

0 = observation; X = participation; ~ = no data.




However, this does not mean that participants and nonparticipants may not have been
randomly selected.

The nonequivalent comparison group design tries to make up for the absence of random
assignment of participants and nonparticipants to treatment groups by constructing a
comparison group that is similar to the participant group. This fashioning of the comparison
group may be done by maiching the characteristics of nonparticipants with selected
characteristics of participants or by drawing a random sample weighted for a characteristic
(or group of characteristics) from the population represented by the participants. An
example of this approach might te to compare those who volunteered for a program with
a weighted sample of customers based on total kWh sales during a pretreatment period. If
the two groups are comparable, then threats to internal validity may be minimized, bui
external validity threats (i.e., the generalizability to the larger population) may remain.

In a design with a cross-section comparison group, the energy usages of two groups
(participants and nonparticipants) are compared for the posttreatment period only. If the
selection of participants is random or the two groups are well matched. then many of the
threats to internal validity are minimized, although there still may be problems with
generalization, Often, this design is used in situations where an evaluation is initiated after
a program has begun or where the utility does not have historical billing data for a group
of customers or where no pretreatment period fs available (as in new constructior.). If
evaluation planning is part of the program planning, prublems of obtaining pretreatment
data will be minimized.

Another design, a time-serics comparison group uses the participants as their ovm
comparison. For example, in a load-control program, electricity use on noncontrol days with
similar weather is often used as the baseline against which to compare electricity uz=s on
control days. Figure 14 in Chapter 7 illustrates this approach for a residential air-conditioner
control program. For such programs, this time-series comparison is a strong design because
the short time span and the use of weather conditions to select noncontrol days preclude
most threats to validity. This type of comparison group migit apply to other programs as
well. If the participants are randomly selected, then threats to internal validity, with the
possible exception of history and perhaps instrumentation, are minimized. Many of these
problems can be dealt with by the use of normalization techniques or the use of multivariate
analysis. If participants are not randomly selected, then many of the threats to validity
remain.

It should be clear from the preceding discussion of research designs that sample design is

a critical issue. The lack of a good sample design can pose threats to both internal and
external validity. This subject will be discussed in some detail in the next chapter.

CONCLUSIONS

Planning an evaluation involves an array of activities. Many of these activitics revolve
around identifying the goals of the evaluation and obtaining agreement on the goals from
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stakeholders. Agreement on goals is essential for obtaining commitment to the evaluation
and for ensuring that evaluation results are used. A clear set of evaluation goals are also
essential to ensure that the appropriate data are collected and available for analysis when
needed.

The choice of evaluation approach depends on the type of program, size of program,
customer segment, and ultimate use of the evaluation’s results. Finally, the choice of a
rescarch design is an important part of the evaluation plan. A good research design will
guide the where, when, and how of data collection and it will help ensure that the results can
withstand the challenges of alternative explanations of the findings.




CHAPTER 3

MONITORING THE IMPACTS OF
DSM PROGRAMS

Harvey Michaels
Marc Hoffman
Andrew Schdn

INTRODUCTION

This chapter addresses monitoring and data collection. I's objective is to descnibe the major
options available to the DSM-program evaluator for data collection, data specification, and
sample design and to provide an assessment of the strengths, weaknesses, resource
requirements, and implementation approaches for the various data-gathering technigues.

Monitoring is the process of collecting the data needed for the analysis of encrgy savings,
including identifying the data requirements to establish energy savings, norraalizing energy
use for nonprogram factors, estimating free-rider impacts, and determining persistence of
savings. Monitoring includes data specification, survey design, sample selection. metering
instal'ation, data collection, quality control, and reporting.

The selection of data-collection method, data specification, and sample design are key
decisions that ‘must be made jointly by those responsible for planning, monitoning, and
analysis. These decisions determine the cost of the evaluation and the quality of the analyses
that can be performed. This chapter discusses the objectives of monitoring, the strengths
and weaknesses of various sources of monitoring data, how to specify the data to be
collected, sample selection, and data-quality issues.

OBJECTIVES OF MONITORING

The primary objective of monitoring is 1o provide systematic, defensible, and objective
measurements for a DSM-program evaluation. Monitoring, therefore, should be carried out
in a manner that achieves a quality research standard, such as the following standards
identified for educational evaluations (Joint Committee on Standards for Educational
Evaluation 1981, partial and edited; Patton 1982a):

The purposes and procedures of the evaluation should be monitored and described in enough
detail s0 that they can be identified and assessed.

The sources of information should be described in enough detail so that the adequacy of the
information can be assessed. :




The information-gathering instruments and procedures should be chosen or developed and
then implemented in ways that will assure that the interpretation arrived at is valid and
reliable for the given use.

The data ... should be reviewed and corrected so that the results will not be flawed.

The evaluation procedures should provide safeguards to protect .. against distortion by the
personal feelings and biases of any party 10 the evaluation.

WHAT DATA TO COLLECT

The purposes of data collection are to establish the quantity of energy and peak-demand
savings and to support comparisons, projections, and program design. Almost all impact
evaluations seek to quantify kW and kWh saved. Data collected to support these
calculations can include billing data and metering data as well as inputs to engineering or
statistical models. Data of this type is often the highest priority because of its relationship
to utility rates, profits, and/or cost recovery.

As was pointed out in the previous chapter, external validity is important for generalizing
conclusions. To perform such comparisons and projections, additional data (such as
customer location, market-segment information, customer preferences, weather, and
cconomic variables) are needed. If these data are collected, then impacts may be
normalized, making them transferable, which enhances the likelihood that meaningful
comparisons can be made with similar programs in other service territorics. The collection
of this type of data also makes it possible to develop predictive models, which can be used
to estimate program performance for different service territories, customer segments, and
economic conditions. Being able to posit causal relationships opens the possibility of
projecting impacts for programs with different designs and of reassessing program impacts
in response to changes in avoided costs, the economy, or utility or regulatory priurities. It
also supports program redesign to improve future performance.

The previous chapter pointed out that the demand or encrgy savings are the differences
between what would have been consumed without the program and what is actually
consumed with the program. The data requirements for DSM-impact evaluation are

= The usage and demand of the facility prior to measure installation and changes in
operating characteristics of the end-use or

L] The daily or annual operating profile of the energy-consuming systems affected by the
measure

L The operation and maintenance (if applicable) of the measure and the life of the
measure (persistence), including estimates of the decline in efficiency of the measure
and/or its removal




= The data to estimate what would have been had no program been offeved
" The net change in power or energy requirements resulting from the measure

Because measurements and estimates contribute to the savings calculation, measurement
error in any component will be carried through to the assessment of the impact. Making
measurements that are rigorous for one or two elements will not result in an accurate
estimate of impacts if the remaining parameters are not measured or are measured in a
limited way. Accuracy of the total evaluation is limited by the accuracy of the weakest
measurement. Therefore, thz ideal approach is to develop a balanced data-collection
strategy, where variance for each measurement is about equal.

The requirements for data collection are determined primarily by the analysis method chosen
(Table 8). There are three general types of analysis methods and associated data:

n Direct measurements, which are used to calculate changes in energy usz by
comparing measurements made at different times. Direct measurements include
customer billing, whole-building metering, end-use metering, and frequency meters.

L Engineering modeling, which uses physical models ranging from simple tracking
models to complex physical simulations of buildings to analyze energy use. Data used
in these models include weather, customer surveys, facility and equipment inventories,
and operating patterns.

= Statistical modeling, which uses statistical techniques to evaluate changes. Data that
are often used in these types of models include billing data, market-scgment
information, demographic characteristics, and ecoromic variables, such as electricity
price.

These techniques are often used in co~hination, Billing data are often combined with
customer data for analysis. For exa 2 a regression of monthly energy use against
weather data can be used to detect the presence of heating, cooling, and nonweather-
sensitive uses as well as 1o determine individual use levels. Conditional-demand analysis uses
direct measurement and statistical regression (Chapter 4). Hybrid statistical/engincering
method (HSEM) refers to the use of engineering and direct-measurement data to drive
engineering based statistical regressions.

Based on the objectives and analytic methods, the evaluator can define procedures and
specifications for data collection. These specifications should include the source, the type

(e.g., definition of units and tolerances), sample sizes, frequency of data collection, and
quality-control requirements.
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Table 8. Daia options by analysis method

Sl RELT iy Conditon —
Data source measurcment model model analysis  demand HSEM
End-use metering <]
Whole-building metering n - a )
Billing data | o
Facility inspection 0
Mail survey [ | a
Telephone survey = a
Onsile survcy 0
Weather data- O (o] o a

M Data source sufficient for analysis method.
0] Additional data source required.

TYPES OF INFORMATION FOR IMPACT EVALUATIONS

The variety of data sources includes facility energy-use measurements, facility inspections,
customer-supplied data. research to establish typical values, and combinations of data
sources. Determining which source to use depends on tk2 evaluation objective, analyuc
method. costs of data collection and analysis, and accuracy. There is no best or worst
source; each has strengths and weaknesses (Table 9).

Facility Energy-Use Measurement

Facility energy-use measurements can come from customer electric and fuel bills, hourly
consumption from whole-building meters, and end-use metering. These are dircct
measurements and should be accurate within the tolerances of the metering device. The
evaluator needs to remember that these are measurements of present use and not changes
in use; they have no explanatory power in and of themselves.

End-use metering is expensive but has the advantage of providing a direct measurement of
load for the device or circuit of interest. With advances in solid-state technology and
experience, the costs of end-use metering are dropping. Recent costs for the metering
device, installation, data-acquisition system, and maintenance range from $5,000 to $20,000
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(in 1991 dollars) per building per year; see also Table 22 in Chapter 7 and Exhibit 4.
S:vcral projecis conducted in the past five years have sampled three to eight loads in each
of 25 to 100 buildings.

Table 9. Characteristics of data sources
Data source Strength Weakness Cost
1. Facility energy- Accurate to bounds Measures present use Varics, scc below
use measurcment of the meter not change parameter;
no explanatory power
® End-use metering Highest unit accuracy Most expensive per unit; si.mu to $20,000
of the target system budget limitations result per building
in high sampling errer
e Whole-building Measures short-internal  Lower unit accuracy $500 1o $3,000
metering whole-building loads than end-use metering per building
that can indicate
target-system loads
& Customer billing Census climinates Ditficult to detect $2 10 510 per
data sampling error change in treated system  building
2. Facility inspection Collects causal tech- Time limitations at site $20,000 to $40,000
nical factors best cause many values (o fixed costs plus
be estimated $100 10 5600 per
facility
3. Information supplied  Collects customer Error rates high on See below
by customer market data and technical data
attitudes best
e Mail survey Low cost permits High error rate and $10,000 1o $20,000
large sample risk of nonresponse fioxed costs plus §15
bias to $40 per survey
® Telephone survey Higher response rate Higher cost than mail $15,000 to $30,000
and lower error rate surveys foeed costs plus 525
than mail surveys to $60 per survey
e In-person interview  Lowest bias and error  Higher cost $15,000 1o $30,000
on customer questions fixed costs plus
$150 to $300 per
site




Exhibit 4. The costs of multichannel, automated, cod-use monitoring

Components of this cost are highly variable, but recent ranges for a full-scale datn-acquisition
system with a central personal computer (PC), remote meters/recorders, and communication
system are as [ollows.

®  Meter and wiring costs depend on the number of channcls, how the monitored data is
communicated to the building recorder, and the difficulty of isolating the monitoring point
from the rest of the electrical system. Costs for a building recorder and meter
transponders are $500 to $2.000 per facility while specification and installation add an
additional $500 (residential) to $3,000 (complex commercial) per facility.

=  Data-acquisition system set-up costs range from $20,000 to $100,000. In addition, the
annual costs per facility for data acquisition and management arc $500 to $1,000.

s  In total. end-use-metering fixed costs range from $20,000 to $100.000 for the first year plus
$1.500 to $6,000 per facility annually.

®  Analysis of the data bears additional costs.

Barring technical problems with the wiring, the meter, or the data-acquisition system, the
electronic end-use meter provides a high-resolution measurement (frequent recording of
values), which is often the standard for accuracy to which other measurements are
compared. End-use metering is the only measurement technology that combines high
resolution, accuracy, and isolation of the energy-consuming system. As a selective research
100\, it can be applied to particular questions that other data-collection forms fail to answer
satisfactorily. For example, end-user monitoring may be the only technology that can be
used 1o accurately resolve the effect of lighting efficiency on cooling-cnergy use, an
important issue in lighting programs.

Because of their cost, end-use meters tend to be used with small samples, which means that
extrapolations to the total population produce a fairly large error. Several studies, notably
the evaluation plans of Northeast Utilities and Empire State Energy Research Corp., have
found that other methods may produce more-precise population estimates because they use
larger sample sizes at lower costs (Townsley and Wright 1990; XENERGY 1990). Another
possible problem with end-use metering is that the customer may be aware of the monitoring
and may change behavior (the Hawthorne effect).

In addition 1o the multichannel, automated, end-use metering described above, other types
of end-use monitoring exist, many of which have lower costs. These methods include
instantaneous metering, portable/temporary electronic metering, and nonelectronic
portable/temporary metering.




Instantaneously recorded amperage, voltage, wattage, power factor, frequency, etc. on a
single appliance can be used to establish instantancous load conditions, such as the kW for
air conditioners, lighting fixtures, motors, heating elements, etc. A variety of handheld and
portable meters are available to measure these values at costs ranging from iess than 5100
to $5.000. These devices are useful for providing field data to validate engincering estimates.
In the case of a pure unswitched lighting circuit, this type of monitoring device might be used
to evaluate net change in load by determining connected load before and after high-
efficiency lighting is installed. In this example, care needs to be taken to account for burned-
out bulbs and fixtures. Generally these meters are not useful for gathering data where the
interest is in daily, weekly, or seasonai variations.

Portable/temporary meters can function over a longer period, ranging from several days t0
several months. Usually these systems take measurements, store the measurements in a
recorder, and subsequently upload the data to a PC for analysis. These systems cost
berween $500 and $700 per recorder channel and come with meter/recorder hardware as
well as PC software for analysis, graphics, and reporting. With portable/temporary meters,
daily, weekly, or seasonal variations can be captured without communication lines.

Portable nonelectronic meters are similar to electronic meters except that the data are
collected on circular/strip charts, cumulative value registers, or runtime meters. Utilities
often overlook the fact that the simplest and cheapest form of end-use metering can be a
standard watt-hour meter, which can be connected to an end-use load. This works as long
as the measurement of interest is cumulative kWh and some provision can be made for
reading the meters at the desired frequency.

Whole-building load-meters are used to record building energy usc at short intervals, such
as each 15 or 30 minutes but sometimes as frequently as ach minute. These meters are less
expensive than end-use meters and are often installed without the knowledge or consent of
the customer. The cost of the meters is similar to that of end-use meters, but installation
(usually $200 to $500), the data-acquisition system, and annual meter management are less
expensive. Because many utilities already use such meters for load research and routine
metering of large customers, the fixed costs may be reduced. Depending on which of these

circumstances apply, total load metering can cost $500 to $3,000 per facility.

While providing an accurate measurement of total load, whole-building meters are at a
disadvantage compared with end-use metering for measuring subsystem loads. They do not
provide a direct measure of the treated system. If the treated system is a large fraction of
the total load, the change in load from the treatment is large, and. the frequency of
measurement is high, accurate estimates of end-use loads and changes in end-use loads can
be extracted. For example, HVAC loads, which are responsive to weather, arc often a
statistically significant component of the load and can therefore be estimated with whole-
building meters.

The lower cost of whole-building meters permits larger samples and may increase population
accuracy for a fixed evaluation budget. Whole-building meters are being assessed as a
primary data source for HSEM. This form of analysis, which also requires a facility
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inspection, is being investigated for comparative bias and accuracy to end-use metering and
other methods (XENERGY 1990).

A powerful extension of the whole-building metering concept is the appliance signature or
nonintrusive meter, which records variations in real and reactive load components. As
appliances turn on and off, the signature of these components is identified and recorded
electronically. This concept has been tested in residential applications, and it explains up
to 80% of the load (EPRI 1989).

Standard customer billing data are available for all participants and nonparticipants. Those
data can provide such information as monthly or bimonthly kWh consumption, monthly peak
demand for large commercia! accounts, and (occasionally) time-of-use measurement.
Because these data are collected by utility billing operations and are generally maintained
on customer-information databases, the acquisition costs are very low. The ability to use a
census gives the analysis of this data the potential for eliminating extrapolation error. The
disadvantage is that the limited information on each customer makes the detection of
changes in consumption ior individual systems difficult. The energy consumption of loads
that are large and fluctuate with the scason can be differcntiated. The Princeton
Scorekeeping Method (PRISM; see Chapter 4) uses billing and weather dara along with a
statistical heuristic 1o produce end-use-specific estimates of energy usc.

Facility Inspection

Facility inspections collect physically observable data, such as nameplate dawa and
information about observable operating conditions, through energy audits and site surveys
(Fig. 7). These data permit independent verification of customer- or implementor-supplied
information and provide greater detail and consistency in the collection of observable
parameters. Facility inspection data often are used for the detailed inputs to engineering
models.

[he reliability and accuracy of predicted energy consumption and hourly load estimates from

engineering models is limited by the difficulties of collec ing the data that serve as model
inputs. Many of the data requirements for engineering models are related to the behavior
of the building occupants. Accurately describing occupant behavior requires extensive
observations, so it is usually estimated based on a brief facility inspection and reported
behaviors. For example, the occupancy profiles and operating schedules of equipment may
be observed during a facility inspection, but data about off-peak occupancy and operating
schedules may be based on the customer’s statements and perceptions.

The amount of time available for inspection may limit the number of measurements at 8 site
with attendant reductions in the overall quality of facility-inspection data. For example, in
inspections of large or multibuilding facilities, building attributes such as envelope thermal
characteristics, equipment efficiencies, lighting intensities, ventilation rates, etc. are generally
sampled or estimated to reduce costs. Then the results are extrapolated to the whole
facility.
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A brief facility inspection does permit collection of most of the technical data required for
modeling a building. By limiting observation, homes and small commercial facilities can be
inspected in as little as 30 minutes, medium to large commercial facilities in 1 to 4 hours,
and very large commercial or industrial facilities in a day or less. By way of contrast, a
complete engineering inspection that includes measurement and/or obscrvation of al!
significant engineering factors can take two to five times as long.

The tote! cost of an engineering facility inspection includes scheduling and travel time, data
preparation, data entry, and quality-control procedures. Typical fixed costs are 520,000 to
$40,000 to prepare the survey instrument and protocols, recruit and train inspectors, ficld
test the instrument and survey process, and develop quality-control procedures. It is difficult
to complete more than two surveys per day even if the average inspection time is only an
hour. Because more than half of the typical inspector’s time is associated with travel,
schedule limitations, waiting, and canceled appointments, considerable savings are associated
with inspections conducted during visits to the customer for other purposes. Unit costs are
$100 to $300 if the inspection is part of an otherwise scheduled visit or $250 to $600 if
conducted separately.
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Customer-Supplied Information

Information is often supplied by the customer in response 1o a survey rather than measured
or observed. Information to determine the customer’s market scgment, equipment-operating
patterns, actions, and attitudes can be collected as part of the application for program
participation or by response to mail, telephone, or in-person interviews.

Using customer-supplied data has advantages. Data from this source are inexpensive
compared with data from other sources. And this is the only method for gathering direct
input on customer attitudes, opinions, and preferences.

However, customer-supplied data has some disadvantages. Customers cannot be relicd upon
to supply detailed technical data. Customers may erroneously report data about the physical
and operating characteristics of a facility or appliance. Customers may not know the
answers. They may not be motivated to determine the answer. Or, they may give false or
misleading answers. It is not uncommon for customers to confuse a hydronic heating system
with the domestic hot water system (they are both water-heating systems). A customer is
unlikely 10 know the loading on motors. Customess cannot be expected to respond to
burdensome questions, such as asking a business owner 10 report the nameplate sizing of AC
units or the number of four-lamp fixtures that currently have two lamps. Reports may be
biased by the desire to report a "tight ship,” for example, by indicating that the lights are off
when the facility is unoccupied. Appraising customers’ willingness to purchase equipment
or determine future operating characteristics of equipment based on questionnaires often
fails because customers’ attitudes do not predict their behavior (Converse and Presser 1986).

The three basic methods of soliciting customer information are the mail survey, the
telephone interview, and the onsite interview. Mail surveys are inexpensive, costing $15 to
$40 per completed survey, including a computer-generated report. The size of the sampled
population is the greatest determinant of costs. Survey design and protocol development are
typically $10,000 to $20,000. Mail surveys often have low response rates and high error
rates. Response rates for mail surveys can be 5 to 10% in commercial surveys and 20 to
40% for residential surveys. High error rates result from a lack of incentive to complete the
survey, carclessness, ambiguity, and lack of supervision of the respondent. The problems can
be mitigated by improved packaging of the questionnaire, better timing, providing a clear
and nonjudgmental set of questions, and providing an incentive to respond (Dillman 1978
Train 1988).

Telephone surveys cost more than mail surveys. Survey design and protocol development
tend to be $5,000 to $10,000 higher than for mail surveys. Conducting the survey costs $25
to $60 per completed questionnaire. Telephone surveys generally have higher response rates
and lower error rates than mail surveys. However, with the increased use of telemarketing
by businesses, the public is becoming increasingly wary of unsolicited calls, and researchers
are reporting difficulties in getting an adequate sample. Telephone response rates can be
improved by sending a letter in advance of the call explaining the purpose of the call in
gencral terms.




Respondents to a telephone survey cannot be expected to provide specific physical data
about equipment and often can provide only a very general indication of the types of
appliances they have. For example, residential customers may not be able to distinguish
between heat pumps and strip heaters unless survey questions are carefully worded.
Telephone surveys can be worded so that they provide an indication of types of equipraent,
satisfaction with performance, type of facility, operating hours, and attitudes (Dillman 1978).

An in-person interview allows for more depth with the obvious trade-off against cost. [f
conducted in isolation, interviews cost $150 to $300 per interview. If facility inspections arc
conducted for physical data, the marginal cost of an interview is usually small, perhaps an
additional 30 minutes of site time. The costs associated with survey design and protocol
development are similar 1o those for telephone surveys. Unstructured interviews can be very
useful in eliciting an understanding of a customer’s or project manager’'s cxperiences,
especially in the initial stages of a project. However, unstructured interviews are difficult 1o
analyze. The analysis of unstructured interviews requires the use of content-analysis
techniques, and the results are difficult to generalize. Open-ended questions in structured
interviews have many of the same problems. Close-ended questions have the virtue of
asking the same question and providing the same response sct 10 each respondent. This
makes the responses easier to analyze and interpret, but if the questions are not well
designed, the information obtained can be limited.

Research to Establish Typical Values

Bench testing of equipment or borrowing data from other utilities are two ways that utilities
can establish typical values, Many impact characteristics can be established by bench testing
based on data provided by manufacturers or independent laboratories. A laboratory
measurement of unit savings in combiration with reported information on installation,
operating patterns, and prior conditions can be used as inputs to engineering models.

This approach is not without risks, The conditions under which a manufacturer’s
measurements are made may not be typical of condisons in the ficld. Further, conditions
in the field may interact with the equipment to change the operating characteristics. The
operaiing patterns used in tests may be based on extreme patterns or those that are assumed
to be typical but have not been validated.

Facility operating patterns, baseline characteristics, customer maintenance behaviors, and
persistence may be available from a similar utility or may be predicted by examining
nonenergy products with similar economics for the customer. A literature review provides
an important starting point for predicting typical values.

Collecting Local-Weather, Equipment,
and Customer-Characteristics Data

Economic, demographic, and weather data are almost always essential for establishing a
baseline. Sources for these types of information include the population census; the housing
census; special censuses, such as those for C&I establishments; economic statistics; and EIA's
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When floorspace and meters do not match, the correction procedure varies depending on
whether it is the customer’s business boundary, the meter boundary, or the building
boundary that is of interest. Which boundary to use is an issue for the analysis method and
the method chosen to extrapolate the resulis. Depending on the choice, the data-collection
process may require adding meters or surveying space 1o create a match. This additional
effort increases the costs or time to investigate the match, entails additional data collection,
and requires expanded quality control. The best assurance of a reasonable match is 10
estimate the building energy use from the survey data provided. If the estimated use and
the measured use are not within & reasonable tolerance, the survey can be set aside for
investigation.

Evaluators may perform a succession of analyses and commit more resources (0 improve
sample designs while minimizing overall costs of an evaluation. For example, an evaluator
might do a billing analysis to identify residences that have and usc AC; a facility inspection
to identify residences with central air conditioners and room air conditioners and to identify
the structural characteristics of the residence; an energy audit, a survey, and whole-house
monitoring for a large sample of the customers with central AC; and ultimately end-use
metering on a selected subsample of the whole-house-metered group. The sample design
may be improved at each step.

A good data-management plan is required to support the ongoing data-collection effort as
well as the interim analytic steps. Near real-time input and juality control of data are
required as well as a database structure that can easily be prepared for analysis while the
surveys are still being conducted.

SPECIFYING THE INFORMATION TO BE COLLECTED
Specifying Facility Energy-Use Data

End-use metering requires the specification of the circuits within a facility that are to be
metered. The end use must be carefully defined. For example, ventilation is difficult to
separate from other elements of heating and AC. The pumps and motors associated with
distribution of heated or chilled water may be defined as a heating, cooling, or miscellancous
end use.

End uses rarely are perfectly aligned with electrical circuits. Lighting circuits often includs
outlets with nonlighting loads. In this case, the evaluator may collect data to account for the
plug loads, sample lighting-only circuits, or isolate lighting by rewiring. Obviously, the last
method is the most expensive and least p

Not all end uses of a single kind in a building may be treated. For example, electronic
ballasts may not have been installed in every lighting fixture. It may be difficult to identify
and isolate fixtures where the ballasts were installed. The evaluator may have to measure
treated as well as untreated lighting. While this captures the savings, it also introduces
measurement eITor.
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DESIGNING THE SAMPLE

Sampling is often the least understood and most poorly executed part of an evaluation. The
basic steps in developing a sample design are as follows.

L] The population of customers to be represented by the sample, the sample frame,
must be defined. Examples of typical frames are all residential customers, small
commiercial customers with demands less than 40 kW, all residential customers with
central AC, or all C&I cus:omers with more than 15 kW of connected fluorescent-
lighting load.

= If necessary, the sampling frame is segmented into homogeneous groups on the basis
of some characteristic(s), such as kW, kWh, and/or SIC code. SIC code is often used,
but many utilities have found it unhelpful because of the wide variation in the size
of firms represented within an SIC code.

L The size of the impact variable (e.g., AkWh or AkW) is estimated for the sample
frame as a whole or for the segments. An estimate of savings may be based on
engineering estimates or savings reported from other localities.

= Finally, for the population or for the segments, the variance of the impact vanable
(i.e., savings) must be estimated as well as the variance associated with one’s ability
to measure the variable. This measurement is usually accomplished by examining a
customer database that can be used as a proxy for measured savings (Exhibit 5).
Commonly, these proxies are the estimated savings from applications or audits or the
variance in customer kWh or kW. Measurement variance and bias are often
discounted as unmeasurable or insignificant or as a nonquantified limit=tion to the
sample design. This assumption may not be a good one.

The population size (which is known), the estimated average impact, and the variance of the

impact (which is estimated) provide the basis for the calculation of sample size requirements

1o meet the desired sampling error, specified as a precision (such as £10%) with a specified
level of confidence (such as 90%).

Trading Off Sources of Error

Sources of error are manifold. If precise measurement of savings were possible, then
sampling (as compared with conducting a census) would be the only cause of eror.
However, measurements are also subject to error. Much of the data collected in an
evaluation are treated as observed data when in fact they contain measurement error. For
example, operating hours for a commercial building are observed during an onsite survey but
may be reported for off-peak periods. These off-peak data are treated as measurements but
contain an unknown amount of error. Reported evening operating hours in commercial
buildihgs are often lower than true levels.



Exhibit 5. Calculating sample sizes for an evaluation

Utility A plans to run a weatherization program that is similar to that of Utility B. Utility B
had the following results when it conducted its weatherization program.

Table 11. Mecan coosumption or savings (KWh/year) and standard deviaticn (SD)

Mean
consumption or Standard
savings deviation
(kWhiyear)
Preprogram clectricity use 26,500 8,480
Postprogram clectricity use 21,480 8,130
Savings 5,020 4,270

Utility A wants to know how large a sample it needs to determine the savings for its program.
Because the programs are nearly identical, Utility A assumes that the savings from its program
will be similar to the savings from Utility B's program. It therefore decides that it can use the
information from Utility B's program to determine the sample size for its program based on the
following formula:

n = (SINWEN + 159 ,

where n = sample size; t = the t value associated with a sample size and level of confidence
taken from a t-table in a statistics textbook: s = estimated SD; N = the population size; and
E = required level of accuracy.

Initially, the evaluator assumes that the sample size should be based on the postprogram
consumption (mean = 21,480 kWh). She then realizes that the postprogram consumption was
not of interest but rather the savings and the SD for the savings. She also realizes that
management will ask questions about the sample size, s0 she constructs the following table to
help management determine how to best use evaluation resources.

She assumes three levels of confidence (0.1, 0.05, and 0.01), three levels of accuracy (10%, 5%,

19), and three levels of population (10,000, 20,000, 100,000). The results are displayed in the
following table that shows sample sizes as a function of conlidence level and accuracy:
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Exhibit 5. (Coatinued)
Table 12 Sam#c:i:un:[m:ﬁmd’mﬂﬂhﬂndm

_Accuracy
Confidence 10% 5% 1%
Population = 10,000
0.1 117 453 5.349
0.05 192 725 6,544
0.01 376 1,352 7911
Population = 20,000
0.1 118 i
0.05 194 753
0.01 384 1.450
Population = 100,000
0.1 119 472
0.05 195 s
0.01 389 1,539

The computation for the first cell is:
n = 1.28224270*10000/(502%10000 + 1.282%4270%)
Several things are clear from this table.
u The size of the population has little effect on sample size.
. The required sample size for 19 accuracy is so large a« to be impractical 10 implement.

. The trade-offs between accuracy and confidence level are about equal.

Other errors occur during data handling. Data are often mistakenly entered or misread.
While good guality-control procedures can reduce data errors, they will not eliminate them.

Measurement accuracy and sample size can be traded off to minimize sources of error within
a fixed evaluation budget. For example, end-use metering is accurate but expensive, and
samples are usually kept small to reduce costs. The consequence is a large sampling error.
Within the same budget, sampling error might be reduced by using a large sample in
conjunction with load meters, field inspections, and hybrid statistical engineering models that
have a lower per unit cost. Progressively larger samples can be afforded when ficld
inspection is used with engineering estimation, mail surveys are used with statistical
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modeling, and bill analysis is used with a census, These larger samples have progressively
lower sampling errors but progressively larger unit measurement errors.

Defining Precision Requirements Sensibiy

Defining precision requirements is a critical element in determining sample sizes. In making
this determination, one must consider the importance of the measurement relative to
evaluation objectives. For example, an estimate of lighting electricity savings may require
measurement of peak kW savings and operating hours. The peak impact of a high-efficiency
lamp can be determined with a fair amount of certainty. The midday operating pattcrn may
be reasonably predictable, but the evening operating pattern may be much mors variable.
For a utility with an evening peak, the precise measurement of evening operating hours
would be more important than it would be for a utility with an afternoon peak. A larger
sample size may be required for the evening-peaking utility.

In a recent study, building data were collected for & load-research sample. As part of the
sample-planning process. statistical, engineering, und hybrid models were examined for
accuracy and cost in relation to metering options. The study also assessed the relative
importance of individual measurements to the impact variables, Survey data from a large
sample were determined to be lowest in cost but were found to have a relatively large
uncertainty. Hybrid approaches applied to a subsample of critical building types and
measures substantially reduced the potential bias. Where uncertainty and importance
remained, end-use metering appeared to be the best option (XENERGY 1990).

ENSURING DATA QUALITY
Support, Training, and Management of Survey Takers

When possible, experienced staff should be used for field and telephone surveys. When this
is not possible, evaluators should recruit people who have a basic understanding of energy
and who know how to inventory and evaluate building envelope and encrgy systems. In
addition, survey takers should be familiar with the programs, processes, and applications
referred 1o in the survey. Equally important are people with social skills.

Support materials for survey takers should include, but not be limited to, a program
description and introduction, line-by-line instructions for the survey instrument, technical
support materials on equipment and devices, a protocol for dealing with issues that may
arise in the field with particular attention (o sampling, a set of procedures for scheduling
conflicts, and account-contact guidelines.

Training survey takers is one of the most important aspects of a quality-control program.
Even if the survey takers have extensive energy-survey experience, a training session is
essential to instruct them on the specifics of the particular project and to brief them on the
issues that they may encounter in the field. The training session, in conjunction with the
survey training manual, helps to ensure that each survey taker interprets the questions in the
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same fashion, thereby providing the required consistency. Survey takers should practice on
each other and perhaps on a group of volunteers before going into the ficld.

A supervisor should observe survey takers from time to time to be sure that they continue
to ask questions appropriately and follow procedures. Feedback about survey-taker
performance should also be solicited from a randomly selected group of those being visited
in the field. Questionnaires should be edited immediately after they are returned, and any
patterns of omission or error should be called to the survey taker's zttention. Finally,
supervisors should review information on the face sheets of surveys (2.g., the amount of time
spent conducting the interview) to see if these data give indications of interviews being o0
short or too long or the timing of interviews being inconsistent with estimated travel
requirements.

Data Quality Control

Despite training, errors will occur in reporting and in data entry. Several methods of
prevention are available. Double entry of data minimizes input errors. Range checks can
catch reporting and input errors. More sophisticated validity checks, which compare data
with a set of predetermined parameters (such as watts per square foot, occupants per square
foot, watts per fixture, etc.) can be programmed into software. Finally, consistency checks
can verify predetermined relationships between survey questions. For example, a centrifugal
chiller system in a 10,000-f1? building is unusual, suggesting the need for further investigation.

Survey data errors can be identified and reduced by offering a computer-generated encrgy
analysis to the customer. This is a particularly useful practice in mail surveys. This
inducement encourages the customer to exercise care and provides an additional error check
by virtue of the customer’s review of computed results based on the data he/she provided.
In addition to reduced error rates, this offer may increase residential mail survey response
rates as much as 45%. reducing self-selection bias.

Quality Control of Experimental Procedures

Logs should be maintained for all customers being recruited, and the status of all customers
participating in a survey. Tracking the status serves as a record o ensure a survey's
statistical value, as a management tool to evaluate the effectiveness of survey resources, and
as an aid to the utility in dealing with customer issues.

The data-collection manager should conduct ongoing analytic activities to identify potential
problems with a survey. Quality-control procedures include testing variance assumptions,
correcting survey problems, and adjusting analytic methods.

The research plan is designed to measure impacts to a desired precision and confidence
level. The estimate of sample size required to meet this level includes vanance assumptions
for the sample population. Because of the uncertaintics about the actual variance, sample
sizes may be too high or too low. An ongoing analysis of the variance of key variables
during data collection might identify the need to adjust sample size. The variance data can
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ANALYZING DATA

INTRODUCTION

This chapter discusses data-analysis methods for estimating the impact of DSM programs
on kW or kWh consumption. For any given program, severai candidate analysis techniques
will exist. each with its own strengths and weaknesses. The selection ot an appropriate
method will depend upon:

= Specific program design

Bl Available prior information on program impacts

. Program’s priority in the utility's DSM portfolio

= Implementation stage (whether it is a pilot, naw, or mature program)
] Objectives of the evaluation

u The technologies and customer segments targeted by the program

Evaluations can be based predominately on engineering methods, billing-data analyses.
metered data, or combinations of these methods. While most data analyses can be classificd
as falling into one of these categories, the use of multiple methods is a trend. These
approaches go beyond conducting parallel engineering and billing-data analyses. Instead,
they often mean leveraging and integrating data across more than one approach. This
technique could involve using estimates from an engineering study as inputs 10 statistical
models, or it could involve using relationships derived from a statistical analysis of
consumption data within an engineering model

An impact evaluation has two purposes, to measure the change in participant electricity use
and to identify the factors that explain the observed change, especially the effect of the
utility DSM program. The challenge for evaluators is to determine how this intervention in
the market for energy services influenced the energy use of participants and, often, the
energy use of nonparticipating customers as well.

Because the purpose of an impact evaluation s to measure changes in encrgy use, 2 baseline
must be identified from which a change can be measured or estimated. Determining this
baseline is a critical step. Monthly billing data (or meter data) can measure clTer ENErgy




consumption exactly; however, knowing the postparticipation consumption does not provide
an estimate of the change in energy use caused by the program. To determine impacts, an
estimate of the amount of the energy that would have been used in the absence of the
program is needed, see Fig. 6 in Chapter 2. This is accomplished by establishing a baseline
to serve as a proxy for the consumption that would have occurred without the DSM
program.

Many of the estimation problems associated with impact evaluation are related to the
selection of an appropriate bascline. Three such problems (self-selection, free riders, and
free drivers) can be viewed as biases in the baseline (see Chapter 8 of this volume; EPRI
1991b; Violette, Ozog, and Wear 1991). Self-selection bias occurs when program
participation is voluntary. In this circumstance, systematic differences may occur between
nonparticipants, who either chose not to participate or were unaware of the program, and
participants. Free riders and free drivers are imporiant when the actions undertaken by the
comparison group may not accurately reflect the actions that would have been undertaken
by participants without the program.

STATISTICAL COMPARISON APPROACHES

This section outlines several simple-comparison approaches, shown in Table 7 of Chapter 2,
plus methods that use other data available at the utility.

Three Comparison Options

The time-series approach compares the participants’ pre- and postparticipation energy
usages. The energy use of the participants prior to their participation in the program is used
as the baseline energy use. Energy savings is estimated by:

Savmg,s = Qh -Ql '

where Qy, is the quantity of energy used before participating in the program and Q, is the
quantity used after participating. The before and after time periods may be annual periods
or heating and cooling seasomns.

In this case, the comparison group is comprised of the same set of participating customers.
Among the comparison approaches, this method has the advantage of using a comparison
group that is nearly identical in its dwelling and demographic characteristics because they
would not be expected to change substantially over a 2- to 3-year period. However, this
approach cannot capture other factors that may change with time, in particular electricity
prices or weather. In addition, this comparison approach, by not using the change in energy
use for nonparticipants, is not able to estimate natural conservation.

The cross-sectional comparison of participants with nonparticipants examines postprogram
energy use across two customer groups:




Savings = an - QP -

where Q,, is the quantity of energy consumed Dy nonparticipants and Qp, is the quanuty
cnusum:dp by participants. In this case, the baseline is the nonparticipant energy use. This
approach assumes that, in aggregate, the nonparticioant comparison group is identical 1o the
participant group in all respects except for progr= : participation. The advantage of this
approach over the time-series method is that, because one time period is used, no biases
result from factors that changed over time (e.g., weather conditions or prices). However,
a representative comparison group may be difficult to obtain.

Combined time-series/cross-sectional approaches combine the advantages of bothapproaches
and, most importantly, also control for natural conservation. These approaciies compare
changes in energy use over two time periods for two groups:

Saﬁngs - [th = le] e IQ“P e Qﬂp] ¥

where Q, and Qap are the quantities of energy consumed by participants before and after

participating in the program, respectively. and Qg are the quantities of energy
consumed by nonparticipants for the same time periods.

A comparison approach that uses percentage changes in encrgy use is often used:

Percent savings = [(Qyp - le)'foupl - [(Qunp - Qup)"otnp] .

This percentage approach is generally preferred to the absolute-change approach because
percentages help to normalize the estimated natural change in consumption for diffzrences
in the average size of customers between the participant and comparison groups.

The time-series/cross-sectional approaches are the best of the comparison approaches.
Correcting the program savings estimates by the savings that occurred among
nonparticipants helps to control for factors that change over time and influence encrgy use.
Also, 1o the extent that the propensity for natural conservation is the same for participants
and nonparticipants, the approach also controls for natural conservation (Rogers 1989; BPA

1990).

The drawback to this approach is that it assumes that factors such as weather and energy
prices affect both participants and nonparticipants equally. This may not be the case.
However, even the most sophisticated multivariate, simultaneous-equations approaches
discussed later in this chapter are nothing more than variants of this simple-comparison
concept. The sophisticated approaches simply attempt to develop better proxies for baseline
energy us=.

Comparison Approaches Augmented by Other In-House Data

All the comparison approaches discussed above are limited in their ability to control for
those factors (aside from participation) that affect energy consumption, such as weather,

33



electricity prices, appliance stocks, and dwelling characteristics. However, utilities generally
have information on weather and electricity prices in-house, so it is possible to control for
these factors without undertaking additional customer surveys. A simple regression
framework can accomplish this control where program participation, weather variables, and
energy prices are used as explanatory variables. One widely used approach to control for
weather is PRISM (Fels 1986; Fels and Reynolds 1991: Brown et al. 1991).

Besides weather, other confounding variables can be incorporated into the comparison
techniques without having to rely on customer surveys. One such variable is electriciiy price.
If the evaluation spans a 2- to 3-year period, the impact of changes in electricity price on
consumption can be important. Because most utilities have this information within the
billing file, obtaining it requires minimal effort. Other potential variables include house type
(for residential programs), SIC codes (for commercial programs), or other customer and
premise data contained in the utility’s master customer-account files.

Statistical Frecision

Designs and sample sizes that estimate levels of consumption with a high degree of precision
must be distinguished from studies designed to estimate DSM savings, (i.e., a change in
energy use). The large differences in precision between estimates of levels and estimates
of changes can be illustrated with a simple example.

Assume a DSM program in which end-use metering is conducted on 100 participants and
on 100 nonparticipants. The average consumption for participants was 25 kWh per day with
a SD of 8 kWh per day. (Estimates of kWh savings per day are often used because they
eliminate the need to control for different numbers of days in billing cycles, months, or
heating seasons.) The mean use for nonparticipants was 30 kWh per day with a SD of 10
kWh per day. The savings estimate is the difference between these two mean consumption
figures: 5 kWh per day or 16.7% of the mean nonparticipants’ consumption.

From these data, the precision with which the mean conse nption levels are estimated can
be calculated for both groups. The following formula is used to calculate the absolute error

of the estimates of means:
mm-cﬂ‘% : (41)

where ¢, is the critical f-value associated with the confidence level (in this case, 1.98 for a
95% confidence level), 5 is the SD of the estimate (8 and 10 kWh, respectively), and n is the
sample size (in this case, n = 100).

The end-use metering resulted in an absolute error of 1.98 for the estimated mean
consumption for nonparticipants and 1.6 for participants. The relative precision is defined
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s+ Absolute Error

Estimated Mean
The relative precision is £6.5% for both participants and nonparticipants. Given these very
precise estimates of mean consumption levels, the next issue is to determine the accuracy
of the savings estimate based on the difference between these means. This accuracy is
calculated by determining the absolute error of the savings estimate (i.e., the 5-kWh
difference between the two means):

3
Mﬂfﬂﬂ.'f. ‘_.' "

- *\“ﬂ l
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where s, and s, are the SDs of participants and nonparticipants, respectively, and n, and
nyp are the sample size of participants and non ts, respectively.

A 95% confidence level gives an absolute error of 2.5 kWh. The relative precision is found
by dividing this absolute error by the 5-kWh/day savings, giving a £+50% relative precision.
This large absolute error for the estimated savings contrasts sharply with the +6.5% precision
around the mean-consumption estimate for each group. The example illustrates that
research designed to produce precise estimates of levels of consumption may not produce
the hoped-for precision in DSM-impact estimates (i.e., the change in consumption).

USING PAIRED DATA TO ENHANCE PRECISION

Paired data occur when the sample observations contain two or more data elements.
Examples of paired data can include (1) a prior estimate of savings and the floor area of the
same building taken as a pair or (2) an engineering estimate of energy savings paired with
a field estimate of energy savings based on billing data. In both instances, two observations
for the same customer form a pair. Such paired observations can, in cerain circumstances,
provide estimates with smaller variances (Walpole and Myers 1985).

Combining Population and Sample Information

Certain data that might be available for the population of participants can be combined with
sample data to increase the precision of estimated savings. The procedure illustrated here
consists of normalizing energy use over a known variable to reduce variance in the estimates.
One potential cause of variation in energy savings across buildings may be the size of the
building. Large savings are more likely in large buildings. If this cause of variation can be
eliminated, then the variance around the estimated savings can be reduced. For example,
kWh savings per square foot may have a smaller variance and, therefore, can be estimated
with greater precision. However, this procedure requires estimates of floor area for every
customer in the sample, and if estimates of total program savings are to be made, these data
are needed for all participants. Because energy audits are conducted as part of many DSM
programs, such information is often available for all participants.
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To illustrate, consider a program that has 250 participants, with meters installed to measure
before and after electricity consumption for five of them. Two cases are presented: Case |
(Column 1 of Table 13) uses sample data only and Case 2 (all three columns of Table 13)

uses information from the energy audits,

Table 13.  Estimates of electricity savings without and with additional information on

building floor arca
Estimated savings, kWh  Floor area Estimated savin
(metered data) (%) (kWh/hundred ft%)
(1) (2) (3)
Customer 1 25,000 15,000 166.7
Customer 2 45,000 25,000 180.0
Customer 3 20,000 12,000 166.7
Customer 4 50,000 31,000 161.3
Customer 5 15,000 9,500 157.9
Mean 31,000 18,500 166.5

With only the estimates in Column 1, the mean of the estimated savings for this sample is
31,000 kWh with a standard deviation of 15,600 kWh. A 90% confidence interval (Cn
around this estimate is +2.13 times the SD divided by the square root of the sample size, or
31,000 + 14,860 kWh. Thus, the level of precision for this estimate is +48%.

The second and third columns of Table 13 illustrate the use of additional information
available on the population of prograin parti from audit records. in this case the floor
area of each building. Now it may be possible to estimate program encrgy savings more
precisely. This example shows that some of the variation in energy savings is explained by
the size of the building. The mean savings per 100 square feet is 166.5 kWh with a SD of
7.5. The precision around this estimate is +4.3%, significantly less than the +48% from the
unnormalized sample.?

This example illustrates the advantage that can be gained by using information available on
the population of participants to help explain the variation in savings. Often, data like these
are available from audits conducted prior to program participation, or they can be collected
as part of program implementation. Because program savings were, in this example,
correlated with the building square footage, the gain in precision was significant.

2This example does not necessarily assume that the floor arca for cach building is
measured precisely. Measurement error in these estimates will contribute to a larger SD in
the estimated savings per square foot. As long as the floor-area data are positively
correlated with energy use, the precision of estimated savings will be increased.
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Difference and Ratio Estimates

Difference and ratio estimates can increase the precision of estimates of energy savings from
conservaticn measures. These techniques have been applied in many areas of statistical
analysis (Arkin 1974). In fact, one approach used in some evaluations, Statistically Adjusted
Engineering (SAE) estimates, is a variant of the ratio estimator.

Difference- and ratio-estimation approaches can be viewed as procedures for “auditing" the
accuracy of the prior engineering estimates. This auditing is accomplished by using fieid
measurements of a sample from this population. Because many DSM programs, particularly
C&1 programs, develop detailed engi estimates as part of program implementation,
difference and ratio estimators have the potential for widespread use in program evaluation.

The difference estimator modifies the prior population engineering estimates by calculating
an estimated mean difference between field and prior-engineering estimates using a sample
of customers. For example, assume a commercial DSM program with 750 participants. Th=
engineering estimates made as part of the program found that the average savings per
participant for the total population would be 34,000 kWh. The program metered a sample
of five participants to obtain ficld estimates of savings (Table 14).

Table 14.  Electricity savings (kWh) from meter data and engineering estimates

Estimated Estimated

savings Diﬁ:rqncr. .
(meter data) ( ﬂiuwi ) (meter-engineering)
Customer 1 25,000 29,000 -4,000
Customer 2 45,000 44,000 + 1,000
Customer 3 20,000 26,000 -6,000
Customer 4 50,000 48,00 +2,000
Customer 5 15,000 13,000 +2,000
Total 155,000 160,000 -5,000
Mean 31,000 32,000 -1,000
SD 13,928 - 3,742

Based on thesc data, the average engineering estimate is 1,000 kWh more than the metered
estimate. (Note that the mean engineering estimate for the population is 34,000 kWh, but
the mean for the 5 customers in the sample is only 32,000 kWh.) Therefore, an adjustment
factor based on this estimated difference is applied to the mean engineering estimate for the
population. With an estimated difference of -1,000 kWh, the resulting estimate of the
population mean is 34,000 + (-1,000) = 33,000 kWh.

57




If the conventional estimation approach is employed, with only the mean value for the
metered sample of customers, the resulting estimate of the sample mean is 31,000 kWh.
The precision of this estimate is found by:

sD__, = \“mxl ~Meom)
(n-1)

For the data in the example, the SD for the conventional approach is 13,928 kWh. With a
90% confidence level, the relative precision is 43%.

To measure the sampling precision of the diffcr:nﬁe estimate, the SD of the difference
between the metered estimates and the engineering estimates is determined by:

- *
= \”mx, (¥, + Dig)?

(n~-1)
where X; is the metered estimate for observation i; Yj is the engineering estimate for
observation i: Diff is the difference adjustment factor; and n is the sample size. With the
data in Table 14, the resulting estimated SD for the difference estimator is 3,742 kWh. The
precision, with a 90% CI, is £11%.

)

For these hypothetical data, incorporating pricr engineering estimates to create a difference
estimate produces a program energy-savings estimate that is nearly four times more precise
than the conventional approach using only the meter data for the sample.

While the difference estimate uses the difference between the meter estimate and the
engineering estimate, the ratio estimate uses the ratio of the metered estimate to the
engineering estimate. The applications of these two methods is similar; the choice between
the difference and ratio approaches depends on the relationship between the metered
estimates and the engineering estimates (EPRI 1991a; Wright and Townsley 1990). If the
size of the difference between the two is independent of the size of the savings (i.c., a large
engineering estimate does not imply a large difference between the engineering estimate and
the metered estimate), then the difference estimator is more precise. In the extreme, if the
engincering estimate is always a fixed magnitude different from the metered estimate, then
the SD of the difference estimate is zero.

I the size of the difference between the engineering and metered estimate is related to the
size of the engineering estimate, then the ratio estimate is generally more precise. If the
engineering estimate is consistently different by a certain percentage (e.g, it always
overstates savings by 20%), then the SD of the ratio estimate is zero. In practice, if a
difference estimate can be calculated, then a ratio estimate can also be calculated. The
analyst can then calculate both difference and ratio estimates and select the approach that
produces the smallest standard error of the estimate.
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In the above example, the predicted energy savings were not normalized for floor area. The
normalization method presented above can be combined with statistical audit procedures to

further increase the precision of estimates. In this case, both the engineering estimates and
the meter data would have to be expressed in terms of savings per squars foot.

SAE FEstimates as Ratio Estimates

SAE estimates are a type of ratio estimate for which the paired data encompass a field-
derived statistical estimate and a prior engineering estimate of savings. SAE applications
fall into two categories: (1) auditing the accuracy of engineering-based program-saving
estimates and (2) disaggregating whole-building-metered loads into individual end-use loads
(EPRI 1991a). The example presented here focuses on DSM program savings.

SAE estimates are produced by using engineering estimates as normalizing variables or,
when more than one DSM measure is being considered, as independent variables in a
regression equation. The basic non-SAE model is:

AEnergy, = Energy, - Energy,, = 8,(Part;) + B,(Party)

Qar

Energy, = 8,(Par) + g,(Party) + A(Energy, ;) .

where  is the coefficient on the lagged energy variable, Energy,., and Part, and Part, are
(0,1) binary variables that indicate participation in more than one DSM program (ie.,
programs 1 and 2), where the variable takes on the value of 1 if that customer is a
perticipant and is zero otherwise. Alternatively, Part; and Part, could refer to different
DSM measures.

Under the SAE approach, the basic model is:

Energy, = 8,(Eng,) + 8,(Eng,) + A(Energy,,) -

Now the participation variables are engineering estimaies (i.e., Eng, and Eng,) of the
savings from different DSM measures or savings associated with participation in programs
| and 2, respectively. In ecither case, program-specific or measure-specific engineering
estimates of savings must be available. SAE estimates can also be applied in a multivariate
format. The only difference is the addition of other explanatory variables, X, to the above
cquation.

The interpretation of the regression coefficients in the SAE model is different from the
interpretation of those in the first model. A coefficient of 0.5 indicates that, on average, only
509 of the predicted engineering estimates were in fact realized, based on the measured
consumption data.
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The use of engineering estimates of savings as independent variables in the regression
equation instead of dichotomous 0-1 variables has several potential advantages. First, it is
a way to compare statistically-derived estimates with engincering estimates. Second, the
direct incorporation of the engineering estimates into the equation brings more information
to bear on the estimation problem. If one building, according to the energy audit, has
greater potential savings than does another building, then this information is reflected in the
variable representing participation (i.., the engineering-savings estimate). If this information
is hierarchically accurate (that is, the building does have a higher savings potential and does
achieve higher savings), then the precision of the estimated savings should increase. If the
engineering model is 5o inaccurate that it is unable even 10 hierarchically rank buildings by
savings potential, then the SAE model estimates may be less precise than simply using (0,1)
participation variables. This condition is not very restrictive, and SAE estima'es will likely
increase the precision of savings estimates in most instances. However, this thesis can be
tested statistically. Simply estimating the equation with (0,1) indicator vanables and also
estimating the model with the engineering estimates will show which specification produces
the more precise sstimate. If the engineering estimates are accurate enough to hierarchically
rank customers by savings, then the SAE formulation will produce savings estimates with
smaller SDs and higher r-values than will the non-SAE model formulation.

MULTIVARIATE-SAVINGS-MODEL SPECIFICATIONS

The comparison approaches discussed above require data that most utilities typically have
and produce useful information about the impacts of a DSM program. However, with these
approaches, the researcher cannot know whether the participant and nonparticipant groups
are truly comparable. The only data available to confirm the similarity of the two groups
are billing data and other in-house information. Adding customer-specific information (e.g.,
from surveys) may increase the confidence in impact estimates. In some cases, such
additional information is obtained from energy audits of samples o1 participants and
nonparticipants (CMP 1990; BPA 1990). To date, most multivariate models have been
developed for residential programs; however, applications to commercial-sector programs
are increasing (Consolidated Edison 1991; Centrai Hudson Gas and Electric 1991; San Diego
Gas and Electric 1991; Train and Ignelzi 1987).

The availability of additional customer-specific data allows for the use of multivariate models
that can incorporate more structure in terms of engineering relationships, building
characteristics, and customer behavior and attitudes. This additional information can be
important when program savings are expected to be small compared to the customer’s total
energy consumption. A model to isolate program impacts on the order of 5% of total
consumption requires that all available information be used, including a well-defined
structure and as much information from engineering principles as possible.

Evaluators can estimate total energy-use models (cross-sectional models) and change models
(pooled time-series/cross-sectional models). One total-energy-use model and two forms of
change models are presented in Exhibit 6.




Exhibit 6. Specifications of energy-use modcls
Three types of energy-use models can be used for DSM-impact cvaluation, as
illustrated here. Assume that there are three end uses [space heating (SH), AC, and
water heating (WH)], that program participation is denoted by a 0,1 indicator variable
(Part), and that participation occurs at the end of 1990.

1. Cross-Sectional Model

Eyg9) = Bg + B1SH g9 + B2AC g9y + B3WH g9, + BePart + ¢y5,

2. Constrained-Change Model
Eyg91 - Eygo0 = (8o - 8ol + [8SH 991 = #1SHigg0] + [82AC 99, - £2AC 950]
+ [B3WH g9; - A3WHggp] + B4Part + [e99, - €1950]

or

AE = g,(ASH) + 85(AAC) + 83(AWH) + g Part + Ac

3. Flexible-Form Model

Ewgor =  [Bp - *oBol + [ SHyge - A1A1SHygeol + [2ACi99 -
B2A>AC g00] + [83WH g9y = 8343 WH goq] + A4Part + A.E 999
+ [£1991 ~Ase1990]

Here, Ag .-y Ag are adjustment factors. In all cases, the effect of the program on
energy use is given by the cocfficient on the participation variable (8,).

Total Energy-Use Models

Preparticipation data simply are not available in some cascs, such as for new-construction
programs. For these programs, the only option is 1o use a cross-scctional framework in
which the postparticipation energy use of a participant group is compared with the energy
consumption of a nonparticipating group. This comparison can be done with a multivanate-
regression model in which total energy use is modeled and a participation variable is used
as an explanatory variable.
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The total-energy-use model should include all measurable factors that influence elecincity
consumption. Any omitied factor that varies systematically across participants and
nonparticipants will bias the estimates of program impacts. Although different specifications
of models can be used. one approach that is theoretically sound involves use of a
conditional-demand specification. Total electricity demand is modeled as a function of the
electricity used in each end use.

A model of residential energy use illustrates the approach. The household's total electricity
demand at time t (E;) is the sum of the electricity used for space heating (SH,), air
conditioning (AC,), and water heating (WH,) and an error term (e,):

E, = SH,+ AC, + WH, + ¢, . (42)

In practice, electricity use for each end use is itself a function of variables that represents
customer behavior and engineering principles (EPRI 1991a; Parti and Pari 1980).
Applications of the conditional-demand model for estimating DSM-program savings with a
total energy model can be found in Wisconsin PSC (1989), CMP (1990), and Violette and
Ozog (1989).

Change Models: Pooled Cross-Sectional/Time-Series Models

The total-consumption models discussed above are cross-sectional (i.c., they analyze total
energy consumption at one peint in time). Models that include changes in energy use over
time are likely to be more appropriate for DSM-program evaluations. Pooled cross-
sectional/time-series models have the following form:

AE = f, + B,ASH + B,AAC + P,AWH + ¢ , (4-22)
where A denotes the change in the value of that variable (e.g, AE = E, - E,..)

For each end-use variable, a change can result from changes in one or more of the
individual components of that variable. For example, the energy used for SH can change
because of changes in the heating equipment, building insulation, occupant behavior, or
weather. In some cases, no changes will occur in the individual variables so the composite
change variable will not appear in the model. Equation (4-2a) is referred toas a constrained
model because it constrains the cocfficient (i.e., the energy-use intensity) for each end use
10 be constant between the t and t - 1 periods being analyzed.

A more flexible form of the change model uses a lagged dependent variable as an

independemu variable (ie, E,, appears on the right-hand side of the equation) and
introduces adjustment factors (A;) for each end use.
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Table 15.  Electricity-savings, unconstrained-change model*

Independent variable Coefficient (r-values)
Intercept 1256.42 (4.73)
Participation variable -545.94 (-4.30)
Number of people at home during tke day in 1987 527.65 (4.99)
Number of people at home during the day in 1985 -389.97 (-3.63)
SHP times heating degree days, 1987 0,00047 (3.83)
SHP times heating degree days, 1985 -0,00057 (-4.81)
SHP times average price, 1987 -0.0215 (-12.24)
SHP times average price, 1985 0.0237 (12.03)
SHP times income, 1987 0.00020 (7.46)
SHP times income, 1985 -0.00020 (-7.35)
Company #1 indicator variable -1234.83 (-5.93)
Company #2 indicator variable -910.23 (-4.78)
Electricity consumption, 1985 1.03 (77.72)
Number of ohservations 1169

R? 0.90

Mean of dependent variable 12,460

*The dependent variable is postparticipation electricity consumption (1987). The
preparticipation period is 1985, with 1986 being the participation period.

BSH is a variable representing the estimated surface area of the home.

Source: New Jersey Conservation Analysis Team (1990).

this may be difficult to accomplish, even with the sophisticated estimation techniques
designed to address self-selection.

Two general approaches for addressing self-selection within multivariate models are
available. The first approach is based on simultaneous-equations methods; the second uses
the properties of the cross-sectional/time-series change models to reduce the likelihood of
self-selection bias. -

Simultaneous-Equations Approach
Self-selection can be viewed as a situation in which the amount of energy a cusiomer uses

is a function of program participation and the decision to participate is a function of energy
use. Thus, participating in a DSM program and energy use are joint decisions.

64




Approaches for addressing self-selection based on a simultaneous-equations framework
require the estimation of two equations, a discrete-choice participation imodel and an energy-
use equation such as the regression models discussed above. Among the approaches for
explicitly addressing self-selection bias, one casily applied method is the selectivity-correction-
factor technique. This technique, developed by Heckman (1978) and refined by Dubin and
McFadden (1984), involves the estimation of a participation model and a multivariate-
regression model of energy use. In theory, if the researcher can incorporate into the energy-
use equation all the variables that characterize participation, then self-selection bias will be
minimized. Many of the variables that influence the decision to participate are difficult 10
abserve (e.g., attitudes and beliefs). The selectivity-correction technique uses a participation
model to estimate the probability of participation. Then, based on the estimated probability
of participation, a sclectivity-correction term is developed. The general form of this
correction term is:

C' = PI]ILP_' + lnP'] > {4‘4]
(1 - B)

where P, is the estimated probability of participation from the participation model. The

new energy-use equation is:

AEnergy = B,(PART) + By(C) + Byx) -
(45)

This is a multivariate regression model, as discussed in the previous section, with on=
change: C; is added as an explanatory variable. Calculating the C; is straightforward:

. Estimate a discrete choice participation model with a sample of participants and
nonparticipants, data on customer attitudes, and other factors believed to influence
the decision 1o participate in the program.®

= Use the participation model to estimate the probability of participation for each
customer in the sample.

] Use the probabilities of participation for each customer in the sample to calculate the
C; for cach customer.

L Inzlude the calculated C, variable in the energy-use regression equation.

3A discrete-choice model uses discrete outcomes as the dependent variable. Here, the
dependent variable is 1 if the customer is a participant and is 0 if that customer is a non-
participant. The independent variables include factors that influence customer decisions 1o
participate, including income, expected energy savings resulting from participation, and
awareness of the program.
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The selectivity-correction approach introduces the term C; into the equation, which allows
the researcher to test for bias. Violette and Ozog (1989) pointed out several aspects of this
technique that influence the interpretation of the findings. Most importantly, a large,
statistically significant coefficient on the selectivity correction term does not necessarily imply
that the estimates of program snergy savings have a large bias. In some cases, little
correlation exists between the magnitude of the coefficient on the selectivity term and the
size of bias in the encrgy-savings estimate. The only way to examine this is to estimate the
model with and without the selectivity factor and then compare the resulting savings
estimates. Finally, the bias can be either positive or negative (i.e., it can increase or
decrease estimated program savings). :

Implicit Correction for Self-Sclection: Pre/Postregression-Analysis Techniques

A second approach to self-selection uses a change model based on pooled time-series/cross-
sectional data. Under a reasonable set of assumptions, the change models presented in the
previous section can reduce self-selection bias (Heckman and Robb 1985; EPRI 1991a).
This technique =xploits the fact that an evaluation is only concerned with how energy use
changes over time and not what determines total energy use. By investigating only the
factors that alter energy use, one can mitigate the effects of self-selection bias without using
sophisticated models.

To understand this approach intuitively, assume that participants in a conservation program
are more likely to consume less energy without the program than nonparticipants are. If this
propensity to consume less energy is constant over the short run, then a difference model
cancels out this propensity to consume less energy, eliminating the bias.

The implication of this result is that by collecting data on at least one period cf preprogram
energy use, researchers can produce an estimate of DSM impacts that may not be affected
by self-selection. However, this approach does not correct for self-selection :f participants’
and nonparticipants’ change in energy consumption exhibits a systematic difference with
time. For example, if participants consistently take more conservation actions over time than
nonparticipants, then participants not only will have lower levels of energy consumption, but
also will have more rapidly changing energy consumption. Figure 8 depicts such a situation.
Because the rate of change in energy use over time is different for the two groups, this
difference between participants and nonparticipants does not cancel out in a two-period
model. Under these circumstances, a pre/postmodel will not fully correct for self-selection
bias, and the use of the self-selection correction factor may be warranted.

Two methods for mitigating self-selection bias have been presented. The choice of which
approach 1o use depends on several factors. First, the selectivity correction technique can
be used with both cross-sectional and pooled cross-sectional/time-serics data, while the
change in energy use approach can only be used with pooled cross-sectional/time-series data.
Thus, the selectivity-correction technique is particularly useful for new-construction
programs. Also, the potential for self-selection bias is much greater in cross-sectional
models.
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Fig. 8. Self-selection bias in pre/postmodels.

SELECTED SPECIAL ISSUES
Data Analysis and Estimation Accuracy

Some of the confidence levels and tolerance limits set as targets for DSM research are based
on those developed for end-use research where the objective was 10 measure a consumption
level, not a change over time. These precision requiremcnts may not be appropriate for
DSM evaluation. One criteria for determining the appropriate level of accuracy should be
whether the information is adequate for making good business decisions regarding
investments in DSM programs. The confidence needed for this may be different than that
required for other utility investments because of the ability to monitor DSM programs
periodically and the high ratio of variable-to-fixed costs of DSM programs compared 10 8
power plant. [If savings are estimated to be 10%, then is it necessary to have 90%
confidence intervals with 109 tolerances, i.e., must the utility know that the true savings falls
between 9% and 119%: Or might an estimate of 10% savings, where the analyst is 0%
confident thai actual savings will fall between 6% and 14% (i.e., a $+40% precision), might
meet the criteria for good business decisions, particularly if this number can be updated
frequently as additional program experience is gained. In this case, a requirement that
savings estimates achieve a £10% precision seems high. Also, if program costs are low, the
program may be cost-effective at 6% savings. Ultimately, the specification of accuracy
required for decision making will be decided by the utility and other interested parties.
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Multiple-Analysis Methods

Multiple analysis methods are frequently used for evaluation. For example, expenimental
designs sometimes include engineering estimates, metering data (whole-premise or end use),
and billing data analyses (CMP 1990; Northeast Utilities 1991a and 1991b; the New Jersey
Conservation Analysis Team 1990). The use of multiple methods can encompass different
approaches. Three are discussed below.

Triangulation involves the use of more than one approach to estimate the impacts
of a DSM program. See the subsection on Combinations of Data Sources in
Chapter 3 and Hirst (1991) for more information.

Leveraging data differs from triangulation in that it uses data from one metnod as
input to another method to increase the precision of the impact estimates. This
approach uses data to reduce the variance in the parameter being estimated.
Difference and ratio estimates are examples of leveraged approaches in which data
from two analyses are combined. For example, in SAE methods, the engineering
estimates of program or measure savings are used as inputs to the staustical model
(EPRI 1991a): see Chapter 3 for additional discussion of this topic.

Prior information on the variable of interest (e.g, program savings) is used as a
starting point. The uncertainty around this estimate is quantified from previous
studies or expert judgement. This approach uses this information as an input to a
Bayesian-estimation framework. Information on the impacts of DSM programs and
measures can come from prior evaluations, engineering models, and expert
judgement. The use of this information with a systematic approach to updating and
adapting existing estimates based on new evaluation data could usefully augment
conventional estimation approaches. In some cases, this may be a successful primary
estimation method when the objective of the cvaluation is to update existing
estimates. This approach is discussed further later in this chapter.

The use of multiple methods and data sources aliows the evaluator to use the available
information in a cost-effective manner. Information in a DSM evaluation can be leveraged
through a number of methods.

Using end-use metering information in engineering models for calibration, validation,
and simulation of a hypothetical baseline (Kaplan, Jones, and Jansen 1990; EPRI
1991b)

Using engineering relationships to specify statistical models (King and Gavelis 1990)

Using engincering estimates and/or metering to augment statistical estimates (EPRI
1991a and 1991b; Empire State Electric Energy Research Corp. 1990)

Combining population and sample information




L] Combining expected or forecasted savings with statistical models by using statistical
audit procedures or using SAE estimates

L Using prior information in the form of savings estimates and distributions (EPRI
1991a)

Procedures That Accumulate Information Over Time

One concern with current methods is that each evaluation essentially starts over, ignoning
the results of previous evaluations. This procedure may be appropriate for medical research
where falsely rejecting the null hypothesis carries an extreme penalty. However, the
appropriateness of this assumption for DSM evaluation is an open question. The use of
prior information in a Bayesian framework assumes that information should be cumulative.
On this basis, the researcher can start with existing estimates and then revise these estimates
based on new data.

The key requirement for a Bayesian analysis is the establishment of an acceptable and
unbiased "prior estimate” of impacts or consumption levels. While this requirement may be
a difficult one to meet, these techniques might usefully augment traditional estimation
approaches. The use of prior information as constraints, as initial estimates of savings, or
in the form of a likely distribution of savings may all be useful. These approaches assess the
likelihood of observing a drawn sample, given the conditionally assumed prior estimates.
The use of these methods may be one way to achieve the levels of accuracy that some
analysts are hoping for in evaluation. Software is now available that allows the analyst to
start with an existing estimate that is bounded by wide CI (EPRI 1991a; Pollard 1986;
Schmitt 1969).

Free Drivers and Comparison-Group Contamination

The issue of free drivers is increasingly recognized as important in DSM cvaluation
(Chapter 8). Several approaches for addressing this issue have been suggesied. One
approach is 10 change the estimate of baseline energy use from which the impacts are
measured. For example, it may be appropriate to use « historical baseline from the early
years of the program. Free drivers are more likely to be a significant problem for programs
that have been in existence for several years and have achieved high participation levels.
If baseline energy use for nonparticipants is taken from one of the earlier years, then the
concern about nonparticipant consumption being influenced by the program is reduced.
Because it can be assumed that some energy-efficiency improvements were likely to occur
without the program, this approach typically would provide an upper bound on savings.
However, if the time span is only two or three years, this improvement could be expected

to be minor.

A second approach involves the use of survey methods to determine whether nonparticipants
have changed their energy use as a result of the program, as discussed in Chapter 8.
Nonparticipants could be queried as to whether their behavior has changed because of the
program. Trade allies could be queried to determine whether they belicve the market for
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the DSM actions promoted by the program has moved in such a way that nonparticipants
are impacted (CMP 1990).

While free drivers are one form of comparison-group contamination, several other concerns
regarding contamination have been raised as well. These concerns include whether or not
o include in the comparison group customers that participated in DSM programs other than
the program being offered. A second issue is whether to exclude from the comparison
group customers that participated in the same program prior to the analysis period
(Chapter 6). In some instances, these customers cannot be cost-effectively identified and
excluded from the comparison group. The question is whether this inclusion poses a
potentially important bias. In raost cases, this will not be an important problem. If a change
model is used, then a number of factors will reduce the potential influence of these factors
on impact estimates. Information should be collected on all programs in which the
customers have participated to allow for testing of the significance of this factor on
estimates, but the use of a pooled cross-sectional time-series experimental design should
reduce any bias this might cause. '

End-Use and Whole-Premises Metering Versus Billing Data

The finer the temporal and end-use resolution in the consumption data, the better the
analysis (Chapter 7). The statistical problems and methods discussed earlier in this chapter
are equally applicable to end-use, whole-premise, and billing data. Using difference- and
ratio-estimation methods to increase precision is more relevant with end-use data because
of their ability to reduce the required sample sizes to achieve a given level of precision.

There have been only a few metering studies that have been specifically designed to estimate
the savings resulting from DSM programs (Northeast Utilities 1991a; Violette 1990). Pre-
and postparticipation metering are required to accurately capture the change in
consumption. Several utilities have incorporated end-use metering projects in cvaluation
plans. As these studies are completed, considerable information on the applicability of
metering will be available.

Engineering Methods

Engineering approaches can provide information on equipment and system performance
characteristics and operation profiles of measures installed through the programs. These
techniques have seen widespread application in DSM-program impact evaluation as well as
in program planning and screening (EPRI 1991a).

Eariy comparisons between impact-evaluation methods using consumption data (e.g., billing
histories) gave estimates that were substantially lower than the engineering estimates.
However, recent work using engineering methods based on onsite inspections after
installation of DSM measures show much closer agreement between methods.

Engineering methods can serve several useful functions in impact evaluations.
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Engineering estimates may provide independent, stand-alone estimates of program
impacts. Engineering methods provide a quick method of developing before- and
after-the-fact estimates, as well as ongoing monitoring of program impacts. As an
evaluation method, however, engineering assumptions and estimates nced to be
benchmarked against billing-data analyses and end-use metering studies.

cstimates can verify statistical methods. Statistical approaches can
produce implausible estimates for certain programs, often because of data-quality
problems. Engineering estimates can help assess plausibility and provide backup
estimates.

Engincering methods are sometimes the most cost-cffective method. Enginecring
methods are inexpensive and can serve as a primary method when the value of
information does not justify more-expensive statistical and end-use-metering
approaches.

Engineering estimates can provide time differentiation of impacts. Statistical
estimates are limited by the temporal disaggregation of available consumption data,
often a one-month billing period. Valuation of impacts in benefit/cost analyses often
requires estimates of consumption impacts differentiated into on-peak and off-peak
periods and load-shape impacts by hour of the day. Savings from billing analyses can
be allocated io these time periods with engineering models.

Engineering approaches can estimate savings fo: other fuels. Billing data for natural-
gas or fuel-oil consumption may not be available to an electric utility, yet the program
may influence the consumption of these fuels. In some cases, it may be more cost-
effective and expedicnt to rely on an engineering estimate.

Engineering methods can offer measure-specific resolution. Statistical approaches
may be constrained in determining impacts by individual measurcs. The available
data for a billing analysis may be on a package of measures, and multicollinearity may
prevent the identification of measure-specific impacts. Engineering estimates can
allocate aggregate savings to individual measures or combinations of measures,
including interactive effects. For example, a DSM program may offer a package of
hot-water conservation measures. Engineering methods can apportion the estimated
total savings for the package to individual measures (e.g., low-flow showerheads, pipe
insulation, and water-heater wrap).

CONCLUSIONS

Performing imipac: evaluations will continue to challenge evaluators, who will apply methods
that draw from many areas of expertise. These areas include survey research, sample design,
statistics, market research, consumer theory, economics, and engineering. Future DSM
evaluations will likely be characterized by several factors:
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Increased emphasis on discrete-choice modeling of DSM decisions. Such analyses
develop better estimates of program impacts through improved baseline usage
estimates. Also, these methods provide valuable insights that can be important for
program marketing and understanding custorer decision processes.

More end-use and whole-premises metering. The costs of metering are declining, and
experimental designs are being developed to usc this information more efficiently.

Nearly universal analysis of electricity billing data, even if additional metering is being
conducted. Billing data are readily available, and the additional information required
for even the most detailed analyses of billing data are generally collected through
customer surveys. Showing how monthly energy consumption changed is the starting
point of most evaluations. Additional methods can be used to explain why this
change is or is not an accurate estimate of program impacts, but most decision
makers want to see this basic calculation.

Use of multiple approaches, in which the output of one method is used as the input
to another method. Examples of these approaches inclnde difference estimators,
ratio estimators, and SAE estimates,




CHAPTER 35

REPORTING AND USING EVALUATION RESULTS

Steven Nadel

INTRODUCTION

This chapter discusses what evaluation material to report, how to report that information,
and how to use the evaluation results developed in the other chapters. This chapter
emphasizes the orderly and complete reporting of all major types of evaluation information
and the diverse uses for evaluation data, both internal and external 1o the uiility conducting
the program. .

REPORTING EVALUATION RESULTS

Sometimes evaluation results are reported in a single document; other times several discrete
reports are issued. The most common reporting arrangements are scparale process- and
impact-evaluation reports on each program or annual reports that summarize all available
information on a utility’s DSM programs.

In addition to basic process- and impact-cvaluation data (Chapter 1), other types of
evaluation data are important and useful, including data on participation rates, program
costs, measure life, and free riders. Often, these data are included as part of evaluation
reports, but these data are frequently omitted from such reports entirely. Much of these
data are available in databases that track prngram activity. Because these data are
continually compiled, they can be reported at almost any point, although annual reporting
is most common. Table 16 provides a checklist of the information that should be included
in comprehensive evaluation reports; most of these topics are discussed below.

Table 16.  Key ingredients of a comprehensive evaluation report

Table of contents Program costs
Program description Program energy and load reductions
Evaluation method Measure life
Participation Cost-effectiveness
Number of participants Process-evaluation results
Participation rates Summary and recommendations

Free riders




Program Description

Each report should include a description of the program being evaluated to provide a
context for reviewing the results. The description may be a brief summary (with citations
to a more in-depth description), or a complete description may be inciuded in the evaluation
report or in an appendix to the report.

The description should include: a history of the program (e.g., when it began and ended);
program goals, including the target audience; an indication of whether the program is a pilot
or full-scale program; the program’s components (marketing, incentives, information,
technical assistance, etc.); the program's operations (audit, rebate application, ctc.); and
changes made to the program since previous evaluations or program descriptions were
published.

Evaluation Method

Every evaluation report should discuss the methods used. For process evaluations, the
description of methods may be brief, indicating who was interviewed, how these people were
selected, what questions were asked [commonly a copy of the interview guide(s) is included
in an appendix], what other data were used and their sources, and who conducted the
interviews and other evaluation activities.

For impact evaluations, the description should cover sample sizes, sample selection,
comparison-group selection, data-cleaning rules (what criteria were used to eliminate or
modify poor-quality data), data attrition (how many customers in the original sample were
eliminated from the analysis and for what reasons), and the analysis procedures used. This
information allows the reader to assess the validity of the approach and the results ob.ained.
When discussing data attrition, summarizing the results in a table is ofien uscful (see
Table 17). In discussing the method, explaining why particular approaches were selected is
also useful. The method write-up often includes citations to other souices that describe
particular evaluation approaches in detail

The methods used to track and calculate other program data should be reported, including
how the participation rate, free-rider proportion, direct and indirect costs, and energy and
demand savings were defined and calculated. Because different evaluators use different
approaches and definitions for key terms, it is important to specify which approach and
definitions were used (Berry 1989 and 1990; Nadel 1991; Hirst and Sabo 1991).

Participation
Data on the number of participants is used to assess the overall size of a program and 10

calculate indices, such as participation rate and cost per customer. The number of
participating customers is typically calculated in one of three ways:
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Table 17.  Data attrition in the low-income scgment of CMP’s Weather Shield and
Attic Attack Program®

——Number of cases
Participant Comparison
group group
Original database 1,904 442
No billing data available 274 -
Master meter; less than 300 days of data;
vacancies; duplicate accounts 226 33
Greater than 509 change between 86 36
pre- and postparticipation years
Remaining observations 1,318 73

*This table shows the original sample size for the participant and comparison groups
and the number of cases that were lost at each stage of data cleaning, including missing data
("No billing data available™), unusable data ("Master meter, .."), and data that distort the
analysis ("Greater than 50% change ...").

Source: Stucky et al. 1990.

" The number of applications processed (including multiple applications submitted by
a single account)

u The number of unique account numbers participating in the program (including
multiple account numbers used by the saae home or business)

" The number of unique customers participating in the program

While the last definition is probably the most useful, it is frequently impractical to implement
because most record-keeping systems cannot identify all accounts assc2{ated with a particular
home or business. The second definition is easier to calculate because identical account
nombers are generally easy to find. For this reason, it is likely to be the preferred definition
for most applications. Use of the first definition should generally be avoided becausc many
programs encourage customers to participate more than once, which makes impossible the
calculation of how many eligible customers have not participated in a program.

Three other important issues in calculating the number of participating customers arc

whether to count pending applications or only completed applications, whether to count all
participants or only participants who are not free riders (see Chapter 8), and whether to
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Table 18, Electricity savings from the Northeast Utilities EnergyCHECK program®

Annual electricity use Mean 959 Mean 959

and savings (kWh/fi?) we | ICIEISD ue ] SD
Preimplementation use 1273 £3.06 1149 1281 1435 193
Postimplementation yse 1248 312 1170 13.79  :453 20
Change in use 025 +088 33 098 . 076 338
Net program impact -1.23

(difference between participants and nonparticipants)

“This table shows net and total savings and includes data On sample size, CI, and SD,
Although the table does not show percentage savings, data on Preprogram electricity use s
provided, permitting Percentage savings 1o be casily calculated. Dara js reported on a per
“quare-foot basis because Participant buildings were slightly larger than buildings in the
“omparison group.

Source: Peters. Oswald, and Horowitz 1990,

savings are kWh savings achieved by a measure divided by 8760 hours (the number of hours
in a year), For example, replacing a 40-W lamp with a 34-W lamp has a maximum demand
savings of 6 W, [f 70% of the lamps are on at the time of the summer peak, coinciden:
summer peak savings are 4.2 W [6(0.7)]. If the lamp operates for 3500 hours each year,
average demand savings are 2.4 W [6(3500,"3760}].

Many cost-effectiveness models separately examine program costs and savings by season
(€., summer, winter, and spring/fall) and by time of day (e.g., peak, off-peak, and shoulder
periods). These models generally require estimates of average demand $avings during each
of the periods involved. [n reporting these values, which months, days, and hours are
included in each period should be indicated,

Reports of kWh and kw savings should indicate whether savings are at the customer or
generation level, and if the latter, what transmission and distribution losses and reserve




In reporting demand savings, summer and winter coincident peak savings should gencrally

be reported. In addition. maximum savings, average annual savings, and average savings
during specific seasons are often useful.

Measure Life

The life of DSM measures, an important variable for determining program cost-¢ffectiveness,
is also critical for capacity-planning purposes because, when measures wear out, they must
be replaced by new resources (Chapter 6). Estimates of the effective life of each DSM
measure promoted by a program should be reported along with the source of each estimate.

Program Cost-Effectivencss

Cost-cffectiveness is usually assessed by comparing the benefits and costs of a program. If
the ratio of benefits to costs is greater than one, a program is cost-cffective. To standardize
these calculations, the California PUC and the California Energy Commission (1987)
developed several tests 1o calculate the benefit/cost ratio for DSM programs. These tests
examine program cost-effectiveness from the perspectives of participants, nonparticipants,
the utility, all parties (called the total resource cost test), and society (the same as the total
resource cost test with the addition of quantified externality costs). Krause and Eto (1988)
explain and demonstrate the use of these tests.

Evaluation reports should include the results of these five tests for each program analyzed.
Benefit/cost ratios can be calculated on a cumulative basis (since program inception) or for
the most recent year. In addition to providing benefit/cost ratios, evaluation reports should
include an explanation of the key assumptions used in the calculations, such as discount
rates, avoided costs, and environmental externality values.

Costs per kW and kWh provide a quick approximation of program cost-cffectiveness,
although these indices cannot substitute for a detailed benefit/cost analysis. Costs per kW
are calculated by dividing program costs by kW savings. To be most useful, these
calculations should include both direct and indirect costs. Savings should be estimated for
the time of the system peak. Costs per kWh, also called the cost of conserved energy, are
generally calculated on an average basis over the life of the measures installed. This is donc
by levelizing, over the average measure life, the annual program costs with a discount rate
equal to the utility cost of capital. The cost of conserved energy is the annualized payment
divided by the kWh savings in one year (Meier 1982). For example, if a program costs 51
mullion, saves 4 million kWh annually, has an average measure life of 10 years, and a 6%
real cost of capital, then the annualized program cost is $135,868, and the cost per kWh is
3.4¢/kWh ($135,868 divided by 4 million kWh).

Costs per kW and kWh can be compared to reference values based on utility avoided costs
(¢/kWh) and to the cost of new power plants ($/kW). Whenever utility DSM-program costs
are substantially less than these reference values, the program is likely to be cost-effective.
Of course, a definitive estimate of cost-effectivencss requires a full benefit/cost analysis. In
particular, using the ¢/kWh index does not give any credit for kW savings (and vice versa).




Programs that are not cost-effective based on kW or kWh savings alone may be cost-
effective when both benefits are included. The costs for ;;:klk-cﬂpping programs should be
compared to the cost of new peaking power plants (in $/kW), while the costs of energy-
efficiency programs should be compared to the cost of new baseload power plants (in ¢/kWh
or $/kW).

Process-Evaluation Results

Process-evaluation results may be reported in a separate process-evaluation report, or they
may be one element of a larger evaluation report. In either case, process-evaluation results
should be reported in the context of other evaluation findings. That is, where appropriate,
the process evaluation should address issues raised by other evaluation activities and vice
versa. In this manner, the results of different evaluation components, when taken together,
provide a complete, integrated evaluation (Chapter 9).

Summary and Recommendations

The summary may be the most important section of an evaluation report because utility
executives and PUC commissioners may read only that part (Exhibit 7). In addition, many
people will read the summary before deciding whether to read additional sections of the
report. Thus, the summary must include key evaluation findings and recommendations. The
summary should be written for senior management and should strike a balance between
brevity and thoroughness. Recommendations and action items should be prominently
featured. The summary should interpret evaluation findings in light of short- and long-tcrm
program objectives. For example, how do tion rates compare to estimatcs made
at the beginning of the year? In addition to a written summary, summarizing data
on the program (e.g., costs, savings, and participation rates) in a single form may be useful
to readers so they can readily find the data they need (Hirst and Sabo 1991).

Recommendations from an evaluation usually fall into two general categories: ways 10
improve the program being evaluated and follow-up work to provide more and better
evaluauon data. In reporting recommendations, each recommendation should be highlighted
so that managers can quickly find the recommendations that interest them. The
accompanying text should describe and summarize the rationale for each recommendation,
and also identify who (e.g. program manager or evaluation supervisor) should be responsible
for reviewing and implementing each recommendation. If evaluation recommendations are
acted upon before the evaluation report is completed, the report should indicate the
disposition of each recommendation. More often, the disposition of recommendations will
have to be reported in subsequent evaluation reports, and the disposition of previous
recommendations reported in the current evaluation report.

USING EVALUATION RESULTS
Evaluation results can be used for both internal (within the utility) and external purposes.

In this section, we discuss many of these uses and conclude with a brief discussion on
internal versus external reporting. .
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Exhibit 7. Evﬂuﬁnumhlhnﬂllimpmpmo{mﬂ(lm

This summary describes the program, participation, savings, costs. and cost-effectiveness. These
findings are interpreted in light of long-term goals. Several recommendations are also
discussed. This summary has only a few weaknesses: (1) participants arc reported in terms of
number of applications, not number of customers; (2) participation rate is not reported; and
(3) the type of energy savings reported is not described (in this case, net generation-level
savings based on engincering estimates; demand savings arc coincident with the summer peak).

The C&I Lighting Rebaie Program promotes the installation of cnergy-cilicicnt
lighting products through dealer incentives. Dealers are paid rebates for sales of
qunli!yhn?; ptodul:l} mmmdmmwxauﬂmmpaﬁ:. Pr:l?::u
currently eligible nuhepw:frulm vorescent lamps, baliasts,
fixtures and reflectors, and ﬂ@m compact fluorescent lamp
retrofits. 1987 was the start-up year for the program.

In 1987. 104 dealers (out-of a target group of 179 dealers) submitted 1449 rebate
requests totaling $516,696. Of the money rebated., 36% went to fluorescent lamps,
11% went to fluorescent ballasts, and 52% went to fluorescent fixtures. The majonty
of rebate requests came from 18 dealers. Nearly half the customers listed on rebate
requests come from the large C&I revenue class, despite the fact these customers
account for only 6% of NEES's C&I customers. For the program to be successful,
more dealers need to participate in the and participating dealers need to
handle an increased volume of rebates. major target of these efforts should be
small and medium-sized C&I customers.

Energy savings from equipment sold under the in 1987 are estimated to be
1.3 MW and 48 GWh per year. M%mm-&jmm
eliminate Hﬁmatﬂdilﬁnpby'frurw—mwhnmuld have purchased
eligible equipment even il the program were not olfered. Free riders are estimated
1o account for approximately 45% of fluorescent lamp rebates and 50% of fluorescent
ficture rebates.

The program is functioning smoothly. Dealers appear 1o be having little difficulty
with the rebate forms, and rebate checks are being ssued promptly. Overall. a survey
ﬂmmhmmxthemjotkyﬂMHammhﬁedﬁmmepmym
Only 6% of the dealers surveyed were dissatisfied with the program.

Based on the program's performance in 1987 and based on projections of future
program participation levels and costs, the is projected to just meet its target
of 57 MW of peak demand savings. U these projections. the program’s cost-
Lepefit ratio is estimated to be 021. Even if jon levels are half of
projections and the number of free riders increases tly, the program still has
a cost-benefit ratio of 0.50 or less. However, if levels are low or free
riders increase, the program will not meet its demand savings target. [n order
m.allnwl‘nrthmmnﬂn;:ndunduiﬂmﬂlh:m‘:dmndmﬁnpgmul
muduinhhtuudddhmﬁwdpnmmnmm[mmm
added in December, lmmmmmmmuﬁwﬁnmpﬂm
currently eligible for the program.




Internal Uses

Internally, evaluations are used for many purposes, as illustrated in Table 19.

Table 19.  Internal uses of evaluation results
Use Exampie(s)
Program Process evaluation shows how to attract new market segmerts (o
modification a program.
Impact evaluation shows that some measures save less energy
than expected.
Resource Impact evaluation shows the likely future effects of programs o
planning be included with power plants in utility resource plan.

Load forecasting

DSM bidding and
performance
contracting

Rate design

Market research

Process evaluation identifies role of trade allies, leading to
creation of a new program.

Evaluation data is used to strengthen behavioral relationships
within forecasting models.

Impact evaluation results are used to adjust forecasts for future
effects of utility DSM programs.

Impact evaluations of utility-run programs provide a yardstick
against which to compare bids.

Evaluations suggest which programs a utility shouid run itself and
which ones to operate through contractors.

Time-of-use response 1o interruptible and other rate programs
can be used to design new rate programs.

Process evaluations icentify differences among market segments
in participation, satisfaction with the utility, its programs, and
other characteristics.

Modifications. Evaluation results can be used to modify programs. For example,

Program
as a result of an evaluation of a pilot program, a utility might decide

to implement a full-

scale program, incorporating program modifications suggested by the evaluation. Process

evaluations often include recommendations for program modifica

tions that can be quickly

assessed and implemented.




For example, BPA ran a pilot program in which industrial customers submitted proposals
for partial funding to install DSM measures. Measures were required to have a payback
period of three years or more. A process evaluation found that the three-year payback
criterion exceeded the investment threshold of many firms. The evaluation aiso found that,
because of the competitive nature of BPA's selection process, many firms were unwilling to
invest in proposal preparation unless projects were already under consideration at the plant,
which meant that a high proportion of free riders was likely. Also, the two-month period
during which proposals were accepted did not correspond to the capital-budget cycic at most
plants (Peters and Gustafson 1987). BPA subsequently changed the incentive to a ¢/kWh-
<aved basis and allowed proposals to be submitted at any time (BPA 1988).

In addition to adopting short-term recommendations, evaluation results (e.g., participation
rates and savings per customer) should be compared t0 program expectations. If results are
significantly less than expectations, further analysis is needed to decide whether the initial
expectations were reasonable and if program performance can be improved. For example,
an evaluation of BPA's Institutional Buildings Program found that savings were 40% less
than prior engineering estimates, Likely reasons for the discrepancy were identified, and
suggestions were made as to how the program could be modified to improve future savings
(Keating and Blachman 1987). Several of these recommendations were incorporated into
the program, and many of the remaining recommendations were incorporated into new
programs subsequently developed by BPA (Keating 1991).

Evaluation results should also be compared to studies of the conscrvation potential within
a utility service-area. For example, if a conservation-potential study indicates that 500 MW
of savings are available from motor-efficiency improvements but motor savings after two
years of program operation are only 20 MW, then additional steps may be needed to 1ap
more of the potential. This happened in NEES's initial motor program; low savings relative
to the potential led to a complete revamping of the program (Stout and Gilmore 1989).
Following the program changes, participation rates increased substantially (Nadel 1990).

Utilities should compare evaluation results with results from similar programs operated by
other utilities. Comparing results for several different indices is useful; such indices include
participation rates, percentage kWh and kW savings, free-rider proportions, ratio of indirect
1o direct costs, cost per kWh saved, cost per kW saved, and the ratio of evaluation estimates
of energy savings to engineering estimates. If these indices are calculated with the
procedures discussed above and in Nade! (1991) and Hirst and Sabo (1991), they are usually
comparable from program to program. If an index value for a particular program is better
than that for other similar programs (e.g. high participation rate), it may indicate that a
program is going well. If an index for a program is below average, it indicates that
additional research is needed, first to see if there is a reasonable explanation for the poor
index value and second to see if program improvements are justified to improve the index
value.

Resource Planning. Evaluations of existing programs often provide useful information for
planning new programs and for preparing long-range resource plans. To illustrate, Nadel
and Tress (1990) developed long-range DSM plans for three New York utilities. For cach
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of the 21 prograins examined, estimates of participation rates, utility and customer costs,
savings per customer, and measure life had to be made 10 compute energy savings, costs,
and cost-effectiveness. Wherever possible, these estimates were based on the results from
evaluations of successful utility programs.

Forecasting. Evaluations can be used to improve utility load forecasts by providing data
needed for forecasting models and by helping to estimate the impact of DSM programs.
Most utilities incorporate DSM measures into their forecasts using a two-step process. First,
baseline energy-use and demand forecasts are prepared that incorporate the effects of DSM
actions taken by customers in the absence of utility programs. Second, the impacts of utility-
operated programs are specifically modelled and subtracted from the baseline forecast.

In computing baseline energy use, future efficiency trends in the absence of utility programs
must be estimated, including the impacts of market forces and government efficiency

10 evaluate an appliance rebate program can be used to estimate the energy consumption
of new residential appliances. Similarly, baseline data collected for a commercial new
construction program can be used to estimate the energy use intensity (kWh/ft?) of new
buildings. These values are required inputs for many forecasting models. Some forecasting
models include consumer-choice algorithms in which adoption of DSM measures is modeled
as a function of measure costs, savings, and current stage on the technology-diffusion curve.
Evaluation results can be uscful in estimating these model coefficients.

DSM Bidding and Performance Contracting. Many utilities contract with energy service
companies (ESCO) and other contractors t0 provide energy savings. In such cases, the
utility must determine whether the energy savings and cost estimates provided by prospective
contractors are reasonable. Also, the amount of energy savings actually achieved must be
estimated, particularly if payments {0 contractors arc based on kW and kWh savings. DSM
evaluations can help with both tasks. Evaluations of existing programs provide useful
yardsticks for assessing the reasonablencss of bids and proposed contracts. and past
evaluation can suggest cost-cffective ways to measure the encrgy and demand reductions
provided by contractors.

Rate Design. Data collected on electricity demand during different hours of the day and
differet seasons can help in the design of time-of-use and interruptible rates. An evaluation
of NEES's Stand-By Generation Program (which provided payments to customers (0 operate
emergency generators during peak periods) provided insights on how to improve program
participation and savings. These results were subsequently used to revise the rate schedules
for the company's Stand-By Generation and Interruptible Service Programs (Nadel, Cress
and Ticknor 1989). Similarly, Southern California Edison used performance data on storage
cooling systems to design special time-of-use rates to encourage such systems (Nadel 1990).

Market Research. Evaluations collect information on the market segments targeted for the
program, including data on customer characteristics and preferences. For example, Southern
California Edison maintains a database of market-rescarch information on its largest
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customers. As evaluations are conducted on programs serving these customers, additional
information for the database is likely to be produced.

External Uses

Regulators use evaluations in their review of DSM plans and performance. Intervenors in
the regulatory process use evaluations for the same reasons. In addition, DSM-program
planners and implementors from other utilities use such results to learn from the experiences
of others.

Regulators may want to review evaluation plans prepared by utilities for reasonableness (are
the approaches proposed in line with modern evaluation practice?) and thoroughness (are
all needed data included?). Such reviews help ensure that the information regulators need
will be collected, reducing the chances that disagreements on procedural issues will hamper
the recovery of DSM-program costs. For these reasons, the Connecticut and Massachusetts
PUCs require utilities to submit detailed evaluation plans for approval.

Regulators might require utilities to collect and report specific types of cvaluation data. For
example, the Massachusetts Department of Public Utilities developed a specific format for
annual reports of DSM results (Hirst and Sabo 1991). Regulaturs might even specify
specific evaluation methods. For example, the New York PSC directed its utilitics to work
with commission staff to develop a standard method to evaluate three DSM programs
mandated by the PSC (XENERGY 1990).

Of course, PUCs will review the results of evaluations. Typically such reviews arc ad hog;
commissioners and commission staff read evaluation reports and ask questions. One
approach to a more systematic review is for regulators to compare evaluation results to
utility short-term and long-term goals, estimates of the available conservation resource, and
results of similar programs operated by other utilities. As discussed earlier, using several
indices can make this task easier (Nadel 1991). :

Occasionally, when regulators are dissatisfied with utility evaluations, or when they want an
independent review of evaluation results, they may hire an evaluator to conduct such a study.
For example, the Wisconsin PSC has done this on a few occasions (Nichols et al. 1990).

Finally, regulators can use evaluation results to help guide cost-recovery determinations for
NSM programs, including recovery of program costs, lost revenues (reductions in revenuc
collection due to reduced kWh sales caused by DSM programs), and financial rewards for
successful implementation of DSM programs (Chapter 1). Evaluations arc gencrally the
source of program costs and savings estimates upon which cost recovery is based.

Typical intervenors in PUC proceedings include public interest groups, state consumer
counsels, and large industrial customers. Each of these parties will selectively choose
evaluation results that reinforce its own case. For example, in a recent proceeding before
the District of Columbia PSC, witnesses for the local consumer council, citing a recent review
of DSM-evaluation results, argued that Potomac Electric Power Company's proposed DSM
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programs had significantly lower participation rates and savings than the most successful
programs offered elsewhere in the country and that the utility should substantially increase
its targets for DSM savings. Witnesses for the utility, citing the same study, argued that
proposed programs had participation rates and savings near the industry average. and hence
its targets were reasonable. :n this case, use of evaluation findings allowed the different
parties 1o agree on the facts (the utility’s targets were near the average in the industry, and
not among the most ambitious) but to disagree on what actions to take. The agreement on
the facts made it easier for the PSC to make a decision in the case. The commission
encouraged the utility to exceed its proposed savings targets, but did not require it to do so
(District of Columbia PSC 1991).

Evaluation results can be used by other utilities, ESCOs, and state encrgy offices.
Unfortunately, obtaining cvaluation data from others is not always easy, because most
evaluation results are not widely distributed or publicized. Several compilations of
evaluation results have been published (Nadel 1990; Blevins and Miller 1989 and 1989b;
Northeast Region Demand-Side Management Data Exchange 1989; Keating and Hicks 1990;
Energy Program Evaluation Conference 1991). These publications can be useful but suffer
from limited availability (the Northeast Region Demand-Side Management Data Exchange
data are generally available only to members), limited coverage (only some programs are
included), missing data, and time lags between updates.

Internal vs. External Reporting

Because evaluations are used both internaily and externally, the question inevitably arises
whether internal results should be reported externally. A number of considerations affect
this determination. First, in many jurisdictions, once results are put in writing, cven in an
internal memorandum, regulators and intervenors can request the information during the
next regulatory proceeding for which the data are relevant.

Second. if information is withheld, such as disappointing resuits for a particular program, and
regulators discover it, the ramifications are likely to be far worse than if the results were
voluntarily reported in the first place. An open sharing of information with regulators is
likely 1o improve a utility's credibility, resulting in long-term benefits to the utility.

Based on these considerations, internal results should generally be reported externally. The
advantages of external reporting generally outweigh the disadvantages. Although most
results should be reported externally, they should first be reported internally, starting with
staff who worked on the program that was cvaluated and then proceeding to utility
management. Such a successive reporting strategy allows errors to be caught before results
receive wider distribution. Also, a successive review process allows cach reviewer to consider

staff and utility management are less likely to be defensive about evaluation
recommendations and are more likely to accept recommendations that make scnse.

Also. some information is particularly sensitive, with little to be gained by public reporting.
Information that falls into uﬁnwmmmmomﬂmpbymmm
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trade allies who made mistakes. Such information is of little concern to others, and by
publicizing the information, much animosity is generated that may cause more harm than
good. This type of information should generally be reported verbally only to those people
within the utility who can constructively use the information (McRae 1990).

CONCLUSIONS

A thorough evaluation requires collecting, analyzing and reporting a substantial amount of
data, including process, impact, and tracking information. This information should be
presented in a clear, well-organized manner, so that those who use the report can easily find
specific information. When information is reported, the meaning and derivation of ecach
data element should be clearly described (for example, that the savings reported are net
savings at the customer level, as determined with conditional demand analysis).

While much is known about how to report and use evaluation results, additional work still
needs be done. Some of the definitions for specific types of evaluation data are imprecisc
(e.g., program participant and eligible customer) and could benefit from standardization.
A recent study on terminology and reporting formats should help substantially in this regard
(Hirst and Sabo 1991).

When evaluation data are reported, they often appear in utility or consultant reports that
are not widely distributed. To make this data available to a wider audience, an index of
evaluation reports should be prepared and regularly updated. Logical organizaticns to
undertake such an effort include the national laboratories or EPRL Furthermore, existing
databases of evaluation results should be expanded to include more programs and data and
should be regularly updated. To address this need, Lawrence Berkeley Laboratory is
planning to develop and regularly update a database of DSM results (Association of DSM
Professionals 1991). In addition, Hirst (1990b) proposed that EIA collect and compile
annual data on individual DSM programs just as they presently collect annual data on
individual power plants. ELA has begun to collect limited data on utility DSM efforts, but
has yet to compile data on specific DSM programs.
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long-term temporal changes in total impacts. Note that the persistence of both total and net
impacts includes technical and operating characteristics. .

The net-program perspective requires that persistence be measured with an eye 1o what the
participants would have done in later years had there been no program. If nonparticipants
in the comparison group adopt encrgy-efficient practices and measures, this perspective in
effect reduces the value of the savings in later years. It reflects the probable actions ui the
participants had the program not existed. This concept 1s theoretically appealing, but the
results obtained with @ comparison group can be confounded by spill-over effects from the
program. In essence, nonparticipants may adopt program-recommended actions because of

the program even though they do not formaily participate in the program: see the discussion
of free drivers in Chapter 8.

[n considering total impacts, what others are doing is irrelevant as long as the measures in
the participants’ facilitics continue to perform over time as they did when first installed. The
key issues here are the technical performance of the DSM measures and the way that these
measures are operated and maintained. Thesc technical- and operating-performance
estimates are relative to the performance of the conventiona! measures replaced. Consider
a situation in which electricity use for a high-efficiency refrigerator increases by 5% after two
years because the householders did not clean the compressor coils. If the same increase in
electricity use would have occurred with a conventional refrigerator, no loss of savings is
associated with the high-efficiency unit.

Figure 10 illustrates the different perspectives for a residential retrofit program. [n this
example, the program'’s net impacts decline over time as the general population adopts
more-efficient measures and practices. From the "efficiency” perspective, some measures
deteriorate (e.g., deterioration of weatherstripping after five years, reducing savings unul it
is replaced in year nine). In either case, the amount of savings is the arca under the
respective curves. not the first-year savings continuing for 20 years.

Technology and behavior affect persistence. These two factors interact and are often
difficult 10 separate. Examples of technolegy failure include equipment malfunction,
breakdown, or loss of efficiency over time. Behavioral issues include removing measures,
failing to provide maintenance, or overriding controis. Technological and behavioral aspects
interact when measures, such as efficient lights, are removed because they were
inappropriately recommended and provide insufficient light or when the high-efficiency
technology does not produce the requisite comfort. For example, peopic may remove low-
flow showerheads if they do not like the "feel” of the shower they get with such units. [t is
also possible that a manufacturer could increase production as a result of having a more
efficient operation. This behavioral response is called takeback and will erode net program
impacts. Figure 11 illustrates the various threats to persistence discussed here.

Program ﬁ:mngcn should be concerned about the actual life of many commercial-sector

technologies (and some residential ones also, such as low-flow showerheads and compact
fluorescent lights). DSM-program planners often base estimates of measure lives on
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METHODOLOGIES AND ISSUES IN PRIOR RESEARCH

Limited research is available on the persistence of DSM savings, but horror stones abound:
power outages causing electric timeclocks that control water heaters to lose so many hours
that the heating elements are on at system peak: floor insulation being ripped out to fight
termites: or pipes freezing, cracking, and soaking the insulation in walls. CSM opponents
point to these occurrences as proof of the ineffectiveness of DSM measures. DSM
proponents argue that each of these glitches lost only a tiny amount of a diverse resource,
compared 1o a loss of 800 MW caused by a bad valve at a power plant. Both sides are nght.
Perfect persistence is an impossibility. However, the erosion of savings may be modest. A
key evaluation issue concerns how savings vary with time. A critical planning issue concerns
how to design programs so that their impacts are more persistent.

Two general approaches 1o research on persistence have been used:

L] The total-impact perspective is associated with the study of measures in place: follow-
up site visits or surveys to venfy contnued installation and proper functioning of
measures have been the emphasis in several studics.

u The net-impact perspective is associated with analysis of electricity-billing records of
participants and those of a comparison group of similar nonparticipants. This
approach may not work well for large C&I1 customers because a suitable comparison
group may not exist.

Studies of Measures in Place

Persistence of efficiency impacts may be tracked by verifying the continued presence and
proper operation of program-installed measures when the measures operate on a known and
unchanging schedule (e.g., motors on 24-hour operation. exit lighting, and street lighting),

nen there are few interactions with other energy-using systems or occupants, and where the
savings are well established (e.g., those of water-heater tank wraps or low-flow showerheads).

Surveying samples of participants is an inexpensive @pproach for tracking some measurcs.
Central Hudson Gas and Electric conducted a short-term study of persistence of WH
efficiency improvements. In its household surveys, between 87% and 94% of the measures
installed were reported to still be in place up to 29 months after installation (TechPlan
1990). The measures included tank wraps, low-flow showerheads, and pipe insulation.

A two-step survey process was used to study the persistence of residential lighting measures
in New England. In a process svaluation, participants reported the removal of 12% of the
high-efficiency compact fluorescent bulbs within seven months of their installation (Applied
Management Sciences, Inc. 1990b). A year later, NEES conducted follow-up site visits to
96 of these low-income homes. The company found that 25% of the bulbs had been
removed, representing 20% of the displaced wattage. Most occupants removed the bulbs
because they were dissatisfied with the quality, color, or quantity of light (Tolkin 1990). This
erosion of savings was caused by the interaction of behavior and technology. These results

93




do not necessarily mean that compact fluorescent lamps will always show a loss of savings;
the results may provide evidence of potential weaknesses in program design, measure
selecuon. or program delivery.

A more expensive two-part study was undertaken on buildings that participated in the BPA
Institutional Buildings Program in Washington State. A program cngineer visited 49 sites
(74 facilities) three years after the buildings were retrofitted (Kunkle 1990). The second
stage of the research was a telephone follow-up to the facilities one year later (Kunkle and
Johnson 1991). A major advantage of the follow-up was that it tracked what happened to
major systems when problems developed. In 27 facilities, there had been 41 problematic
measures, centering on controi systems, HVAC, and heat-recovery systems. Of the 12
problem control systems, five were disabled, three repaired, three replaced, and one was left
unrepaired. Of the 12 problem HVAC retrofits, three were disabled, four repaired, one
repiaced, and four continued to operate i A the poorly performing
systems were less than 25% of the sysiems installed (and only 5% of the lighting retrofits had
problems), significant erosion of savings occurred during the first six years after installation.

Studies of measures in place face limitations. Problems arise in quantifying and
extrapolating the effects on persistence when some measures are missing or when they
operate less than optimally. To illustrate, if the efficient motors examined during a site visit
are not being maintained properly, exactly what kWh impact shouid be inferred for these
motors? What should be inferred for other motors installed through the program but not
examined during the site visit? In addition, unless this type of verification is extended to a
sample of nonparticipants, the program savings may be underestimated because no account
would be taken of efficiency losses for standard equipment. Measuring persistence without
a comparison group implicitly assumes that standard equipment experiences no deterioration
in performance over time.

Analysis of Electricity-Consumption Data

Analysis of billing data is often associated with the net-effects perspective because it has
traditionally involved the use of comparison groups of eligible nonparticipants. This
approach is essential for attributing the changes in consumption to the program and for
separating these effects from those caused by other (nonprogram) factors. This approach
also adjusts for the effects of free riders.

This approach has been used in several studies of short-term persistence, but rarely to
examine persistence for more than a few years. BPA studied three retrofit-program cohor:s
(1981. 1985, and 1986) for three postparticipation years (Hirst et al, 1985; Keating and Hirst
1986; Haeri 1988; White and Brown 1990). The results were mixed. The savings for some
cohorts remained essentially constant, while the savings for others declined with time.

Analysis of data for three postparticipation years for participants in the Hood River
Conservation Project showed a complete loss of savings. But most of the erosion was caused
by the participants’ switching SH fuel from wood to electricity (Schoch-McDaniel 1990).
This finding demonstrates the importance of using a comparison group, which was not
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possible in Hood River, where 90% of the homes participated. lf a comparable group of
nonparticipants had been available for analysis, they might have shown the same pattern of
fuel switching because of the dramatically improved economic conditions in the Hood River
arca.

A paralle]l study of the persistence of the demand impacts (kW) of the Hood River
Conservation Project indicates that the effect on weekday and annual peaks did persist
extremely well for three years (White et al. 1991). These Hocd River results suggest that
the performance of the retrofit measures persisted largely unchanged; net savings declined
because of operating changes (primarily the shift from wood to electricity for heating),

In the commercial sector, a comparison group is essential to control for the frequent
fluctuations in building energy use. In particular, changes in business cycles can have large
effects on energy use (Keating and Oliver 1991).

Two long-term studies of persistence used billing data from participants and a comparison
group. Both invoived residential retrofit programs in the Pacific Northwest. one by Scattle
City Light (Sumi and Coates 1988) and one by BPA (Horowitz et al. 1991). Each followed
samples of participants and nonparticipants for six years, and both weather-adjusted
electricity consumption with PRISM (Fig. 12). Two results arc evident: the trend in energy
savings is downward, and the decline is erratic (ie., net savings vary from year to year). The
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average decline in savings for the last five years compared to the first year amounts to 7%
for the Seattle program and 21% for the BPA program. These studies indicate substantial
persistence, but alsc some erosion of savings. The eighties were characterized in the
Northwest by unprecedented electricity-price increases for the first half of the decads,
followed by declining real prices. Much of the erosion of savings was caused by reduced
consumption by the comparison groups, about 2000 kWh during the six years studied,
primarily because of electricity-price increases.

The reports from BPA and Seattle show that these data can be aggregated and analyz:d
many ways. For example, evaluators in Seattle were asked 10 provide a forecast of future
changes in electricity savings, not for any particular cohort, but in general. Therefore, their
report includes a weighted average savings for all cohorts for each year (i.c., the average
savings in 1983 for homes weatherized in 1981 and 1982: the average savings in 1984 for
homes weatherized in 1981, 1982, and 1983; and so forth). This practice reduces the year-
to-year fluctuations within cohorts and shows an average erosion of savings of 27% during

the six-year period (Sumi and Coates 1988).

These studies exemplify two problems with the use of billing analysis to study persistence:
attrition bias and the confounding effects of free riders and free drivers. Sample attrition
occurs when households move, billing data are lost, or nonparticipants become participants.
Attrition bias occurs if the remaining cases are systematically different than the cases that
were lost. The BPA participant and nonparticipant samples suffered an attrition rate of
55%. Six years after retrofit, they had only haif as meny cases with consumption data as
they did one year after retrofit for that cohort. Because the first-year savings for the group
with six years of postprogram data was much smaller than that for the original sample,
attrition bias was apparent. The study used survey data to correct for the smail portion of
the bias that could be quantified.

The Seattle study, on the other hand. shows how to avoid artrition bias :n a longitudinal
study. Seattle reported only 109 sample autrition because Sumi and Coates (1988) used a
retrospective approach. That is, they started their research in 1987 and sclected their
samples of participants and nonparticipants from among those for whom they had
continuous billing records back to the year before program participation for the participants
and to 1980 for the nonparticipants. This meant that all the people who moved or jouned
the program late were aiready excluded. Because this study examined the same households
for the entire period, the results are not affected by attrition bias. On the other hand, the
samples of customers that Sumi and Coates were left with were special groups and were
surely not representative of all customers. Their approach, however, should be considered
where possible.

Controlling for free riders and free drivers in persistence research from the net-program
perspective is daunting (Chapter 8). The effect of free riders on net Program savings is
usually accounted for by the use of a comparison group to estimate what the behavior of the
participants would have been without the program. However, what if the companson group
takes action because of the program? This behavior, a spillover effect of the program. is
called a free-driver effect.

96




participants, chose to participate in the program. Nevertheless, sample attrition and attrition
bias will remain. particularly in the commercial sector.

An, as-yet untried alternative is an econometric approach. A dynamic econometric model
that defines the relationships among electricity use and electricity prices, measurss of
economic activity, and program participation could be developed. This model could then
be used to predict what consumption would be in future years if energy efficiency were held
constant and the actual values of electricity prices and other explanatory variables were
entered into the model. If the consumption observed in the out-year was higher than
predicted, then the efficiency effects could be said to be eroding, and the effect could be
quantified.

Finally, many projects that are in idiosyncratic settings (¢.g., industrial-process retrofits) will
have to be studied on a case-by-case basis 10 measure persisterce. In these situations, the
evaluation may involve more than measurement. It may form a parnership wiih
maintenance and monitoring functions so that persistence problems found in the evaluation
provide feedback to the maintenance staff.

CURRENT AND PLANNED RESEARCH

Several persistence studies are under way or in the planning stage. The California Energy
Commission sponsored a workshop in early 1991 to review ways to study the issue state-wide.
The BPA study (Skumatz et al. 1991) reviewed above is the first step in a major study ot
persistence in the commercial sector. It is limited to studying only one threat to persistence,
the removal of measures caused by remodellings, renovations, and business changes. If
energy-using systems (such as lighting, HVAC, and motors) are frequently removed, the
expected lives for efficiency measures will be much less than their physical lives. Further
research will be done to deterraine the extent of maintenance failures. measure failures. and
the impontance of consumer training. In general, the amount of research devoted to
persistence is expected to grow. EPRI (Hanser 1991) zad the New York State Program
Evaluation Task Force (Cummings 1991) each have made persistence a high pnionry.

PROGRAM IMPLICATIONS AND CONCLUSIONS

Concerns about persistence should affect programs in both planning and implementing cost-
effective programs. Evidence continues to accumulate that program planners have generally
overestimated savings (Nadel and Keating 1991), Empirical research raises questions about
the validity of using manufacturers’ claims for physical measure lives as a basis for projecting
persistence. Planners need to become more conservative in estimating the effective life of
program-induced savings.

If managers want long-term effects, they need to be concerned about the longevity of the
results. One approach is to focus program resources on new construction. remodelling, and
rencvations. This approach allows utilities to pay a lower incentive based on the incremental
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cost of the efficiency improvement (rather than the total cost. which might be paid for a

retrofit). It also installs DSM measures when the length of time t0 the next remodelling 15
the longest.

A second suggestion is to make sure that the installed equipment is commissioned properly
_ that controls work, that systems work together rather than out of synchronization, that ais
flows are balanced, that the measures provide the desired amenity level, and that the
occupants know how to operate the measures properly. This will reduce the likelihood that
occupants will override control systems, remove measures, drop out of the program, or "bad
mouth” the program to other potential participants.

A third approach is to previde continuing education and maintenance. Many times when
occupancy or staff change, the ncw people do not know how to deal with the efficiency
measures and may ignore their potential to save energy (Komor et al. 1989). Follow-up can
be accomplished by making mainienance contracts a part of the measure package, by
flagging vulnerable technologies for yeariy follow-ups, and by providing gencral education
for building owners and maintenance WOTkers. Performance contracts for third-party
measure installations that base payments on savings over time can be effective for some
classes of buildings and measures, but it can be expensive, and it removes the customer
contact from the utility. Nevertheless, it is potentially effective for targeted segments of the
DSM market or as an interim approach until the utility can establish its own cxpertise.

Persistence is a genuine problem of undetermined scope. Its effects on cost-cffectiveness,

program planning, and resource reliability are clear. It is now time to address persistence
in earnest.




USE OF LOAD RESEARCH
IN EVALUATION

George Fitzpatrick

INTRODUCTION

Load research is the collection of electricity-usage dac through a metering device associated
with an end use. a circuit. or a building. The goal of this activity is 10 produce cost-effective,
staustically sound. detailed databases for resource planning, evaluation. anc rate-design
studies.

Load research has been employed by electric utilities since the 1960s to better undersiand
the characteristics of electric loads, the timing of their use, and the amount of electnicity
consumed by users. During the 1970s, load-research activities expanded as the needs for the
data increased beyond those for traditional cost-of-service studies. As early as 1976, load-
research information had become a direct input into at Jeast one utility's load forecast (New
York Power Pool and the Empire State Electric Energy Rescarch Corperation 1976). Even
earlier. class load research had been employed in the construction of weather-normalized
class-by-class system peaks (Long Island Lighting Company 1972). The enactment of the
Public Utility Regulatory Policies Act of 1978 spurred utilities to make additional
investments and kept manufacturers of load-research equipment and consultants busy
meeting the demand for load data.

There are two generic types of load-research information. Direct load-rescarch informauon
s the measured class or end-use demand (kW), ene.gy (kWh), or reactive power (kvar).
The sampling, collection, editing, and analysis of these measurements are the primary
activities of direct load research.

Indirect or corroborative load ressarch is the data that the load researcher usecs (0 explain
and understand direct load-research measurcments. These data include appliance-saturation
data, demographics, DSM-process-evaluation data, weather data, equipment-nameplate data,
audit data, etc.

Load research is expensive. Therefore, care must be used in starting or expanding such
efforts. The design and conduct of a load-research program requires knowiedge of rescarch
objectives, sample designs, and common load-research needs across DSM programis.
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requirements well in advance of when load research begins. Load-research planners find it
useful to have evaiuators develop a timeline showing when different types of data are
required. With this information. the load-research planner can anticipate purchasing and
installation requirements. For example, if a DSM program has as its focus summer-peak
reduction, then evaluation plans must be finalized by December of the previous year.
Knowledge of the evaluation cycle of programs that require load research is essenual for
competent planning.

Sample Design

Sampie design was discussed in Chapter 3. But an important distinction must be drawn
berween a load-research sample and a sample to be used for evaluation. In the case of the
load-research sample, the rescarcher is interested in predicting the time-varying load or class
of loads. For example, the goal might be to predict the diversified demand ot air
conditioners with a 95% accuracy. If the average air conditioner load is 3.25 kW and the
average duty cycle at the 3:00 PM peak is 0.6, then the average predicted load would be
1.95 kW. and the sample size would be chosen to make this accurate to +0.09 kW.

In contrast to the lcad researcher, the evaluator usually is interested in the change in load.
Thus, if the program manager’s goal is o reduce AC load by an average of 10%, then the
sample chosen has to be large enough to predict an average reduction of 0,195 kW with an
accuracy of +0.009 kW, assuming the estimate is to be accurate within 5%.

A second difference between a load-research sample and an evaluation sampie concerns
external validity (see Chapter 2). The load researcher may only be interested in the
behavior of a class of customers, such as users of central AC. The evaluator is likely to be
interested in understanding the air-conditioner usage patterns of subgroups of air conditioner
customers or in generalizing the results (extemal validity) to a larger group of customers.
Thus. a simple random sample of air-conditioner users may not be suificient for an evaluator
who needs to have the sample of air-conditioner users stratified by key vanables, such as
total monthly energy consumption, business type, size of business, household income, size
of household, type of structure, size of structure, or air-conditioner sizing.

Billing, load-research, and survey data can be used to help identify appropriate sample sizes.
For example, if the target for a load-control program is customers with central AC who use
more than 1500 kWh/month in the summer, sample-size requirements can be estimated for
certain cycling strategies with estimated diversified demand curves developed from load-
research data. End-use data are invaluable for developing baseline information for all DSM
programs.

A key challenge is to develop an overall plan that intcgraics samples at as many points as
possible to achieve the most economical pattern of metering. Sample designs can be
developed by creating new samples or enhancing existing samples. For cxample, a utility’s
in-place class load-research program might be modified and/or increased in size to aliow for




more channels to an existing recorder, or adding households to the sample. This strategy
optimizes the use of available equipment and takes advantage of other data collected from
load-research customers.

Some imponant cautions about this approach shouid be noted. First, the integrity of the
load-research sample must be maintained while providing an adequate evaluation sample.
Existing load-survey customers may have an unmetered load available, but their customer
profile may not fit the sample design requirements, thus leading to bias. Upgrading the
metering and acquiring additional information from the customer may require further
intrusions upon customers’ time and privacy, causing customers to drop out. Thus, gains in
economy may be offset by the nezd to deal with sample bias.

Sample Sclection and Validation

Sample sclection is the translation of a complex sample design into a pracucal set of
activities leading to the installation of metering devices. This acuty has several outputs:

a The primary samples (lists of customers to be contacted) for all programs
L Multiple backup samples for all programs

(] Primary and alternate customer lists for meter installations

= In some cases, customer lists for personal or mail surveys

The responsibility for control of the sample should be clearly specified and should be known
to all program participants. Any question or problem regarding a sample should be referred
to that person.

A customer chosen to be in a sample may have to be dropped for any of several reasons:
a difficult or impossible installation, no telephone line accessible from the metenng point.
a customer's refusal to participate, or a customer nut having the appliance of interest.

The randomness of a sample must be ensured when a customer must be replaced. Installers
tend to want to complete an "easy” or "next-door” replacement instailation rather than to
comp!ete an installation that preserves the statistical integrity of the sample. The sample-
design coordinator should keep a backup selection file and should specify any replacements
on a customer-by-customer basis until the full sample is completed.

The problem of sample replacement is even more acute in the case of a stratified sample.
Purists may argue that random replacement within a stratun is sufficient, while pragmatsts
may argue that the replacement sample point should have characteristics that are as close
as possible 1o those of the sample customer being removed. The following method may
satisfy both perspectives:
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L] When drawing the initial sample, draw ten separatc samples, each with the same
number of respondents as specified in the original design.

= With the original-sample design parameter(s), validate each sample by comparing
means and SDs.

u Select the best “fit" sample, by stratum, as the installation sample.

[ Take the remaining samples that fall within acceptable confidence limits (e.g., 9%
10 90%) and combine these samples into a master backup list maintaining the
stratification and the design criteria (e.g., where the design criterion is peak-month
billed kW, segment the "master backup” by both stratum and 10-kW increments).

© When replacing sample points. randomly draw from the master backup sample from
within the appropnate design segment.

This method ensures that the overall central tendency, variance. and distributional shape are
closely maintained over the course of the load-research experiment. A variation on this
concept that provides even greater fidelity to the criginal design entails the use of appliance
survey data 1o develop a replacement matrix. This method provides greater matching
precision while maintaining statistical integrity.

Recorder Selection

Equipment selection is driven by a number of criteria. These criteria may include the type
of measurements to be made (e.g., whole-building versus end-use data), the frequency with
which measurements must be made, and the future uses of the equipment.

Whole-building meters can be placed in an existing standard watt-hour socket. These
devices provide both billing and load-research data. These meters can be read by a
handheld recorder, a handheld device aimed at the meter while driving by, or a modem.
These meters can contain logic and sufficient memory to stor. many days of readings taken
at intervals ranging from a minute to weeks.

Multichannel end-use meters are usually installed independent of the billing meter. They
are capable of taking data from 2, 4, 8, or 16 channels, Transponders at the metering points
may be hard-wired 10 the recorder or may communicate with the recorder with some form
of power-line carrier end the building wiring. The recorder usually contains sufficient
memory to store up to several days of data taken at intervals of one minute to several hours.
The data stored in the recorder is usually captured by the use of a handheld recorder, a
modem that cails a master station periodically over the customer’s telephone lines, or a
modem connected to a leased phone line.

Which of these options to use depends on the trade-offs between data requirements; capital
costs: installation costs; operational costs (such as the use of a meter reader, the customer’s
phone line, or & leased line), analysis costs: and restoration costs to the cusiomer’s premises.
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For example, using a power-line carrier may have lower installation and restoration costs
than hard-wiring transponders. bu it will likely have higher capital costs, Whole-building
metenng is generally less costly than multichannel metering but may require more sample
Points to obtain the same accuracy.

An important issue s the coordination of master-station software with recorder selection,
Most utilities now have inventories of recorders from different vendors. Different vendors
use different communication protocols, If the vendor for the master-station software s
different from that of the recorder, then the master-station software supplier shouid
‘ommunicate with the recorder supplier about appropriate modifications to the software.
The products of some independent suppliers of master-station software can communicate
with a variety of recorders, thereby integrating recorders from different vendors into a
coherent system,

If software is 10 be developed (or modified) in-house, then early communication with the
recorder supplier will facilitate development. Early attention to this detail may suggest some
€asy modifications to recorder Gutput data or data formats to meet Partcular in-house
analysis requirements,

Care in recorder selecuon can produce significang savings for the load-research program.
A common problem is the mismatch between current meter inventory and the requirements
for the next load-research experiment. Plans for the purchase of new equipment should
allow future experiment cycles to use equipment and installation and removal labor
cfficiently.

Meter Quality Controj and Quality Assurance

Meter problems have severa potential sources, including metering equipment that is faulty
upon arrrval from the factory, equipment that js ; installed, faulty record keeping
(for exampie, misrecording information about the location of @ meter or channel

The utlity should establish a test bench and test all metering equipment supplied by
manufacturers. All of the cquipment to be used at a site should be tested together, The
site-specific settings should be made and tested while the €quipment is on the test bench.
Appropnate labels (barcodes) shouid be artached to the individual devices., For exampie,




the channels should be preset, and the devices should be labeled. A standard protocol
should be used for assigning channels to end-uses. This practice will help reduce errors.
minimize problems in the field, and aid trouble shooting. Everything should be double-
checked and recorded, and then the equipment should be boxed for transport to the site.

Equipment performance should be monitored constantly. Each new installation should be
polled as soon as is praciical after installation, and the resulting data should be checked to
see if the unit is functioning properly. Most master-station data-collection software
interrogates metering devices and reports power outages, malfunctioning transponders, or
high rates of communication errors. These reports should be reviewed every time the
meters are polled. Range checks should be performed on the data. The data should also
be reviewed to identify channels where values are always "0" or where values are valid but
constant. Every instance of invalid data or suspected equipment malfunction should be
foliowed up 10 identify and catalog the causes, Equipment performance should be discussed
frequently with the field siaff and their supervisors. These procedures can lead to the
detection and correction of manufacturing and installation problems before significant data
loss occurs.

The rescarcher has to sesk the assistance of the most qualified ficld installers and meter-
maintenance personnel. The metering and billing departments should be involved in
decisions about metering devices and the planning of metering operations. Without such
consultation, the priorities of field personnel are likely to be set by other organizations, and
the quality of load-research data will suffer. Regular meetings should be held with field
personnel to review equipment performance and to reinforce their understanding of the
importance of the load-research program to the utility.

Meter Placement and Replacement

Meter placement and replacement are continuous activities, but periods of intense effort
occur at the beginning and end of each research cycle. Proper staffing and cffective
planning can minimize the cost of this activity. Predefined placement and replaccment
procedures ensure consistency and efficient installation while maintaining the overall
statistical quality of the experiment.

The resource requirements for meter placement depend on the type of metering equipment.
the familiarity of the field staff with the equipment, the capability of staff to do maintenance
and repair, and the type of communications. The meters for a sample cannot be placed
overnight. Mobilization of the necessary staff must be well planned. If hard-wiring is

of this. Centractual arrangements must be in place to ensure the availability of the premiscs
for a timely installation (even though descriptive information may have been given to the
customers and an authorization for the installation was obtained). Contractual instruments
10 be used with customers should be kept simple. Good customer relations dictate the
inclusion of an offer to correct any complaint or to remove the installation if the customer
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so desires. Resolution of complaints should be handled by the uulity rather than by a
contractor.

Spare equipment must be on hand and in good repair ‘o permit efficient and timely
replacement of malfunctioning units. The data-collection software should be able to
document any unusual equipment outages (e.g., during replacement) and the reinitialized
values of any data stored in the accumulators of the replacement meters.

Installers should treat customers’ premises with care. The customers’ premises must be
restored to their initial condition upon completion of the program. Lack of attention to this
detail can irreparably damage relations with customers. Arrangements with contractors
should explicitly include restoration of customer premises, and an inspection of the final
result should be conducted, preferably with the customer ir attendance. Removal of
equipment requires as much attention as does installation.

Installation Record Keeping

Keeping installation records is a very imponant but often overlooked aspect of load
research. Many a utlity has had to send someone to each installation to retrieve a vital
piece of information needed by analysts or to determine if any of the equipment at the site
is of a type recalled by a vendor. Many crews have spent hours trying to locate a piece of
equipment that was “in there.," More than one program manager has wondered if a
particular set of failures is specific to a particular model or lot of equipment.

These examples illustrate the need for a meter-installation tracking system. Such a system
needs to include the model, lot number, and serial number for each piece of equipwent and
its utility identification number. Having similar information about component parts is also
useful. The settings for each piece of equipment should be recorded as should installation
information. such as date installed, date serviced, reason for service, anc name of installer.

Installers should make a map of the location of each device installed at each location.
Alternatively, the installers may photograph the instcllation and surrounding area with
identifiable features. This map or photo will help to locate a device when it is to be
maintained or retrieved. Maps and photographs can be scanned into a database so that the
information can be maintained and viewed electronically.

Meter Operation and Maintenance Activities

The level of company involvement in maintenance will depend on the particular operation
and maintenance capabilities of the meter-maintenance siaff and the type of equipment to
be used. Diagnosis and/or repair of logic circuits should not be left to the company
computer hacker. If the load-research program is experiencing equipment problems, the
program director may want to meet with the maintenance staff and the supplicr 10 ensurc
that equipment is checked upon installation and that any limitations on in-house
maintenance are idenufied. Contracting with the supplier 10 maintain equipment may be
required. and if so. the supplier's ability to provide timely and adequate scrvices or




replacements should be checked. A storage room full of equipment waiting to be repaired
is not only an inefficient use of capital but potentially a problem affecting the quality of data
provided by a load-research program. Maintenance of communication equipment may be
entirely separate and may not be covered by arrangements for metering-equipment
maintenance. A warranty may not be a suitable substitute for equipment repair if the
program must be slipped a year while awaiting warranty resolution of equipment problems.

Data Collection

Data collection may be accomplished in several ways. Onsite collection and remote polling
with the ielephone are the most popular methods. The selection of the most appropriate
medium involves assessing the trade-offs among cost, reliability, and program requirements.
It is also a function of the geography and the rural/suburban/urban mix of the population.

Onsite data collection typically is done by using a hand-held microcomputer interfaced to
a recording device through an optical port. Onsite data collection has a number of
advantages, including eliminaung coordination problems with the telephone company, the
opporunity to visually inspect the recorder site and surroundings at the time of data
collection, and sophisticated technology to permit error-free data collection.

Recent breakthroughs in hand-held microcomputer technology have cnnanced the
attractiveness of this method. Some units use standard microcomputer operating systems
and literally guide the meter reader through the data-collection process. Incorrect
identification numbers, incorrect visual meter readings, and incorrect "time in” and "time out”
observations are eliminated. Further, the ruggedness of these devices ensures safc storage
and transport of data to the utility’s computing system and master file. The main drawback
is the cost of dedicated employees. However, given proper planning and the relative case
of the data collection, this operation can be performed part time by meter personnel or by
dedicated full-time employees adhering to a flexible data-collection schedule. Load-esearch
recording devices and the portable data-collection equipment now have sufficient memory
capacity to ensure that data will not be lost if collection schedules are not strictly followed.

Telephone data-collection methods are probably most cost-effective in unusual situations,
such as distant or dangerous locations. Telephone polling permits frequent communication
with metering devices and presents opportunities to reduce data losses. Unfortunately, many
companies do not take advantage of this feature because they do not screen the data
obtained from load-research programs in a timely fashion.

Load-research equipment typically features redundant data-collection methods. For
example, units with telephone modems may contain optical ports for manual data collection.
Data-collection costs vary depending upon the method selected. Telephone meter reading
costs approximately $300 per recorder per year, while onsite manual readings through optical
ports will cost about 50% more. However, cost is clearly not the only consideration. and
given the cost of lost load-research data, reliability and redundancy should be equally
stressed.
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Data Editing and Validation

Data editing is divided into two types. Housekeeping editing is the minor editing that
involves adjusting start and stop times: summation of total kWh consumption over the
appropriate period: and correction of improper IDs. meter multipliers, etc. Load-data

editing involves identfying and replacing missing or bad data and correcting data for
outages.

Editing involves a combination of human expertise and efficient software. Depending on the
storage algorithm, as mych as 3.5 megabyt=s of data can be produced per day by 200 four-
channel recorders recording data at 3-minuie intervals. These data cannot possibly be
visually inspected. Thus, software must be used to evaluate data quality.

Sometimes. load-research data collected for 3 DSM evaluation is also used for customer
hilling. This creates special problems for the load-research editing function because two sels
»f data for the same customer. one for billing and one for the evaluator, must be developed.
The billing application requires rapid turnaround of edited data, so the procedures for
modification or replacement of missing or damaged data must be formalized.

Validation of load data is an audit funcuon that ensures that the data entering the master
file is consistent with data that has gone before. Validation is an important aspect of data
collection and sets the stage for any editing that may occur.

Since the introduction of solid state electronic |oad-research recording devices, the incidence
of data loss has dropped dramatically. During the days of magnetic tape recorders, typical
month-to-month data loss was 10% to 15%. With the maturation of electronic devices,
typical data loss may average 39 or less. However, even minimal data losses can be critical
for stratified samples. Therefore. the utility should develop decision rules for editing data.
Where sufficient sample sizes exist and the samples have been meticulousiy maintained to
preserve the onginal objective of the sample design, minimal editing may be the best course
of action. However, if extensive cditing is required, automated data editing systems are
available to aid the process.

How to handle data if an outage occurs at a customer site has always been subject 10
differences of opinion. There are three basic approaches. The first is to simply insert zeros
in the appropriate time slots. The second method is 10 remove the record from the analysis
for the outage period. The third is 10 construct a hypothetical record for the outage period.
While some may argue that outages are a normal part of a utility's business, it is probably
better to recognize that every sample customer hundreds, perhaps thousands, of
fellow customers and that the outage is not indicative of what is occurring on the system.
Further. if the evaluator is interested in the impact of & device, such as an efficient air
-onditioner. then representing the data with zeros does not help to meet this objective. The
best course appears 10 be to simulate the data or 10 remove that part of the case from the
analysis.
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Outages not only influence data for the period of the outage but also for a period following
the outage. An early-morning outage might caase an electric water heater to run for an
extended period during the late morning. Thus, it may be necessary 10 modify or remove
data beyond the period during which the outage occurred.

Data Analysis
Both primary and secondary load-research data are required by DSM evaluations. Taken

together, these data form the basis for drawing conclusions from the impact and process
evaluation (Fig. 13). Here we mention a few considerations not covered in Chapter 4.
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minute load data collected at 14 homes. The air conditioners in these homes

mmphmdhhulm-rithhﬁh-mm These replacements cut
peak demand by 38%.

Load-research programs often founder because of the failure to anticipate the requirements
of data management. An active load-research activity can produce enormous quantties of
data. It is not unheard of for data to be "lost on some tape,” or for some preprocessing to
be done several timuhcumanﬂymdnnmhmwhuprepmwninghubmndm
previously, or for data to be lost because it is not adequately protected.

Every load-research activity should have a data-management plan. In addition to identifying
how data are mbcmﬂdaud.suchaplm:hnﬂdidmﬂfflnwmedlmmmbﬂinmluy
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processed, whether they are to be stored by sampie identification number or end-use or
both, what quantities of data are to be stored, where they are to be stored, how files are to
be named, how they are to be backed up, and any special requirements for securing access.
A data dictionary should also be established. Finally, a data-management plan should
identify the types of analysis that are to be conducted and the schedule for those analyses.

Data files and analyses should be tracked in a special database. The database should tell
the location of the data, when it was collected, when it was processed. and how it was
processed.

Analvsis of load-research data typically takes a significant amount of machine time. For
example, it can take a half hour or more to process a hundred thousand records on a fast
minicomputer. The analyst will probably want to work with test sampies to develop and test
software before processing the entire set of records. Microcomputers and workstations can
speed this work because of their friendly interfaces and the fact that they are dedicated
machines. Sore uuiities now use microcomputers almost exciusively for this work. and
specialized software packages are available for such machines.

Samples should be monitored to see how they change over time. Commercial firms add and
release personnel, people take new jobs, household occupancy changes, and each of these
factors affects energy use. Because metering samples generally are small, a few such
changes may affect the character of the sample or stratum significantly, thereby influencing
the gencralizability of the data. For example, the estimated effects of a load-control
program may be misleading if a local company adds a second shift and many persons in the
sample change from day shift to night shift.

The analyst can take several actions to detect such changes. Billing data totals can be
compared. If more than a year’s monitoring data are available, the analysi can compare
consumption data between years and relate the observations to any expected changes from
the program. A follow-up survey of customers can reveal whether changes have taken place.
If changes have occurred, restratifying the data may be necessary for meaningful analysis.
The researcher should be prepared to evaluate 2] data for consistency before completing

an analysis. Control groups must also be monitored for changes.

THE COST OF LOAD RESEARCH

Estimating the true cost of a load-research sample point is difficult. Economies of scale
generally apply but may be lost as the size of a program changes and the use of "lumpy”
resources, such as people and computers, changes. Metenng costs can vary significantly
depending on the number of end uses monitored at a sample location. local communications,
and the difficulties of hard-wiring transponders. The first end-use point at a location is often
costly, but the incremental costs for additional end-use points are less. Shared icsources
(e.g., programmers and field maintenance staff) may help mitigate the costs, but the
effectiveness of this strategy depends on the availability of expertise and the disposition
toward cooperative efforts within any particular company.

12




Tables 21 and 22 provide cost estimates for a range of customer sample sizes. These
estimates contain assumptions about the number of end-use sample points per customer,
which will vary from program to program and which can significantly affect metening costs.
Also, a utility may engage a contractor as a way of trading off staffing and internal
processing costs, particularly when smaller samples are involved.

Training costs have not been included. They may be significant for a small program but may
be muigated by the use of contractors, especially if the program is to begin small and grow.

Table 21. ﬁmpdamundmm;:uninTahhH

Meters __Points monitored Installed
Total 'End-use meter cost

Meter configuration load points (1991 dollars)

Residenual 2 2.300

Commercial 1 2 3,700

Industnal 1 3 5,000

Annual charge rate 22.0%
Annual salarics 1991

Staff classification Annual cost

Manager . 40,000

Data editor 20,000

Analyst 27,000

Programmer 30,000

Field swaff 26.000

Maintenance staff 26,000

Overhead loading rate 30.0%

Annual salary escalation 45%
Ceatral equipment and facilitics

Type Cost

PCs, printers, etc., cach 6,000

Vehicles, each 14,000

Communication equipment, per rmeter 30

Minicomputer Estimated

Supplics Estimated

Purchased software Estimated

Annual charge rate 200%
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Table 22 Wm(lﬁlm)u-fumﬁmufmwm

Sample size (meters): 150 450 750 S00
Program size description
Meters
Residential 100 300 00 1.000
Commercial 0 100 150 300
Industrial 20 50 100 200
Staff (prorated for shared staff)
Manager 03 Lo 1.0 1.0
Data editor 1.0 20 20 10
Analyst 1.0 20 30 40
Programmer 0s 1.0 0 .
Field staff 1.0 3 35 5.0
Maintenance staff 0.4 1.3 25 40
Equipment
PCs 20 4.0 6.0 30
Minicomputer 0.0 0.0 1.0 1.0
Vehicles L0 0 30 50
Summary of first costs, dollars
Meters 441,000 1,310,000 2.205,000 4,410,000
PCs 12,000 24,000 36,000 48,000
Minicomputer 0 0 70.000 70,000
Vehicles 14,000 28,000 42,000 70,000
Communication equipment 4,500 13,500 22500 45,000
Purchased software (capitalized) 40,000 40,000 70,000 100,000
Total first cost 511,500 1,415,500 2,445,500 4,743,000
First cost per meter 3410 3,148 1261 3,162
Annual costs (1991 dollars)
Salanies including overhead 153520 348,400 490,100 672100
Supplies. telephone (estimated) 1,000 2,500 5,000 #.000
Office space 5720 13,000 18.200 25350
Present valoe of costs (20 years @ 11.5% discoust raie)
Metens 748,206 1221969 3,740,032 7,480,063
PG 18504 37,007 55511 74014
Minicomputer 0 0 107,937 107,937
Vehicies 21587 43,175 64,762 107.937
Communicztion equipment 6,939 20817 34,604 9,388
Purchased software 61679 61679 107,937 154,196
Salarics including overhead 1597648 1616298 5,087,106 6,976,217
Supplies. tclephone 10,021 25033 50,106 80,170
Gifice space 511 130,276 182,386 254,037
Total present value 2,521,705 6,156.273 9430472 15303961
Present value per meter 16811 13,681 12.574 10203
Levelized total anaual costs, dollars
Annual cost per meter 2161 1,774 1,631 138
Annual cost per sample potnt 696 570 521 a2
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ORGANIZING LOAD-RESEARCH PROGRAMS

The success of a load-research program in meeting the nceds of DSM evaiuation depends
upon the effectiveness of communication between cvaluators and load-research program
managers. Many utilities already have a load-research section, often located in the rate
department. Utilities that are just undertaking or expanding their load-research activities
often have a concern about where the load-research function should be located.

Two strategies are possible. One is to have a load-research steering committee. This
approach often is used for a mature load-research organization. The load-research steenng
committee meets monthly or quarterly. This committee is compriszd of representatives from
the traditional areas of load-research use within the utility (e.g., rates, distribution
engineering, forecasting, and cost of service) as well as representatives from the residential,
commercial. industrial. and agricultural DSM-evaluation efforts. Members present their
needs for load research to the committee. The load-research staff analyzes these nceds and
designs studics to meet as many of the needs as possible. Some needs may be met without
load research or by using other types of analysis, such as conditional-demand analysis.
Formalization of the committee within the utlity structure places the proper emphasis on
the importance of such optimizing procedures.

An alternative approach is to make load research part of the DSM-evaluation function. This
strategy is appropriate for utilities that are instituting or expanding small load-research
programs. This organizational choice is appropriate for a number of efficiency and cost
reasons. Many of the skills required of load-research personnel, including statistics,
cconometrics, sample-design expertise, and eugincering analysis, are aiso required of
evaluation personniel. Load-research personnel are constantly called upon to meet the data
requests of evaluators. Direct organizational responsibility is advantageous in ensuring a
timely response.

APPLICATIONS OF LOAD RESEARCH TO EVALUATIONS

From a load-research perspective, DSM programs fall into five basic vanctics: load-control
programs; direct installation and rebate programs; iaformational programs, including audits;
time-of-use rate programs; and interruptible-rate programs. The value of load research
varies according to the program being evaluated. The extent to which load research is used
shoddbeahncﬂaunfﬂwuﬂmmdhvﬂnfmmnummmedfmmﬂ
pani:ula:pmmmnndummmwwhi:hmm;mmhuﬂmpammhcaw

through load research or some other less costly approach (Long Island Lighting Company
1991: Rochester Gas & Electric 1991).

For load-control programs, load research is the most effective way to assess the impact of
contro! strategies and to measure program free ridership (Exhibit 9). The size of sampies
is dependent upon the extent to which the use of a particular appliance or end-use is
discretionary and the type of load-control strategy empioyed. For example, the effect of load
control on pool pumps can be reliably determined with a small number of monitoring
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Exhibit 9. Load-costrol programs oftcn
require load-rescarch data for svaluation

PG&E evaluated its residential air-conditioner-control program with meters that recorded air-
conditioner electricitv use every 30 minutes for a sample of about 200 parucipants (Maicolm
1989). These load-research data were collected for control days (when the units were turned
off from 2 pm until 6 pm) and for noncontrol days (Fig. 14). Noncontrol days were chosen for
their similarity to control days on the basis of outdoor temperatures. These data show a
substantial reduction in demand at the time of PG&E's system peak. 4 pm.

Ar:;rmiunmndelwudevniupedmuﬂnﬂhdmdmﬂuuutrumionnfnuw
temperature and the activation of controls (MacDonald 1987). The net reduction depends
strongly on outdoor temperatures (Fig. 15) because of two factors. First. the fraction of free
riders ( households participating in the program that do not have their air conditioners on at
the time of control) decreases with increasing temperature. Second. the air conditioner duty
cycle (percentage of time the units are on) increases with outdoor temperature. These results
indicate that the program should be offered only to customers who use more than 600
kWh/month in the summer 1o reduce the incidence of free riders. and it should be cispatched
only at temperatures above 100°F.

AIR-CONDITIONER LOAD (kW/houss)

COMPARISON |
DAY

1

o8l

0.6+

0.4

0.2

HOUR OF THE DAY

Fig. 14. Emﬁqdmﬂhﬁduﬁﬁﬂmmﬂdmudmmd
days. mmmummwwﬁxmmmz
to 6 pm.
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Exhibit 9 (Continued)
LOAD REDUCTION (kW/housas) FREE-RIDER FRACTION
$ . FREE ___ LOAD !
RIDER FRACTION REDUCTION J
| 0.8

-
X .
-
= -

-
-
-
-
-

S0 95 100 108
OUTDOOR TEMPERATURE (F)

Fig. 15, The Ioad relief achieved by PG&E’s residential air-conditioner-controf
Program increases with outdoor temperature.

Direct-installation Programs (e.g., retrofits) and residential and C&1 rebate programs (e.g.,
for light bulbs, refrigerators, or water heaters) have been usc 4 for a wide range of appliances
and end-uses, The use of load research 1o measure these program impacts has been thought
to be cost-prohibitive, Further, direct joad resecarch has limjted applicability for assessing

and television to curtaj] load or cut back on ENErgy use to customer audits that provide
specific measure fecommendations. Load research generally is not a viable measurement
tool for informarion programs,

Residential and C&| time-of-use rate programs are excellent candidates for load-research-
based evaluation, Load-research data are usually already available for C&] customers.
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Load-curtailment programs have great potential to achieve significant peak reductions.
Billing analysis is of little use in eyaluating such programs unless it is accompanied by direct
load-research data. While company-specific load rescarch is usually preferable. borrowed
data can be used in concert with billing analysis to estimate load-curtailment impacts in some
instances. This information, coupled with weather 2ad survey data, can be used to develop
load-impact estimates for the customer. class, building type, and total.

JOINT UTILITY END-USE MONITORING

The decision to institute end-use monitoring to support DSM or other utility activities is a
difficult one. Collecting end-use load data faces many barriers: cost, obtaining customer
cooperation, the size of samples, and the many end-uses 10 monitor.

For these and other reasons, utilities sometimes hesitate to undertake end-use load
monitoring on their own. As DSM programs become larger, some utilities will investgate
alternative concepts for economically collecting end-use joad data. One of these approaches
is the joint ntility project.

Joint utility projects can cut the costs of end-use monitoring. The mzjor concern associated
with end-use data analysis within a utility is the variability of the end-use loads. Adding
multiple service territories may increase this variability, and joint projects must therefore be
carefully considered. For example, weather, size of dwellings, type of equipment,
construction practices, insulation, and family size cap vary substantially within and among
service territories, making SH a poor choice for joint end-use metering. Water heating mav
be a better prospect for joint projects because factors like family size, number of children,
water source, and the presence of dishwashers and clothes washers can be identified and
controlled. Estimates for the different service territorics can be developed based on this
information. The best prospects for joint end-use load research arc those end-uses that are
little affected by short-term weather and those end-uses that have littie custumer intervenuon
(e.g., refrigerators. freezers, and water heaters) (Applied Energy Group, Inc. 1988).

CONCLUSIONS

be significant, but the need for measurement of DSM-program impacts makes this a
necessary expenditure. This chapter identified a number of aspects of monitoring that the
evaluator needs to auend to: planning, sample design, sampie selection and validation,
installation, quality control, and data analysis.

Direct monitoring has alternatives. Inteliigent use of class, end-use, and borrowed load-
research information, coupled with attribute information and statistical modelling, can often
provide cost-effective alternatives to metering. The evaluator needs to carcfully consider the
problems and the alternatives before entering into a load-research program.
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CHAPTER B

FREE RIDERS AND OTHER FACTORS
THAT AFFECT NET PROGRAM IMPACTS

William Saxonis

INTRODUCTION

Accurately atributing energy savings and other benefits to DSM programs is a major goal
of any comprehensive evaluation. To gain a better understanding of program impacts, the
evaluation community has focused attention on program participants who would have taken
the identical energy-conservation actions without the DSM program. This type of parucipant
is referred to as a free nder.

Free riders must be examined because they represent a cost to the program but offer no
direct benefits in return. A common practice among utilities is to adjust for free riders after
gross capacity and energy savings are caiculated. DSM programs that are highly successful
from a gross-benefits perspective may prove 10 be less attractive when free riders are
considered. For example, if 50% of participants are free riders, net program savings might
be only half the gross savings. Program costs, however, would remaia constant. From a
societal perspective, free ridership is not important because they provide benefits to society
even though their actions are not attributable to the DSM program.

In addition to helping determine net program impacts. free-rider data can serve as a uscful
toal in designing DSM programs for maximum effectivencss. By considening the impact of
free-rider rates on program design, utilities could employ DSM resources more effecuvely
and offer programs that are more responsive o the needs of the target audience.

resulting in at least 20 evaluation reports that include free-rider estimates. C&l rebate
programs have also been frequent candidates for free-rider analysis.

To accurately identify the effects of free riders, understanding exactly what constitutes free
ridership is important. Because programs can affect. participants in different ways, three
major free-rider categories are distinguished (Table 23).

A pure free rider is a participant who would have taken the idennica! energy-conservation
actions at the same time if the program never exisied. By contrast, a nonfree rider is a
participant who takes the desired actions as a direcr result of the program.




Table 23.  Categories of free ridership

Category Key charactenistic

Pure free rider Would have taken the identical action without the program

Incremental free rider Influenced by the program to take action but not to the extent
advocated by the program

Deferred free nder Takes the action promoted by the program sooner than
originally planned

An incremental free rider is a participant whose behavior is influenced by the program but
not to the full extent advocated by the program. For example. 2 small business plans to
install energy-efficient lighting without being aware of its utility’s commercial-lighting
program. After learning that the utility is offering a rebate for such lighting systems, the
business purchases lighting that is 15% more energy efficient than the equipment it had
originally planned to buy. In this case, the net program impact is the difference in electricity
use between the lighting the business had planned to install and the even more efficient
lighting it did install.

A deferred free rider is a participant who would have taken the same actions promoted by
the program, huthmumwtmmmmmmmmnnpmm For
example, an evaluation of PG&E's Customized Rebate Program found that 68% of the
participants planned to implement the same measures advocated by the program even if the
utility did not offer a rebate. This group also said that the program encouraged them to
install the measures from stx months to more than five years sooner than oniginally planned
(Pacific Consulting Group 1986). The energy savings between the time the customers
installed the measures and the time they planned tu take the actions arc legitimately
attributable to the program.

Unfortunately, defining free riders does not end with these three categories. For example,
an incremental free rider may also be a deferred free rider.

FREE-RIDER MEASUREMENT

Despite the increased attention focused on free ridership, its measurement is an inexact
science. Most of the literature on the topic has been critical of the reliability of the
estimates. Lui and Fang (1990) concluded that “free-rider estimation can and should be
improved.” And Kreitler (1990) noted that “the standards for how to conduct evaluation
research into free ridership need to be strengthened.”
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Although efforts are underway to improve measurement of free ridership, the lack of a
reliable method to determine free-rider rates remains a problem. In fact, research has
frequently produced confusing and inconclusive data (Table 24). For example, five utility
C&I high-efficiency-motor programs identified free-rider rates ranging from 3% to 88% of
total panicipants.

Table 24.  Examples of free-rider estimates

Program type Free-rider rates
Residential
Refrigerator (rebate) 59-89%
Air conditioner (rebate) 19=79%
Heat pump (rebate) 40-60%
Loan programs 22-70%
Low-income programs 6=45%
C&l
Lighting 5-85%
Motors 5=88%
Multiple end uses 5=70%

Sources: Kreitler (1990), Lui and Fang (1990}, and Nadel (1990).

Several factors explain the variation in these estimates. In some cases, deficiencies in the
research design cause the variance, but in other cases differences in program design, market
segments, and reporting methods cause it (Table 25).

SURVEYS TO MEASURE FREE RIDERSHIP

Because programs and the environments in which they operate differ, the methods for
determining the free-rider impact must be tailored to each program. Experience, however,
provides valuable lessons for enhancing free-rider measurement with survey instruments,
data from the marketplace, comparison groups, and modeling technigues.

Survey Program Participants

The most frequently used approach to measure free riders is to survey participants. Usually
this survey asks participants one or more questions about what they would have done if the
program were not available. This approach has a low cost, is easy to administer, and can
provide results quickly. In some instances, such questions are part of the program-
application form. -




The key to successfully using this approach is to design carefully the questions aimed at
determining free-rider rates. Kreitler ( 1990) claimed that a serious problem in accurately
determining free-nder rates is that "inadequate attention has been devoted to the wording
of survey questions, leading to misunderstanding on the part of respondents and
misinterpretation on the part of analysts.”

Table 25.  Different methods of reporting free-rider rates

Wisconsin Electric refrigerator and air conditioner turn-in programs (single family)

- 28% pure program influence
- 7% mixed program influence
- 28% mixed windfall®

- 37% pure windfall

Long Island Lighting residential air-conditioner rebate program (condenser-unit replacement
only)

10.5 - 10.99 10%

110 - 11.49 25%
11.5 - 11.99 2%
12.0 - over 15%

Northern Illinois Gas Company gas-furnace rebate program

Category -0

Pure free nder 1%
Incremental free rider 18%
Nonfree rider ; 4%
Do not know 7%

equal to the sum ofmmﬂynmnrﬁ:gmﬂﬁmlndﬁum

Sources: wamminﬂemc(mu;wwmummmm Fang
(1989).
Target the Questions to Address Free Ridership

Sumccvﬂmdummimnu&uﬁdmhtpbyaﬂh;mmmdhuutupmgﬂm
influenced them to take energy-conservation actions. While the responses may be useful in
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assessing the participant’s feelings toward the program, they are a poor way to quantify the
effects of free riders. :

The principal flaw is that the question is too indirect to measure program-induced change.
Participants may identify the program as being influential, but may also say that the level of
influence was not sufficient to convince them to do something they would not have done
anyway. This problem occurs in numerous evaluations. In an appliance rebate program
operated by the New York State Energy Office, 71% of the participants claimed that the
rebate influenced their appliance purchase, but only 34% indicated that they would have
purchased a different appliance if the rebate were not available (Saxonis 1991).

In an evaluation of a commercial-sector program operated by Long Island Lighting
Company, two questions were asked to determine free ridership. Participants were asked
directly, "Would you have purchased that particular high-efficiency unit without the rebate
offer?" Participants were aiso asked, "Did the availability of the rebate have any influence
on your decision to purchase any of the technologies listed ... 7" In many cases consumers
responded "Yes" to both questions. These responses are inconsistent. A sample of
customers responding "Yes" to both questions was surveyed by phone to clarify their answers.
The results of this survey found that almost all of the customers responding yes to both
questions were free riders (Applied Energy Group 1989). Obviously, if only the second
question was used to estimate free-rider rates, the results would be musleading.

Ask Questions That Provide a Complete Picture

Some evaluators simply ask participants if they wouid have taken the same action if the
program were not available. For example:

L] Would you have purchased this appliance if the rebate were not available?
= Would you have installed this measure without the program?

While this type of question directly asks about free ridership, a single question is usually not
sufficient to fully address the issue. Asking questions similar 1o these will prompt only a yes
(free rider) or no (nonfree rider) response. Incremental or deferred free riders cannot be
idenufied with such simple questions.

An additional concern is that if the question is not well worded, the responses will be
difficult to interpret (Kreitler 1991). For example, some consumers may confuse the
purchase of the appliance in general with the purchase of a particular appliance model

A better approach is to more thoroughly investigate the customer's decision to parucipate
in the program. This approach involves asking several questions to validate responses and
to gain a more complete understanding of participant behavior. In an evaluation of a C&l
program operated by Madison Gas and Electric, customers were asked what they would
have done without the program along with several questions to further probe and verify free-
rider levels:
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action before or after they heard about the program. Obviously, if they decided to take the
action before hearing about the program, they are free riders or incremental free riders.

Sometimes, asking customers if they decided to take the action before becoming aware of
the program can be challenging, especially if the DSM program involves several components
(e.g., information. audit, and instaliation of measures). For example, a small business
receives a utility-sponsored audit from an independent engineering firm. Later, the business
talks to several contractors to learn more about the features and costs of several measures
recommended in the audit. including some that are eligible for the utility rebate. Because
of the various influences in this hypothetical program, it may be difficult for the participant
to accurately identify and assess the impact of the DSM program as distinct from the
independent influences of the engineering firm or the contractors. The customer might say
that the utility program had no effect because a contractor convinced himvher to adopt the
measure. In reality, the DSM program may have played a pivotal role in the firm's decusion.

This problem was encountered in a C&l incentive program operated by Central Hudson Gas
and Electric Corporauon. The evaluation (Applied Management Sciences 1990a) states.

A contractor or dealer who is aware of the program and intends 10 use the rebate as 2
marketing tool, might persuade the customer 10 iavest in efficient equipment. When the
customer fills out the marketing data on the application. however, it appears 1o him that he
has intended 10 invest in efficient equipment from the beginning because that was the oaly
type of equipment the dealer tried to sell him. [n such a case, a self-reported free rider is not
really a free rider.

Timing of the installation is also important in estimating free-rider rates. Did the program
allow the consumer to take the action sooner than planned? If so, by how long? Table 26
shows sample questions for a C&l program operated by PG&E (Pacific Consulting Group
1986).

Idenufy Free Ridership for As Many Program Components As Possible

[n programs that promote adoption of several DSM m=asures and practices, asking questions
that pinpoint program elements where free ridership is the highest and where it is the lowest
is important. This permits the utility to use evaluation results to fine tune the program by
modifying or eliminating program measures that have high free-rider rates. A NEES pro-
gram designed to encourage energy-efficient improvements in C&I structures illustrates this
point. Rather than simply asking participants if they would have taken any actions without
the program, respondents were asked to identify specific measures (e.g., energy-cfficient
lighting, heating-system improvements, and insulation) they would have implemented without
the program. Although 53% of the participants indicated they would have installed some
of the m=asures, the measure-specific free-rider rates ranged from 30 to 83%. This detail
can be valuable in better understanding the program as well as in improving program design
(Charles River Associates 1991).
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Table 26, Sample Questions for a C&J Program
I S ES T o

Question; How did the availability of the 1984-85 Customizeqd Rebate p

Responses: You wouldn' have made the change without the program,
You would have made the

You would haye made the change anyway but the Program speedeg up the
change,

Don't know,

Question: Did the 1984-85 Customized Rebate Program aljow Your company 1o
undertake this rebate projecy earlier than originally Planneqd?

Responses: Yes

Question; (If Yes) How much earlier gig You make the change?
Responses: Less than 6 months
6 months 1o I year
2-3 years
S years
More thap 5 years
Don't know

Even with well-designeg Survey questions, the evaluator rmust deg) with recall and other
problems of self-reported dags Specific issues include memories, a tendency 1o tey

Surveyors what they want 1o hear, and 3 reluctance to admit that they would haye done
Something differen; from what they did.

Questions op the cnergy-related actions of Participants may pe asked several monghs after

their involvemen; N a program, It may be unrealistic 1o €Xpect participants 1o remember
all the details of their Participation, As a result, evaluators shoyjd Survey participants ag
500N as possible afier they receive Program services,

it taking advantage of 5 Program that fajled 1o
what they woyjg have done without the program:
hink will Please the interviewer ang will be consistent




Do people learn, believe, and then act, or do they act and then make their beliefs consistent
with their actions? Once 2 purchase is made, the consumer’s perception of the product not
selected may become more negative, and the perception of the product purchased may
become more positive. This phenomenon makes it unlikely that the consumer will indicate
2 desire 10 have taken a different action without the program service (Calder 1973). Such
responses will result in an upward bias in free-rider estimates.

MARKETPLACE DATA TO ESTIMATE FREE RIDERS

Surveying program participants is not tke only way of determining free-rider rates. Other

methods include analysis of market data, use of companson groups, and discrete-choice
modeling. These topics are discussed in this and the following two sections.

The impact of DSM programs is usually not limited to the customer that actually receives
the service. If consumers are receiving rebates for purchasing efficient appliances, retailers.
distnbutors. and manufacturers may act to ensure that the qualifying products are available
in the stores. Moreover, they may promote the program by using the utility incentive as part
of their own marketing efforts, For programs that advocats measures that requirc
professional installation, a network of architects, engineers, contractors. installers, and
suppliers are affected. These “trade allies” (service providers, equipment distributoss, and
retailers) can be surveyed to yield estimates of free ridership independent of those obtained
from program participants.

For appliance-rebate programs, the net impact of the program appears 10 be higher (and
therefore estimates of free ridership are lower) when sales data (rather than participant
surveys) are used to estimate free riders. Dealers participating ir the New York State
Appliance Rebate Program reported a significant shift in the number of encrgy-efficient
refrigerators and room air conditioners they stocked and sold during the time the rebatss
were avaiiable. This occurred at a ume when only a modest increase occurred in the
efficiency levels of appliances sold nationally. A majority of the dealers attributed the
increase in efficiency levels directly to the program. Anecdotal reports suggest that
appliance distributors shipped less-efficient appliances to wiher regions (Saxonis 1989).
Considering that the primary purpose of the program was 1o increase the sale of efficient
appliances, the program may have achieved its goal despite an apparently high free-rider
‘ate (as estimated from participant self-reports). The appliance dealers appeared to have
successtully reduced the opportunity for consumers 1o purchase inefficient models.

In the case of rebate programs, evaiuators have asked retailers if they sold more of the
product qualifying for the incentive during the program than before the program. After
adjusting for general trends in product sales, the difference between the before and after
sales provides an indication of the net impact of the program. This approach has the
advantage of examining what actually occurs as contrasted to asking consumers 10 speculate
on what actions they would have taken if the program never existed.
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A major barrier to collecting this type of information is the reluctance of retailers to provide
data because such information is often considered proprietary. National trade organizations,
such as the Association of Home Appliance Manufacturers and Gas Appliance
Manufacturers Association, provide some product and sales statistics, but they usually reflect
only national trends and fail to identify local sales of specific models.

Despite these difficulties. several approaches have been used successfully to collect
marketplace data. A key to success is developing a positive relationship with the
organizations from which you are requesting the information and stressing the importance
of the evaluation effort to their business. Wisconsin Electric reported that, with persistence
(i.c.. several phone calls and a letter from a senior vice president), they received sales data
(rom an initially reluctant group of lighting distributors. They also encouraged cooperation
by paying the distributors $200 each to help defray the cost of collecting and reporting the
data (Brooker and Fichtner 1991). Wisconsin Electric also obtained sales data by paying
appliance dealers $5 per sale to collect data on purchases of both qualifying and
nonqualifying air conditioners as part of an evaluation of their Smann Money program
(Brugger and Brooker 1991).

Some utilities require dealers to provide sales dataasa prerequisite for participating in their
program. For example. the San Dicgo Gas & Electric Earthwise Appliance Program
requires participating dealers to provide both preprogram and program sales data. Most of
the major-appliance dealers in the San Dicgo arca (about 60) have agreed to participate.
Some dealers have even offered to provide names and addresses of consumers who
purchased appliances not eligible for the rebate. In addition, the utility plans to conduct a

survey of appliances displayed in the dealers' showrooms for additional data validation
(Wiggins 1991).

Another approach is to survey dealers with a voluntary and confidential survey. An
evaluation of an appliance rebate program in New York asked dealers to indicate in ranges
(e.g., 10-20%, 30-40%) the percentage increase or decrease in inventory of equipment that
would qualify for the rebate. Ranges were used to reduce dealer reluctance to provide
detailed sales and inventory data. Dealers were also asked if Liventory changes were made
because of the program (New York State Energy Office 1989).

The effectiveness of this rype of data collection is limited because ranges sacrifice precision.
For example, if the dealer indicated that sales increased 10 to 209, the actual percentage
could be as low as 10% or as a high as 20%. -

An additional concern is that dealers may overestimate program impacts 10 €ncOuTZge
continuation or =xpansion of the program. It is imporiant 1o consider that the availability
of the DSM program may benefit their business.

Nonresponse bias is a potential problem for all of these approaches, if not all the affected

dealers participate. It may be possible that the dealers most enthusiastic about the progrem
will respond to the survey and the less enthusiastic dealers will not.
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COMPARISON GROUPS TO ESTIMATE FREE RIDERS

The use of a comparison group is a common evaluation technique that can be employed to
account for free niders. The difference between the energy-conservation actions of a sample
of program participants and an appropriately selected comparison group should provide an
accurate estimate of the net program impacts. A major advantage of this approach is that
it compares actions as opposed 10 asking participants to estimate what they would have done
if the program were not available.

Finding a group that is comparable to the program participants but not contaminated by the
DSM program can be difficult. Specifically, participants choose to participate while
nonparticipants either choose not to participate or are unaware of the program. As a result,
systematic differences may exist between participants and nonparticipants with respect to
energy-use patterns and attitudes towards energy efficiency.

Addressing the potential for self-selection bias in the companison group is important. This
point was vividly illustrated in a process evaluation of NEES's C&l incentive program. The
evaluators attempted tc estimate the level of free ridership by comparing the activity of
participants 10 nonparticipants. They found that 13% of the nonparticipants installed
measures similar to those being promoted by the program, suggesting a frec-rider rate of the
same percentage.

The report correctly noted that differences between participants and nonparticipants would
likely inject a significant bias in their free-rider estimate. Specifically, "participants appear
to be different from nonparticipants in several interesting ways. Participants tend to look to
outside sources of expertise for advice while nonparticipants are do-it-yourselfers.” This
finding suggests that free-ridership estimates that are based on comparisons o
nonparticipant actions may be flawed, because participants may need the program to
undertake the retrofit measures, while nonparticipanis may not (Freeman Research
Resources 1991).

In some cases, the differences between participants and nonparticipants will be less dramatic
and will not seriously affect results. If differences are significant, evaluators can correct for
self-selection bias. Methods for doing so include comparing encrgy consumption between
participants and nonparticipants using multiple comparison groups and simultancous-
equation models. The models generally require the estimation of two equations, a discrete-
choice participation model and an energy-use equation (Chapter 4).

Another approach is to monitor the activity of a nonparticipating region with similar
characteristics to the test market. Wisconsin Electric used this approach to evaluate a
program to encourage C&I customers to purchase energy-efficient fluorescent lamps and
ballasis. Equipment zales were monitored fn the area where the rebate was available
(Milwaukee) and in a region with similar characteristics (¢.g., population and electric rates)
but without a lighting-efficiency program (Fig. 16). Cincinnati was selected as the
comparison region. Sales of efficient lighting fixtures remained nearly constant in Cincinnati,

129




suggesting that the increase in the sale of efficient lighting in Milwaukee during the programn
was directly attributable to the program (Brooker and Fichtner 1991).

Deferred free riders should be considered when comparison groups are used (as well as with

other methods). In a comparison-group analysis, the cffccts of deferred free riders would

appear as a decrease in net (program-induced) energy savings over time; see Chapter 7.
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STATISTICAL MODELS TO ESTIMATE FREE KIDERS

Some evaluators have used statistical models to estimate free ridership (Chapter 4).
Generally, this method invoives analysis of the energy-related actions, characteristics, and
attitudes for samples of participants and similar nonparticipants. Simulations are developed
to predict the likelihood of the adoption of program-sponsored measures with and without
the program. The two estimates are then used to calculate the free-rider ratio.

Niagara Mohawk used this approach to estimate the free-rider rate in its Low Cost
Measures Program (Regional Economic Research 1991). This program offered low-flow
showerheads. pipe wrap, water-heater blankets, and compact fluorescent bulbs to residental
customers. With data from a survey of participants and nonparticipants, an equation Was
developed to estimate the likelihood of the adoption of these measures. Characteristics like
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income. househoid size, education level, and artitudes toward conservation were used to
adjust for differences in participants and nonparticipants (self-selection bias).

The estimated model (Table 27) was used to simulate the predicted adoption rates of
program participants under WO SCEnarios: Customers participate in the program and they
do not. This dual simulation involves solving the model for the participant sample with
different values for the participation variable (yes vs no).

Table 27. Enmphufmﬁﬂinﬂmddmadbuﬁmﬂﬁmrﬂnﬁpinnmﬁdmﬁl
program

ADOFT& = At{DwN i INCI.’ NUMINIM'; EDUCF PART{. ATTupc-. ATI'H, M]:LLSRAT*}-

where:
ADOPT,, = a binary variable reflecting the adoption of measure k by household i
OWN; = a binary variable reflecting home ownership
INC, = income of household i
NUMINHH; = houschold size .
EDUC, = education level
ATI'ﬂ = an attitude index (j) relating to conservation
PART; = participation of the household in the program
MILLSRAT; = Mills ratio (used to correct for seif-selection)

Because the dependent variable is binary, a logit formulation was used, which assumes the
logistic functional form:

ADOPTy = 1/(1 + ¢™),

where: ht(l'} = h le, INC‘.. NUM EDUCP PA.R-T’. .I‘s:rTlﬂ vees ATI‘H-

Source: Regional Economic Research, Inc. (1991)
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The specifics of the model will vary with program type and availability of data. For example,
in a residential loan program. factors like the number of people over age 75, the number of
people at home at night, and the importance of comfort were considered (Ozog 1991). In
modeling a commercial-sector program, variables would likely inciude the type of business
and its energy-consumption history (Regional Economic Research 1990).

While these techniques hold promise, they are hindered by the quality of the data on which
they are based. These data usually suffer from the same problems as other evaluation
techniques. Regional Economic Research (1991) noted, "The adoptions mode! was
estimated using the results of the tracking survey. While the survey yiclds a relatively small
sample size, it is the only available consistent source of information on adoptions and
nonparticipants. In the future, with more data points, our free-rider estimates may change.”

FREE DRIVERS

The opposite of a free nider is a free driver. A free driver contributes to the goals of the
program (e.g., reduce energy consumption) but is not formally a program participant. A free
driver is affected by the program either through a conscious awareness cf the program or
because of program-induced changes in the marketplace. Free drivers require evaluators
that use comparison groups to consider whether the comparison group is actually taking the
conservation actions because of the program (i.e., what is traditionally considered a free
rider may turn out to be a free driver); see Chapter 7.

An example of a free driver is a customer who purchases a product that qualifies for a
rebate but does not claim the rebate. Northern States Power Company’s analysis of its
appliance rebate program showed that only about 40% of the customers that purchased a
qualifving appliance applied for the rebate (Brian Gard William Lesh Inc. 1985). In some
cases the customers may not have been aware of the program, and in other cases may have
decided it was not worth the etfort to apply for the rebate.,

Free drivers also occur in new-construction programs. Research conducted on such
programs in Maine and Wisconsin found that they affected the actions of nonparticipants.
Specificallv, some builders constructed homes to program standards for competitive reasons
but chose not to participate in the program. As a result, an examination of nonparticipants
would not accurately represent what would have happened if the program did not exist
(Violette, Ozog, and Wear 1991).

Research on free drivers is limited. One way to identify free drivers is to ask nonparticipants
if they are aware of the utility’s DSM program and, if so, whether the program influenced
their adoption of program-recommended actions. Unfortunately, customers may be
influenced by a program even if they are unaware of its existence. For example, wholesalers
and retailers may stock more of the energy-efficient appliances because of a utility’s rebate
program: nonparticipants may purchase these units even if they are unaware of the program
sumply because the efficient ones are in greater abundance and more prominently displayed
in the showroom.
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One way of dealing with free riders is to design programs to reduce their impact. Free-rider
research has been valuable in this regard. For example, in a commercial lighting program
offered by NEES, the free-rider rate was quite high, about 65%. Rather than eliminating
the program. the program was modified. The first change was to require preinstallation
inspections to ensure that potential participants did not already have efficient lamps and
ballasts and merely wanted to replace worn-out equipment. This type of customer would
readily fit the description of a free rider, The utility also encouraged the use of "advanced”
lighting measures that typically have free-rider rates considerably lower than simple
conversions from incandescent to fluorescemt fixtures. The free-rider rate for regular
fluorescent lamps was 65%, but for compact fluorescent lamps only 5%. In general, free-
rider rates tend to be higher for products with high market shares and lower for products
with low market shares (Nadel 1990). .

Research conducted on a rebate program for C&I customers operated by Southern
California Edison shows how different segments of the target market reacted to the program.
The program gave rebates for the installation of energy-saving cquipment. The customers
who asked to be audited (as opposed to a utility representative’s initiatng the audit) had a
greater tendency to install recommended measures (Train, Ignelzi, and Kumm 1985). These
results show that free ridership is a function not just of program design but also of the type
of customer participating in the program. Ewvaluation resuits can be used to help utilities
better target their programs to customer groups with low free-rider rates.

Markets, customer attitudes, and actions are not constant. A free-rider rate of 10% today
may be 50% tomorrow. Despite the problems associated with free-rider measurement, if
questions are asked over a long time with the same measurement techniques, important
trends can be detected even though the absolute accuracy of the estimate may be
questioned.

Measuring and dealing with the free-rider issue is not simple. The data can be inconclusive
and contradictory, which makes it risky to depend on a single method of collecung and
analvzing free-nder data. The challenge for the evaluation community is (0 improve
techniques for free-rider measurement. The challenge for those developing DSM programs
15 to reduce the free-rider impact in the design stage. -
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CHAPTER 9

e —

PROCESS EVALUATION OF DSM PROGRAMS

Benson Bronfman
Jane Peters

BACKGROUND

Process evaluation is the review and assessment of program implementation. Originally
applied to federal housing and education programs, process evaluation plays a central role
in the evaluation of DSM programs. The major characteristic of DSM programs that
distinguishes them from power plants is the distributed nature of DSM-program actmvities
and effects. DSM programs are centrally planned, but are implemented by ficld staff,
contractors, and customers.

Initially, the focus of process evaluation was on program operations and structure, and such
evaluations provided program managers with a documented history of the program.
Currently, the goal of process evaluation is program optimization through

n Improvement in implementation efficiency

L Assessment of market segments and targeting of specific segments

] Improvement in quality of measure installation

u Identification of program-design issues

" Interim accounting of program progress through reviews of the program database
u Examination of special issues, such as measure life and program comprehensiveness

Despite the creative uses of process evaluation, 100 often process evaluations are narrowiy
defined to include only customer response and satisfaction. While satisfaction is clearly
important, programs could achieve high satisfaction but acquire few DSM resources.
Measuring customer satisfaction, in and of itself, does not represent the current practice of
process evaluanon.

Evaluation includes a continuum of activities designed to measure program impacts and to
improve program delivery. Because of this range, the attribution of activitics exclusively to
“impact” or "process” practice is somewhat arbitrary. Impact evalvations often include
surveys of consumer satisfaction and behavior. Process evaluations frequently document
program activities (e.g., measures installed and their actual costs) and estimate cost-




effectiveness. This review of process evaluation takes a broad view of the field, including
some activities that might belong on the impact side of the ledger.

As DSM-program performance has become more closely tied to integrated resource
planning and incentive reguiation, process evaluation has assumed more importance. First,
because many utilities have only recently come to the DSM-resource-acquisition philosophy,
many programs are designed and implemented quickly. Even with expert assistance in
program design, early process evaluations are critical 10 fine-tune programs. assess the
market potential, and identify market segments not reached. Second, because process
evaluations are in the field early and because impact evaluations often do not produce
results for a year or two, process evaluations are instrumental in producing ecarly reports on
program effects and effectiveness. This activity may include assistance in designing the
program database, assessing the reliability of program data, and periodic reporting of
implementation data (e.g., the number of installations, estimated and actual costs, and
projected savings).

Process evaluations are generaily conducted once a year for cach program. The topics to
be addressed vary from year to year, depending on the stage of the program and the types
of issues that are currently important to the program. Start-up evaluations often address
program design, contract-negotiation procedures, and internal organizatior. Short-term
evaluations can be conducted to address special issues, such as changes in building codes,
the effects of utility reorganization, or changes in the marketplace. Comprehensive
evaluations may include a variety of projects designed to address specific problems from
start-up to special issues, finally combining all the results into a comprehensive report on the
program.

Process evaluations should be conducted with guarantees of confidentiality to all parues
providing information. This guarantee will help demonstrate that the evaluation will be used
to improve the program. [t also serves to assure customers that the utility is concerned with
the program as a whole and not with their particular response to the program. By assunng
all contacts that the information is confidential, greater objectivity and more insightful
reports will be obtained.

Process evaluations can be conducted by utility staff or by contractors. Ulilities have often
conducted their own process evaluations because of the sensitive nature of the information
and because process evaluations are primarily for internal use. However, the use of
contractors is becoming more accepted because contractors can provide an alternative and
confidential channel for communication among program staff, participants, contractors, and
utility decision makers. An additional benefit of contractors often occurs after a utility
reorganization. Contractors frequently serve as the corporate memory during these changes.

KEY ISSUES
Process evaluations are broadly defined as the assessment of program implementation. A

comprehensive process evaluation examines a program at different stages. This section
discusses the planning and design stage as well as the implementation stage (Exhibit 10).
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Exhibit 10. Process evaluation of a DSM-bidding program

1n 1988, Orange & Rockland Utilities proposed to run an experimental bidding program for
DSM resources. The New York State Energy R&D Authority assisted in the design of &=
program and sponsored an evaluation of the program to inform the other utilitics in New York
(Environmental and Energy Services Company and Pacific Encrgy Associates 1989; Peters,
Barry, Horowitz. and Gordon 1990).

The evaluation included two phases. The first addressed program planning and design,
contractor selection, and contract negotiations. The second addressed the first year of
implementation. including an analysis of project savings and costs. The evaluation addresse.
SEVEN major issues:

L. Program Goals and Design. nguplhwuﬁe:&wkmdamﬂwmmu
andhuwmﬁﬁyinmmiomm&mdﬂhhthcpmmdaip:whuhﬂ the program
umgmmmzmummmmmmwmmmmm
ultimately, whether the program will be manageable as it is implemented.

l‘J‘

Request for Proposals (RFP) Process. With surveys, the bidding process was reviewed
10 determine the level of competitiveness and whether program goals were achicved in
the selection process. Thcrmfammcmmndmdcmmﬁm
utility had an appropriate list of potential and whether any feawres of the

program or RFP presented barriers 10 response.

3. Delivery Mechanism. Th:minthuutnumm;hzcmubomcbylhe
mmumnmdw:mthBMhmmeuumrmdm:mmmmm:
r:lniomhipb:twmmemmnduﬁlity costomers, and the ability of program
contractors to deliver the DSM savings.

4. Administrative Mechanism. The administrative componeats of the prograz. included

development of the RFP, the process between the utility and the ESCOs,
the administrative costs borpe by partics, the cost- and quality-control
procedures used by the utility, and the savings-verification process.

5. Customer Response. Customer and satisfaction are key ingredicats o
program success. However, the was not a direct party o the customer’s
expericnce because the program was Yy ESCOs. The evaluation obtained the

customers’ view of the utility’s role in the program. their response 10
materials, and their view of the ESCO role. In addition, the evaluation addresses the
cﬁmo[&;ﬂﬁn;mmmwmm.

6. mplementation. This phase estimated and demand savings and program COsts.
Mﬁummwhﬂcﬂﬂm

7 Measurement Plans. The validity of the cost-effectivencss rests on the accuracy
of the cost and savings data for the installed measures. The cost data were
dumgummlmmnnfthcdﬂnhm&ulnddeﬂmrm actual

savings data rmwmmﬂmmdmwwm
consumption and demand. Each contractor was required to develop a measurement
plan. Thhphmufmemﬂuﬁmwvhﬁlh#ﬂlﬂmﬁwﬁfwm
mmﬁ:ﬂmmﬂvﬂrlﬂm&hmdﬁu




Planning and Design

Process evaluations can address program-design issues before the program is in the feld.
Evaluations conducted during this stage can lead to early program enhancement and more
effective long-term implementation (Peters, Gustafson, and Vowles 1987; Peters, Barry,
Horowitz, and Gordon 1990). The most critical issue for investigation durirg this period is
to determine whether the goals of the program are explicit and whether they are being met.
Lack of clear articulation of goals can have severe implications for future cvaluations of
program performance (Lerman and Bronfman 1986a). Process evaluations are designed to
determine if programs are achieving their goals. Frequently, program goals change over
time. These changes should be documented, and program design should be reviewed to
determine whether it supports the new goals.

Assessing the planning and design process requires early review and feedbac. The
evaluator seeks to determine whether the design process successfully addressed all parties’
concerns and whether the resulting program has sufficient staff resources and commitment
for etfective implementation. Experience at other utilities with similar programs is usually
brought to bear to review the proposed program structure, delivery mechanism. and
administration.

Implementation

Program implementation includes administration, program-delivery mechanism, ongoing
program activities, and customer response to & program. Most process evaiuations focus on
this phase, which can be repeated at annual intervals 1o track the program over time. For
example, Lerman and Bronfman (1984); Lerman, Bronfman, and Tonn (1983) and Synergic
Resources Corporation (1991) conducted process evaluations of BPA’s Residential
Weatherization Program as it developed from a pilot to an interim 1o a long-term program.
In another example. the early adoption of model conservation standards in Tacoma.
Washington. led to the implementation of a kick-off evaluation as the program was siarmng,
and a revisit to examine implementation as the program matured (Lerman and Bronfman
1986b). Several process evaluations that tracked the evolution of an industrial retrofit
program are chronicled in Evans and Peters (1967).

Administration mechanisms range from contractual agreements between the utility and
customers or contractors, to payment procedures and quality- and cost-control procedures.
[ssues about contractual agrecments are only addressed when contracts must be signed, while
payment and quality- and cost-control procedures should be monitored throughout the
program to assure that they are functioning well.

Customer response to a program determines whether iv is effective or not. Customer
response includes such issues as free riders, take back, free drivers, market cffects, and
market segmentation. If customers are dissatisfied with the program or if they find

participation difficult, the program may require redesign.




How the program is organized and how the utility manages a program are critical aspects
of program process. For example, if the utility permits districts to implement the program
in their own way, several programs will be in the field, and a variety of explanations will exist
for program effects (Fig. 17) (Lerman, Bronfman, and Tonn 1983). Reviews of how utility
staff communicate within a program can reveal interesting information about
implementation. For example, Lerman and Bronfman (1984) showed that the delay in
resolving technical issues and communicating those results to field staff led to ad hoc
decision making in the field and infrequent use of the required technical-issue-resolution
process.
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A critical question for process evaluations is, "How much of the target market participated
in the program?” Market segmentation helps to identify appropriate groups of customers
to target for a particular program. The most common approach to market scgmentation is
to link attitudinal and demographic information obtained from surveys or geographically with
specialized databases (Van Liere and McKinnell 1989: Feldman 1988). Process evaluations
seek to determine whether the expected segments participated in the program, whether the
segmentation strategy was effective, and how it can be improved. For example, one
evaluation found that the structure of investment decision making among manu{acturers and
their place in the annual budget cycle was much more important in determining program
participation than was company size or type.
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Barriers to participation are the factors that prevent customers from participating in a
program. A difficult sign-up process or confusion about program requirements or benefits
can limit participation. Two evaluations examined the low response rates to RFPs for a
third-party financing commercial program. These evaluations showed that the low response
rates were, in large part, caused by the many firms receiving the RFP who were either not
qualified to respond or had no intention to respond.

Process evaluations address nonparticipating customers as well as participating customers
to idenufy the program features that arc least attractive or that require modification to
improve participation rates. Two evaluations examined the barners to participation in
commercial retrofit and new-construction programs (Freeman Rescarch Resources 1991
Charles Rivers Associates 1991). Both studies linked reasons for participation and
nonparticipation to specific program features.

Utilities oftzn want to estimate the number of free riders (Chapter £). Idenufication of free
riders is often accomplished through surveys of participants and nonparucipants (Charies
Rivers Associates 1991; Freeman Research Services 1991).

Customers must be aware of the program before they can participate. Measurement of
program awareness focuses on nonparticipants in the target market. Awareness can mean
that they have heard of the program or that they are aware the utility conducts energy-
efficiency programs in general. Awareness following media campaigns can be expected to
rise. Determining how much rise occurs after different types of campaigns can help utilities
select the most appropriate strategies for future marketing efforts (Bimbaum and Davis
1989; Columbia Information Systems 1988).

Customer satisfaction includes general satisfaction with the wtility and satisfaction with
specific programs. Changes in customer satisfaction can be measured by repeated studics
over ume. Satisfaction with DSM programs is critical for understanding the benefits of the
program and making modifications to improve customer response. If the uulity conducts
general-catisfaction studies as well. participants can be ccmpared to nonparticipants (Peters,
Haen. and Seratt 1990).

Utilities frequently examine attitudes and beliefs to determine how they afiect participation
and how participation affects attitudes. For instance, it was found that artitudes toward the
utility can be improved and customers’ sense of control over energy usc can be increased
through participation in residential low-income programs.

During the lifetime of a program, the particular technologies promoted by the program can
advance beyond the levels included in the program. or the energy-efficient technology can

become the dominant option offered in the marketplace. Measuring these changes is an
important part of process evaluations, Studies of retailer and distributor inventories,
mystery-shopper activities, and discussions with equipment vendors and dealers can help
determine whether a program has outlived its usefulness or whether the installation of new
equipment should be encouraged through changes in program design. Two process
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evaluations showed, for example, that more than 75% of eligible street lighting had been
replaced in BPA's Street and Area Lighting Program (Peters and Bronfman 1986) and that
the high efficiency water heaters were the only options available in Washington and Oregon
(Lerman 1987).

Program costs include incentives, utility staff, and contractor expenses. In addition,
customers may have costs associated with the program. Surveys can be used to identify costs
that are not recorded and to estimate costs, For example, Peters, Haeni and Gustafson
(1988) estimated administrative costs for three commercial programs with a combination of

utility records, surveys, and in-person interviews.

DATA COLLECTION AND ANALYSIS

Process evaluation relies on traditional social-science methods to collect and analyze data.
Data sources include utility staff, trade allies, program participants, nonparticipants,
implementation cONtractors, program reports, program databases. and data from other
utilities conducting similar programs. Data-collection methods include structured in-person
interviews. group interviews (e.g., focus groups), mail and telephone surveys, direct

observation, and literature and document reviews. Analytic techniques range from narrative
description and anecdotal reporting 1o simple and multivariate statistical analyses.

Data

Identification of the appropriate data sources requires a sound understanding of the
program’s design. The evaluation staff must identify the key people involved in the program
within the utility. The following questions (see also Exhibit 11) can be used to identify these
key people.

[ ] Who designed the program?

m Who approved the program design?

= Who delivers the program to customers?

. Who administers contracts and rebates?

L Who interprets questions about the program?

Once the correct contacts are identified, program documents and communications &mong
these peopie should be located. Utility contacts can assist evaluation staff to idenufy the
role of contractors and trade allies in implementing the program. The program database
and monitoring system provide additional information.

A process evaluation of an all-source bidding program identified six target populations
(Environmental and Energy Services Company and Pacific Energy Associates 1990):
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Exhibit 11. mwammmmmnmm

Boston Edison (1991) prepared a serics of questions to address in evaluating each of its DSM
programs. The key objectives for evaluation of a residential program are:

Document the history and progress of the program
Assess the promotion and delivery system for use in designing future programs
Assess installation-contractor effectiveness and comprehensivencss in program delivery

Assess building-owner and occupant satisfaction and attitudes toward the program and
its products and services

Identify barriers to program penetration

Assess the market-driven versus program-motivated efficiency actions of customers o
estimate the numbers of free drivers and [ree riders

Evaluate product removal and retention (o estimate persistence of savings

Identify and compare the characieristics of owner and occupant participants and
nonparticipants

Assess the remaining market potential

Examine the roles played by contractors, communi organizations, building owners,
occupants, and Boston Edison staff in the design, ing, and imolementation of the
program

Assess the educational components of the program and its effect on participating
cuslomers

Regulators in New York and New Jersey invoived in planning the program
Utility staff involved in the design, development, and implementation of the program

ESCOs and utility customers submitting proposals and signing contracts to deliver
DSM resources

Nonresponding ESCOs and customers (those on the RFP mailing list who did not
submit a8 proposal)

Participating customers who received program services from ESCOs

Nonparucipating customers who considered participation but then decided against it
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Selection of the appropriate number of contacts and samples for surveys requires
understanding the difference between sampling for information and sampling for statistical
reliabilitv. Sampling for information provides a wide enough range of experience with the
program 1G cover all points of view. This is the approach generally taken with key-contact
sampling for the utility staff, implementation contractors, and small numbers of participants.

Sampling for statistical reliability assures that statistical analyses yield the desired precision
in results (Chapters 3 and 4). Statistical reliability is especially important in impact
evaluations. Samples should be constructed so that the results can be generalized to the
population as a whole. While general guidelines suggest that a sample of 200 to 500 is
sufficient in most cases, some situations require larger samples to ensure that every market
segment is included in the analysis.

If the program is new to the utility, drawing on the experience of other utilities to identify
issues and approaches for solving problems is appropriate. Literature reviews and surveys
of other utilities' experiences can also be valuable when addressing difficult issues, such as
free ridership or measure persistence.

Process evaluations can occur throughout the life of a program, including the first few
months of program implementation. Such evaluatons are used to obtain an early

assessment of the program process. They are conducted over a short time and rely on
interviews as the primary data-collection method.

Process evaluations conducted during the first few years of the program are generaily
comprehensive. These evaluations focus on both planning and iuniplementation, and are
often coordinated with a preliminary impact evaluation. Such cvaluations require extensive
interviews and surveys with many people involved in the program.

Evaluations that occur in the middle and later periods of the program might focus on
specific issues of implementation or whether specific recommendations have been adopted.
Process evaluations might collect data required for the impact evaluation or to determine
if the market has changed so that the program is no longer required. These special
evaluations require targeted interviews and surveys of appropriate populations.

The final stage of a program may require no evaluation at all. If only limited studies have
been conducted, however, a final, comprehensive evaluation may be undertaken. Such an
evaluation can help interpret impact data and provide a resource for utility staff who might
wish to build upon the experience of the program in the future. These evaluations would
also require extensive interviews with many contacts and surveys of large sampies of
participants and nonparticipants.

The depth of the analysis required will also influence the selection of a data-collection
approach. In general, the greatest depth is gained from in-person interviews, which can
provide detailed and candid accounts of the program process. Surveys, focus groups, and
document reviews provide less detail but permit access to a greater number of contacts. In
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programs with many participants, depth must generally be discounted to achicve breadth of
coverage for participant and nonparticipant views.

The number of comtacts is an imporant factor in determining the breadth of coverage
required in collecting data. [f there are many potential contacts, those with unique and
comprehensive familiarity with the program should be identified. These contacts will be the
most appropriate for in-person interviews. Field staff or trade allies with comprehensive
implementation experience can be effectively interviewed in groups. Surveys are most
appropriate when breadth is required, such as with large groups of participants,
nonparticipants, and trade allies.

Analysis

Analysis techniques depend on the types of data collected and on the questions asked by uie
process evaluation. The fundamental requirement of a process evaluation is 1o explain not
oniy the who. what. and where of the program. but also why things happened as they did.

Quantitative techniques are generally applied to surveys and program records. These
techniques include simple descriptive statistics, such as counts, tabulations, and measures of
central tendency. Statistical tests, such as t-tests, chi-square tests, and muitivanate analyses
(c.g. conjoint analysis, regression analysis, factor and cluster analysis, and discrete-choice
analysis), are also used.

Simple descriptive statistics are applicable to most survey and program data and even to0
some interview data. In fact, most who, what, and where questions are answered with counts
and tabulations. Statistical tests and multivariate analyses, however, require careful
construction of survey instruments and sample-selection procedures to assure ihat the
appropriate data are available for analysis.

Qualitative techniques are used in al! process evaluations 10 analyze interviews. focus groups.
and program documents and to integrate quantitative data with these da'a sources.
Qualitative analysis requires a structured and detailed organizational framework. Data are
derived from a variety of sources requiring the analyst to systematically organize and classify
the data into the analysis framework.

Miles and Huberman (1984) provide a detailed sourcebook on qualitative data-analysis
methods: they describe three components of the analysis: data reduction, data display, and
conclusion drawing and verification.

Data reduction transforms raw data into usable material This reduction includes, for
example, reviewing interviews to summarize and synthesize key issues and to formulate new
questions. This process transforms the data into a presentation format from which
conclusions can be drawn. For example, responses to a series of questions can be examined
for kev contact groups, or a matrix can be developed to tabulate responses across a variety
of issues.
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Fig 18 Although process and impact evaluations differ in their underlying purpose,
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and offer suggestions for program improvement.

Because process evaluation personnel are "on the ground” early in the program, issues of
data quality and availability can be addressed. Will the data needed for an impact
evaluation be available in a timely manner? Evaluators assume that basic diia (such as
monthly electricity bills) are available for utility customers in recognizable form. This
assumption is often incorrect. It is not unusual, for example, to find no data on customer
contnbution 1o the cost of DSM measures, to discover that entire classes of customer have
meters read sporadically (with electricity use estimated the remainder of the time), to find
billing histories archived in obscure formats, or 10 find that only a fraction of the data is
digitized (and the rest exists only on paper at wideiy scattered district offices).

Often, no corporate memory of prior evaluations or data systems exists, Usablc data are
often discovered through the process evaluation. Early identification of problems and
opportunities regarding data systems allows corrections 10 be made early enough to be useful
in impact evaluation. Or it allows the impact evaluator enough time to change the
evaluation strategy. For example, BPA's Commercial Audiz Program evolved from a
resource-acquisition program to a data-gathering/resource-assessment program o a field test
of alternative auditing methods. Little documentation of these changes was made. The
resulting database was limited in its usefulness when impact evaluations were implemented
(Lerman and Bronfman 1986a; Cambridge Systematics and ERCE 1989).
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Process and impact evaluations often address the same participant and nonparucipant
customers. lmpact evaluators may survey samples of participants and nonparticipants
regarding decisions to participate, nonprogrammatic actions, building encrgy-use patierns,
and equipment/appliance portfolios. Process evaluations may aiso deal with decisions to
participate, participant and nonparticipant characteristics, attitudes, satisfaction with services,
and intentions to take action. Many different purposes can be combined into one survey
instrument. Again. with process evaluations in the field early, additionzl data can be
gathered through follow-up surveys or site visits to make the data more current or 1o add
information on new issues, such as measure life.

A few residential retrofit programs have been in operation for six to eight years. In
situations like this, where year-to-year savings have been stable, impact evaluations may not
be performed on an annual basis. Rather, periodic process evaluations are conducted,
focusing on specific issues, such as market acceptance of changing incentives Or measurcs
offered. These "maintenance” evaluations and special projects can trigger new impact
evaluations if results are substantially different from expectations.

Process evaluation has assumed a larger role in utility program evaluation, especially in
settings where integrated resource planning and incentive regulation are in force. Utilities
often do not have the time 1o pilot-test programs, 10 wait several years until the first impact
results are available, or to conduct a priori market assessments or DSM-resource
assessments. By looking at the goals of program evaluation, rather than the methods used
to answer specific questions, we find that process evaluation is becoming a more universal
tool in addressing utility DSM concerns.

issues are addressed by one evaluation approach, others can be addressed by both process-
and impact-evaluation methods. While energy-savings and net-savings analyses are
addressed with only impact-evaluation methods, other issucs (like persistence of savings and
measure life) require both.

CONCLUSIONS

Process evaluations can help program planners, designers, and implementors in determining
appropriate ways to improve DSM programs. Process evaluations also provide valuable
information for deciding wmlmhmwmmmmtm
should be enhanced. Perhaps most importantly, such evaluations provide a vital tool for
interpreting the results of impact evaluation.

Process evaluation, at its most basic, is the assessment of program implementation for the

purpose of improving program delivery. With the increasing importance of DSM programs
and the growing scrutiny by utility staff. regulators, and outside parties, process evaluations
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are becoming vaiuable tools because of their timing, flexibility, and easy integration into
program operations.

Table 28.  DSM-program-evaluation components and methods

Impact Process
evaluation evaluation

Program savings
Load-shape impacts
Total savings
Net savings
Attribution of effects
Persistence of savings
Cost-effectiveness

NN SN,

NN

Program Optimization
[nfrastructure support
Measure life v
Program implementation
Market assessment
Technology assessment v
Customer preference and behavior

LANANANANN
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ANNOTATED BIBLIOGRAPHY

Jobn Reed

INTRODUCTION

This bibliography directs readers to works that are seminal to evaluation and energy
evaluation. Many of the items are infrequently cited in the energy literature but provide
important foundations on which the field of energy evaluation is built. No attempt has been
made to make an exhaustive list. For example. many of the high-quality studies from the
ACEEE Summer Studies series, the Chicago Evaluation Conference Proceedings, and EPRI
conference proceedings are underrepresented. We urge the reader to explore those sources

their importance, these works were also chosen for accessibility. Most of thase items should
be available in university libraries or through interlibrary loan. The list is presented
alphabetically according to the name of the first author under three headings: General
Evaluation Methods, Analytical Methods, and Energy Evaluation.

GENERAL EVALUATION METHODS

Cook. T. D.. and D. T. Campbell. Quasi-Experimenzarion: Design and Analysis [ssues for
Field Setrings, Chicago, IL: Rand McNally, 1979.

Energy-program evaluators are seidom able 10 conduct evaluations with classical
experimental design (i.., measurements taken before and after program implementation for
a control group and an experimental group with random assignment of subjects 10 the two
groups). Most frequently, encrgy researchers are faced with situations in which they are
asked to perform an evaluation after a program has been implemented and for which no
control group is available. This volume, which is the successor to an earlier volume by
Stanley and Campbell, Experimenal and Quasi-Experimenial Designs, discusses just such
problems. The book begins with an excellent discussion of validity and then moves on (o
discussions of quasi-experimental designs, such as the one-group post-program design, the
post-program only with nonequivalent groups design, and the one-group pretest-postiest
design. Other designs arc also discussed. The book portrays a variety of statistical
techniques that may be used to reduce uncertainty about causality given the use of
quasi-experimental designs, Beginners in evaluation and even the mature researcher can
benefit from reviewing this book from time to time.




Dillman. D. A. Mail and Telephone Surveys, The Total Design Method, New Yoik, NY: John
Wiley and Sons, 1978.

The development, administration, and analysis of surveys is often poorly done because
evaluators underestimate the difficulties and complexities of doing a quality job. Want to
know how to word a question? Want to reduce the complexity of a question? Want to know
how to improve the response rate for a mailed survey? Want to know how to reduce the
cost of processing data once a questionnaire is returned? This volume provides answers to
these and other questions that may confront an evaluator. Highly recommended even for
the seasoned veteran of survey research, who can benefit from perusing this volume 1o see
if all the bases have been covered before that questionnaire is mailed or the telephone
survey begun.

Patton. M. Q. Crearive Evaluation, Newbury Park, CA: Sage Publications, 1982.

This is not your typical cookbook providing a recipe for how to do evaluation. Rather.
Patton says that the book contains “ideas, techniques. and approaches” that he "never taught
.. in formal courses" and that still are probably not a part of most courses in cvaluation.
What Patton does is provide methods thai he uses to creatively work with decision makers
and users of evaluation information. The book describes activities like flow charting, picture
thinking, story thinking, and simulation games. If you have troublc communicating about
evaluation with management and other decision makers, this volume will help. Evaluation
reports might be less dry and better utilized if some of these techniques were used.

Patton. M. Q. How o Use Qualitative Methods in Evaluarion, Newbury Park, CA: Sage
Publications, 1987.

In-depth interviews, direct observation, and the analysis of written documents. such as
speeches, diaries, program records, and open-ended written items on questionnaires. are the
main types of qualitative methods. Decision makers often view the iype of informanon
produced by qualitative methods with suspicion. However, if qualitative methods are applied
with knowledge and skill, the result can be relible and valid data that provide insight not
available from quantitative methods. As the author puts it, "Systematic and rigorous
observation involves far more than just being present and looking around. Skillful
interviewing involves much more than just asking questions. Content analysis requires
considerably more than just reading to see what's there.” This book describes how and when

(o analyze written documents as well as the data produced by observation and interviews.

The techniques described here are particularly useful for scoping a problem and for process
evaluation. They also may help in interpreting the anomalies that occur in quantitative data.
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Patton. M. Q. Practical Evaluation, Beverly Hills, CA: Sage Publications. 1982

This is another volume that is full of practical guidance. Patton's motivation for writing this
book was 10 call attention to the need for excellence in evaluation. The book contains the
"thoughtful® chapters. “Thoughtful Questionnaires,” "Thoughtful Interviewing," and
“Thoughtful Methods Decisions.” It also contains a chapter on "Managing Management
Information Systems.” which discusses the problem of managing data, which is often
overiooked, is little discussed, and can lead to severe problems. While mianagement-
information science has changed since this volume was written, this chapter is a helpful
reminder, and the information is still of value.

The book is very readable. Instead of being prescriptive, the author provides examples that
lead the reader to draw his own conclusions. For exampie, at one point. the author gives
examples of three styles of tabular presentation. Reading the text is almost unnccessary 10
grasp the point the author is making about presenting tabular data. This book contains
important reading, but unlike many books on evaluation. this is one that can be read wth
enjoyment and understanding.

Shadish. W. R., Jr., T. D. Cook, and L. C. Leviton. Foundations of Program Evaluanon:
Theories of Practice, Newbury Park, CA: Sage Publicadions, 1991.

This new book discusses :hawurknfmsn(lhumnumpemdnmumcnImm
Campbell, Weiss, Wholey, Cronbach, and Rossi to name a few. The book has several
purposes. First, it provides an intellectual history of evaluation so that the reader can
understand how and why evaluation practices have evolvec. Second, the book attempts to
broaden the perspective of evaluation practitioners by highlighting how the historical
circumstances in various sectors (education and mental health, for example), have shaped
the form that evaluations in those sectors have taken. This is useful because it helps to
enlarge our view of what evaluation is and the options that are available 10 practitioners.
It also helps to sensitize the practitioner to the ways in which the context of a problem may
shape the evaluation. Third, the book is targeted to policy-makers, who often make
decisions about evaluation without understanding evaluation and without consulting
evaluation specialists.

Energy evaluation as a specialty has been somewhat insular from the main stream of
evaluation as a discipline. At times, it scems as if energy-cvaluation practitioners have been
quick to reinvent the wheel and slow to recognize and to solve problems that have already
been dealt with in other sectors. mmdmmmummkmﬂ
parually remedy this problem.
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the fact that ownership and intensity of use were not incorporated into the model.
Nonetheless, the technique is well illustrated. With ownership and intensity of use
incorporated into the model. the results should be excellent. Conditional-demand analysis
offers a lower-cost alternative to end-use metering, especially if a utility already has remote-
meter-reading capability in place.

Fels, M. F. (ed). "Measuring Energy Savings: The Scorekeeping Approach,” a special edition
of Energy and Buildings, 9(1), 1986.

One cannot be in the business of energy evaluation for long without having to compare
energy-consumption measurements taken at different times (before and after a program) or
places (that are influerced by different weather conditions). Examples of such situauons
include comparing energy consumption for the same household in two different years and
comparing the consumption f different households with different monthly billing cycles.
Fortunately, adjusting the data to remove the effects of weather is straightforward. The
required data include whole-building meter readings and daily average temperature readings.
This volume, which is an excellent treatment of weather normalization, presents a series O.
papers that use and discuss PRISM. There is an excellent introduction to the subject by the
editor. Many of the remaining 15 papers present examples of the use of PRISM for
different building types (single-family and multifamily dwellings) and fuel types (electricity,
wood, and oil). Addiﬂonnlpapmmmﬂuth:remmtyuwmsm and other uses of
this model. If you evaluate programs with aggregate building d=:a, this is an important
collection of papers.

Loether. H. J.. and D. G. McTavish. Descripave and Inferential Statistics, Boston, MA: Allyn
and Bacon, Inc., 1976.

This is one of the best of the general surveys of statistics and cnc of the easiest to use. The
book does a good job of presenting the techniques so that they are easily understood.
Although it lacks discussion of some of the most recent advances, it covers most of the
descriptive and inferential statistics that an evaluator might use. It has a particularly strong
section on the analysis of cross-classification data, which is useful if you are analyzing
questionnaire or household data. [t also has a section on graphic presentation and analysis
that may be helpful if you use a microcomputer graphics software package to analyze or
display data. The book also does a good job of helping the user to understand when to use
the various statistical techniques. The book contains numerous sidebars that summarize
important maternal. Thnbmkhuﬁkmmﬂmmmmmc use of statistics
or if you need a quick refresher,
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Mosteller, F., and J. W. Tukey. Data Analysis and Regression: A Second Course in Staristics,
Reading, MA: Addison-Wesley, 1977.

The key to this book is its subtitle, A Second Course in Statistics.” This is a good follow-on
to the Tukey book on Exploratory Data Analysis and the Locther and McTavish volumes
described elsewhere in this bibliography. This is a book about regression analysis and not
a general statistics book. The book discusses what regression is and what regression
coefficients can and cannot tell us. [t discusses model fitting and what information can be
extracted from residuals. Most of us were introduced to statistics based on the normal
distribution. However, the energy researcher might find the beta distribution more useful,
especially for modelling the distribution of duty cycle of appliances, such as air conditioners.
The first chapter in this book discusses the strengths and weaknesses of the Gaussian
(normal) and beta distributions. if you need to use regression or to evaluate studies that
used regression, this text should be very useful.

Parti. M.. and C. Paru. "The Total and Appliance-Specific Conditional Demand for
Electricity in the Household Sector,” Bell Journal of Economics, 2(2), Spring, 1980, pp.
309-321.

in appliances and usage pattems. End-use monitoring provides excellent data but is
expensive. Mﬂumﬁwﬁmnﬁmﬂmmmﬂyﬁmuﬁﬁwmm
the data required for the analysis, Using information about household-specific apptiance
stocks. one can disaggregate total household load into estimates of energy consumption for
each appliance. The term »conditional® comes from the notion that you cither have an
appliance or do not. Regression techniques, in which the availability of appliances are
represented as dummy variables, are used to estimate the parameters of the component
demand functions. Add demographic variables, information about the size of the building
and the season, follow the recipe in this article, and you, 100, can estimate cncrgy usage by
appliance. For a slightly different use of this approach, see the Aigner article above.

Tukey, J. W. Exploratory Data Analysis, Reading, MA: Addison-Wesley, 1977.

This is the classic work on Exploratory Data Analysis (EDA). EDA is a series of techniques
that allows one to look effectively at data. mpwpunnlEDhi: to gain insight into data
when the patterns in the data or the meaning of data may be unclear. This volume
describes techniques that allow the user to look at data in new ways. Most of the techniques
(for example, leaf-and-stem analysis) can be applied with pencil and paper, although
statistical packages for microcomputers will now present the same data.
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Violette, D., M. Ozog, M. Keneipp, and F. Stern. Impact Evaluation of Demaid-Side

Managemens Programs: A Guide to Currens Practice, Vol. 1, CU-7179, Palo Alto, CA: EPRI,
1991.

As its titie implies, this volume focuses on impact evaluation. While it discusses many
general evaluation issues, it is dedicated to presenting the state of the art in impact analysis.
Important chapters on data collection, engineering methods, statistical methods, and
combining data from multiple sources are included. Each chapter discusses specific
techniques in detail as well as providing exampies. The strengths and weaknesses of the
various techniques are also discussed. If you need detailed information on specific impact-
analysis techniques, this volume is the place to start. (The reader should be forewamned that
this an EPRI document and that its use is governed by a license agr==ment. This may limit
its usefulness to organizations that are affiliated with EPRL) Most of the material in this
volume is available in other formats. but access is not nearly so convenient.

ENERGY EVALUATIONS

ACEEE 1990 Summer Studv on Energy Efficiency in Buildings, Washington. DC: American
Council for an Energy Efficient Economy, 1990.

These are the proceedings for the ACEEE 1990 Summer Study. The general foci of these
proceedings are buildings and encrgy technologies, but many other issues (such as
organizational behavior and decision making, evaluations of incentive programs, social
 stratification and appliance stratification, and efficiency and greenhouse gases) arc discussed.
In particular, one volume of the procesdings deals exclusively with the evaluation of DSM
programs. This conference alternates years with the Chicago Evaluation Conference. Ifyou
want 10 know the state of the art in energy-efficient technologies, this is the place to start.
Proceedings for 1988 and 1986 are also available.

Hirst, E. "The Hood River Conservation Project: An Evaluators Dream,” Evaluarion Review,
12(3), June, 1988, pp. 310-325.

The Hood River Conservation Project was a 5-year, $20-million research and demonstration
project to install cost-effective conservation measures in electrically heated homes in Hood
River. Oregon. The measures were aimed at the building shell to reduce electricity use for
SH and at WH retrofits. This article summarizes the remarkable and largely successful
efforts to design a comprehensive evaluation to address energy-policy issues important to the
Pacific Northwest. Evaluation results are presented concerning the number of eligible
households that participated, the number of recommended conservation actions that were
adopted. and the actual electricity use and savings that were achieved.
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Energy Program Evaluarion: Uses, Methods, and Results: Proceedings of the 1991 Intemarional
Energy Program Evaluation Conference, CONF-910807, Chicago, IL: National Energy
Program Evaluation Conference, August, 1991,

The International Energy Program Evaluation Conference is a biannual conference that
alternates with the ACEEE Summer Study. The papers in this proceedings include
evaluations of energy programs, discussions of evaluation methods, and discussions of the
practical problems of evaluating energy programs. This proceedings and its predecessor
volumes present the state of the art in energy program evaluation.

Nadel. S. M., and K. M. Keating. "Engineering Estimates vs. Impact Evaluation Results:
How Do They Compare and Why?" in Energy Program Evaluanion: Uses, Methods, and
Results: Proceedings of the 1991 Intemational Energy Program Evaluarion Conference,
CONF-910807. Chicago, IL: National Energy Program Evaluation Conference, August,
1991, pp. 24-33.

How good are enginesnng-esumates compared 1o the results of impact evaluations based
on billing or metered data? This paper examines the results of 42 studies in an attempt 10
answer this question. Impact-evaluation results are lower than engineering estimates for
residential retrofit programs, commercial and residential lighting programs, and low-flow
showerhead programs; and they are about equivalent for residential appliance programs,
new construction programs, and multiple-measure C&I programs. The reasons for the
discrepancies are erroneous assumptions in the engineering calculations, complex interactions
among measures, quality-control problems with the measures, and greater-than-expected
adoption of measures by nonparticipants. This work is un example of a metastudy that can
help guide better program designs and evaluations.

107-111.

This short piece describes an impact evaluation of a pilot lighting retrofit program for small
C&I customers offered by the Massachusetts Electric Company during 1985 to 1987. This
study is unusual because four methods were employed: engineering calculations, comparison
of pre- and postprogram daily kWh use with & control group, comparison of pre- and
postprogram daily kWh use with a survey on changes in participants’ encrgy-use parterns,
and conditional-demand analysis. The first and third methods were of questionable accuracy,
while the second worked well, and the fourth performed adequately but not without some
difficuities. This paper is 2 good comparison of the problems and promises of vanous
methods.
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Sumi, D. H. and B. Coates. “Persistence of Energy Savings in Seaule City Light's
Residential Weatherization Program." Proceedings of the 1989 International Energy Program
Evaluarion Conference: Conservation and Resource Management, Chicago, IL: National
Energy Program Evaluation Conference, 1989, pp. 311-316.

Because energy evaluation and DSM programs are relatively young, few studies deal with
long-term impacts of energy programs. This study is one of the few examples. This paper
s about the persistence of net impacts and not the persistence of savings from an installed
measure. The durability of net savings over the study years 1982-1987 was about 73%. The
study is well done, and the authors note some important limitations to their work, including
the lack of data on household characteristics that might have changed the estimates of net
impacts. [£ you are interested in the long-term impact of savings, you should study this
paper.

Train. K., P. Igneizi. and M. Kumm. "Evaluation of a Conservation Program for Commercial
ind Industnal Customers.” Energy, 10(10), pp. 1079-88,

This work studies the savings resulting from a conservation program directed ar C&|
customers in the Southern California Edison service area. After an energy audit, rebates
were offered to customers for installing items like time clocks, photocells, load controllers,
lighting-system changes, and skylights. The evaluation found that the cost per kWh of
savings was less than the average of fuel costs of generation, indicating that the measures
were cost-cffective. This study is important because it is one of the early studies of C&I
conservation and because of the techniques used to conduct the evaluation. Program
participation was estimated with logit models. Savings estimates were based on regression
techniques that ook into account nonweather factors influencing load (hours of operation,
square footage, etc.), weather-sensitive loads, and conservation-induced effects.
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SECTION 1 INTRODUCTION

This document describes lowa-Ilinois’ Moritoring and Evaluation
Plan for its energy efficiency programs.

1.1 Purpose of the Evaluation

lowa-Illinols’ monitoring and evaluation efforts have two primary
objectives. The first is to review program markets and
implementation, from start-up through maturity, identifying
effective strategies for program delivery and discovering barriers
which require attention. The studies that support these tasks are
known as market assessments and process evaluations. The second
major objective is to measure program benefits related to energy
(kilowatt-hour and therm) savings and capacity (kilowatt and peak
day therm) reductions; studies of this type are referred to as impact
evaluations.

It is important to recognize the distinction between the terms
monitoring and evaluation. Typlcally, monitoring refers to on-going -
tracking of the performance of a program. Uttility staff oversee the
activity of the program such as the number of participants, the type
of equipment installed under the program, amount of rebates, length
of time to process a rebate check, etc. Program monitoring occurs on
a routine basis, i.e., daily, weekly or monthly. Evaluation refers to
assessing the performance of the program over a longer but discrete
period of time, such as a calendar year. The program evaluation
consists of market, process and impact analyses. Designing program
plans which include both monitoring and evaluation activities
ensures a comprehensive assessment of the program on a short-term
and long-term basis.

Formal Evaluation Goals. This Monitoring and Evaluation Plan is a
follow-up to lowa-Illinols' energy e’Siciency plan which was
approved by the Iowa Utilities Board in an order issued January 29,
1992. lowa-lllinois has contracted with XENERGY Inc. of Burlington,
Massachusetts, and Madison, Wisconsin, to develop this evaluation
plan independent of any other program design and development
initiatives. In this manner lowa-Tllinois is assured of an objective
assessment of its program compliance with the rule making specified
by IAC 199-35.1 through 35.10. The development of specific
monitoring and evaluation plans is guided by the following
directives:

lows-llinois-R-1 /4102 1-1
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Monitor and evaluate programs for the duration of the
implementation period plus two years. [IAC 199-35.8(11)]

Monitor program performance. Create procedures for a data
base to track program implementation including monthly

customer contacts, installations, and expenditures. Compare
program progress to program goals and schedules.
Determine customer conservation installations and practices.
Assess operation arrangements and program management.
[TAC 199-35.8(11)"a"(1),2) and (3)]

Generate a full range of utility and customer cost data to
determine actual cost effectiveness of programs and program
components. Document actual installed measure and O&M
costs, including customer and utility costs. Document utility
overhead, marketing, incentives, administration, monitoring
and evaluation, and staff costs. Document savings, measure
costs and estimated OdM costs projected for specific projects.
Determine cost effectiveness of technologies and technology
packages. [IAC 199-35.8(11)"a"(4))

Provide quick feedback for interim program assessment
where necessary and to support ongoing improvements to
program design and implementation. Develop short-term
evaluation plans, where appropriate, that provide indicators
of program direction and magnitude of savings to insure that
programs are performing as anticipated. Develop schedules
for intermediate and long-term data gathering and reporting
activities. [IAC 199-35.8(11)"a"(5)]

Assess consumer decision-making to refinc program delivery
mechanistns and reach target segments in a cost-effective
manner. Coordinate program evaluation with market
research to determine the components of customer decision-
making for energy efficiency investments. Identify
opportunities and barriers for specific market segments to
optimize program delivery systems and develop reasonable
expectations for program market penetration. [IAC 199-
35801117

Determine the demand reductions and energy savings
attributable to the energy efficiency programs. Collect,
process and analyze data to determine the level of demand

lowa-lllinois-R-1 /4107
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reduction and energy saving acquired through specific

programs, and where possible by market segment, local area,
bullding type and energy efficiency measure. [IAC 199-
35801101

* Determine hourly load shapes. Collect, process and analyze
data to determine the impact of conservation neasures and
programs on customer, end-use, market segment, local area
and system load shapes. [IAC 199-38.5(11)"b"(1))

* Determine the reliability of demand reductions and energy
savings over time. Gather data over time after treatment to
determine the persistence of reductions and savings.
Consider external influences such as weather and eccromic
activity. Consider direct influences of occupant behavior,
structural and equipment operation changes which affect
electricity use and energy efficiency measure perforrance.
(IAC 199-35.8(11)D"(2),(3)]

* Develop monitoring and evaluation schedules that are
coincident with program implementation activities. [IAC -

199-35.8(11)b"(6)]
1.2 General Approach

The monitoring and evaluation plans presented are comprehensive
and recognize the complementary nature of market assessments,
process evaluations and impact evaluations. The approaches
described in this plan have been chosen to answer specific questions
for each program. As shown in Figure 1-1, thes» approaches
function in a coordinated manner. Some common data collection
activities provide data that may be used by one or more of the three
assessment and evaluation activities. Then the results of the market
assessment, process evaluation and impact evaluation are integrated
and presented.

One of the primary areas of interplay between process and impact
evaluation is data collection via surveys. Survey data are necessary
. to support impact analysis because they provide detailed
information on customers’ microdata that allows the investigators to
control for the differential effects of customer characteristics when
statistically estimating energy savings. Surveys also provide key

lowa-lllinois-R.1 /4742 13 —XENERGY
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SECTION 1 ' INTRODUCTION

data for assessing issues such as program satisfaction and free
drivers. These issues are important in determining the effectiveness
of program administration and delivery for process evaluations and
for adjusting gross impacts. Coordination of process and impact
analyses requires identifying data needs on a program-by-program
basis, and developing data collection strategies that meet these
needs. 5

The evaluation plans proposed for lowa-Illinvis exhibit three key
characteristics:

* Flexibility to facilitate adapting to program changes and
additional evaluation requirements.

* Multiple impact evaluation approaches that complement
engineering estimates and billing analysis with sample
metering and building simulation where appropriate.

* Outcomes designed to support optimizing lowa-Illinols’
energy eificiency efforts and filing for program cost recovery.

To assure that the impacts of iowa-Illinois’ programs are monitored
and evaluated carefully, two significant preliminary efforts are
included in these plans. Both efforts involve engineering estimates of
the impacts of the 1992 programs. An initial “shake down" analysis
will be performed in September 1992 to ensure that tracking data are
being properly collected and stored. Then a full “evaluation
implementation analysis” for the 1992 programs will be conducted
by March 1, 1993. These engineering estimates will produce gross
savings figures for programs and individual measures.

The evaluation plans for each program include, in addition to these
preliminary implementation wnalyses, complete long-term plans for
impact evaluations.

1.3 Tlmlirlrl:u

The program evaluation time-frame for this plan falls into three
periods. The implementation phase will cccur in early 1992. Late
1992 and 1993 is a ramp-up period to the maximum participation
levels. 1994 and beyond will represent program years where
persistence and degradation of energy savings may become evident.

lowa-lllnois-R.1 /4002 1-5
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SECTION 1 INTRODUCTION

To support lowa-llinols in their near-term and long-term planning
efforts and regulatory filings, program evaluation reports presenting
the results of the analyses will be prepared. Table 1-1 describes the
results that will be included in each report.

Periodic Review of Evaluation Plans. Specific items contained in

the evaluation plans will be subject to frequent periodic review once
the evaluation projects begin. These items include sample sizes, the -
use of site visits, evaluation schedules, and general approaches and
methodologies for the analysis. There are several reasons for this
further review and development, many of which hinge on

information not currently available, or the likelihood of changing
situations.

Changing situations could include wide variations in actual versus
projected program participation rates, shifting and emerging
implementation or evaluation objectives and issues, or field
situations and evaluation costs which may be different from the
expected. For example, If program participation is significantly
higher than expected, then the planned sample sizes for customer
surveys may no longer be appropriate. In this case, sample sizes
would be revised and resulting analyses based on the latest
participation rates. If the cost of site visits is significantly higher than
anticipated, then Iowa-Illinois could reconsider the usefulness and
the scope of the site visits. If field situations or general market
conditions exist which are unexpected and significantly affect or
alter program implementation, then lowa-lllinois and XENERGY can
revise the affected evaluation plan to address these changing
conditions.

1.4 Outline of this Report

Following this introduction (Section 1), the questions to be addressed
by the evaluation and the approaches the plan will take to answering
them, are presented in Section 2. Proposed budgets for the different
components of the evaluation are given in Section 3.

A separate section is then devoted to each of the individual
programs to be evaluated (Sections 4 through 11). These sections
provide the program-specific plan details.

lowa-lMinois-R-1 74002 1-6




SECTION 1 INTRODUCTION

Table 1-1
Summary of Evaluation Reports
Oct. Mar, Mar, Mar, Mar,
92 93 bl 25 96
Filing with IUB 3 >
Impact Resuls
Adequacy of Tracking X X ¥ v
Database Data
Engineering Estimates 5 X X 23,4
ol Program Impacts
Preliminary Results 1(
of Metering/Billing v o
Resuls of Billing : g X X
Analysis (with 1 full year for 82 for 83 for 94
posi) prog. prog. prog.
P timat A X
ersistence estimates
for @ f
{2+ years post) 2 9;?'93
Process Hesulls
f
Start-up Review v X
X
Customaer Satisfaction X X
Detailod foegback on X X X
procedures, eic.
Key: +. Preliminary or Minor Results
X = Major Results
lowa-Ninos-R-1 /402 1-9
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SECTION 2 EVALUATION QUESTIONS AND APPROACHES

2.1 Questions to be Addressed by the Evaluation Plan

Assessing the performance of a demand-side management program
requires a methodology that addresses all the aspects of the program
and recognizes the interrelationship between the customers, trade
allies, and the utility. The following section describes the questions
that the evaluation strategy presented in this document is designed
to answer.

2.1.1 Market Assessment Questions

Market assessments utilize information from surveys of random
samples of all customers, program participants and non-participants.
This information is used to determine customer market profiles, the
market potential for energy efficient products and improvements,
and whether systematic differences exist between participants and
nonparticipants. Market assessments also assess barriers to customer
acceptance. Market assessments differ by market sectors and
technologies. They are tailored to the overall characteristics of
residential and nonresidential markets, the trade allies supplying the
equipment and key customer characteristics.

In this plan, the market assessment is in many cases incorporated as
a component of the process evaluation. In addition, some of the
results of the market assessment will be incorporated in the impact
analysis.

The questions to be addressed by the market assessment relate to
the following key issues:

* Issuel: Appraisal of Current Market Penetration

How does actual program performance compare to expected
achievements and goals, by measure and market segment?
What are specific aruas of over- or underachievement? What
is the remaining market potential that can also be projected.

* Issue 2: Distribution of Participation by Market Subsector

What are participation rates of the retrofit/repiacement
market as compared to those of the new purchase market?
What are participation rates by type of dwelling, type of
business and other market segmentation criteria? Answers to
those questions can help target future marketing efforts and

lowa-lllinois-R-1/402 21
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help improve impact estimates. This activity requires
coordination between impact and process evaluation efforts

* Issue3: Determination of the Trade Ally Energy Efficien:
Product Inventory and Ordering Practices

What is the effect of the program on stocking and ordering
practices for energy-efficient equipment? Resulting changes
in inventory distribution can be factored into calculations of -
program cost-effectiveness. This activity requires
coordination between impact and process evaluation efforts.

* Issued: Determination of Stztus of Replaced Equi pment

What is the disposition of replaced equipment? Replaced
appliances and equipment can be tracked by surveys and site
visits to see if they remain in the service territory. The extent
of resale or reuse of old equiprment can be estimated and
factored into calculations for program cost-effectiveness.
This activity requires coordination between impact and
process evaluation efforts.

2.1.2 Process Evaluation Questions

The process evaluation will serve to qualitatively and quantitatively

assess the performance of each program. It will reflect the

customers’ (participants and nonparticipants) perspectives, program

staff views, and the trade ally.

The seven key Issues generally applicable to all programs’ process

evaluations are discussed below.

* Issue1: Document Program History and Progress

The history of a program’s development often contains
important clues “» understanding program design and
implementation decisions. A review of history is also often a
tool for guiding recommendations for program refinements
What are the significant factors in the program history and

. accomplishmenis to date? How have these factors affected

the major program design decisions?

These questions will be addressed through a review of
relevant planning documents, program descriptions, annual

lowa-llinols-R-1 /4P.82
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and total goals and objectives, periodic reports of measures
installed, costs incurred, interviews with program staff and
trade allies. The sources for this review will include
documents developed by lowa-Illinois, the lowa Utilities
Board, the Office of the Consumer Advocate, and other
relevant sources.

* Issue 2: Program Targeting and Delivery

Although the lowa-Illinois energy efficiency programs will be
offered system-wide, there will be some variation in the types
of targeting done, such as the lists of interested customers
and matches between measures and customers’
equipment/fuel combinations.

Questions concerning target marketing and program delivery
may include:

1. How were contractors selected?

2. How Is contractor performance reviewed by lowa-
Dlinois? What incentives or penalties are built into

contractor performance review?

3. How much operational discretion do contractors have to
make decisions In the Seld? Does lowa-Illinois exercise
an appropriate level of control over the day-to-day
activities of the contractors?

4. What are the particular strengths of the instal'ation
process? What changes are needed to remedy any
weaknesses? What actions by Iowa-lllinois and other
Involved parties will serve to support the program at a
high level of quality?

5. Are the materials and measure installations provided at a
high level of quality? Are the rebated measures at an
appropriate level of technology and reliability?

6. Are all installations complete, and are completions
achieved within a reasonable period of time?

7. Are the contractors providing the installed materials at
the agreed costs? What difficulties have they encountered

lowa- Minois-R.1 74D.42 23
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in assuring adequate supplies of necessary materials?
What installation problems have been identified?

* Issue3: Identify Barriers to Participation

Iowa-Illinois has two principal concems in marketing its
energy efficiency programs in a diverse and widespread
territory. Are customers who might benefit most from the
program aware of it? Do they understand how the program .
will benefit them?

A key evaluation question is whether the energy efficiency
program s readily available to, and is being utilized by, the
customers for whom it is principally intended. Are
customers who are motivated to seek out the service able to
easily gain access to it? Do customers who are solicited by
lowa-[llinois or its contractors understand what is being
offered to them and can they accept the services on the basis
on which the offer is made?

Barriers among the rural communities are likely to be those of
gaining access to the program. How easy is it for an
interested customer to apply for and receive service? How
long must customers wait from their expression of interest in
the program to receiving services? Are contractors in
sufficient contact with customers to minimize waiting time
and missed appointments? How many visits are 1equired to

complete the process?

* [Issued: Evaluate General Program Satisfaction and
Satisfaction with Specific Measures, and Estimate the
Retention or Removal of Measures.

There are several aspects of customer satisfaction which are
relevant to a complete understanding of customer

perceptions of energy efficiency programs. Some of the
questions to ascertain customer satisfaction include:

1. How easy was it for customers to sign up for and receive
the service?

2. What were customers' expectations of what would be
provided? How did those expectations match the reality?

lowa:[linois-R.1 f41-02 24
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5. Does the customer believe that lowa-Nlinogs provided a
valuable service? by they believe they are directly
benefiting from the service?

* Issue5: Asgeqy Effectiveness of Marketing angd
Promotiona) Materials

hearing or Seeing promotions for the program: and what they
leamed from reading any educational or Promotional
materials. In addition to data gathered during customer

*  Issue g Identify Improvements for Program Design,
Administration and Delivery Procedures,

To assess the Operational effectiveness of the energy
efficiency Programs, the foilowing questions will pe
* answered:

1. Does the Program reach its Intended marker?
Who is the Program serving? Are they the customers

intended? \Whay commective measures can be taken to
refocus on the intended largets of service?

Iaw-mu-az.c-k-u-li‘-lz 2.5
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3. Dothe Procedures, forms, ang Purchasing ang Teporting
ts support or Inhibit effectiye Program

What is the administratiy, Organization of the Program»
Do H\e'dn'dmu-.uve Systems suppory Bathering,
nalyzing and Teporting of the information ip, , timely,
Cost-effective manner?

Are there clearly delineated Production ang expendityre
goals forlo"l-mlml.s and for contractors> How are these

What changes in administratiye Organization or the
Organization nf Internal ang external reporting and
information wiy Serve Lo optimize Program delivery?

Issue 7: Qlu.lllluvely Assess Free-Ria‘ers, Free-Dyivers and
Snapback Effects,

R Al
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Questions to be addressed in this area include:
- What actions would Participants have taken without the

These questions will pe qualitatively addressed by asking
Customers about their energy-related decisions and behavior,

2.1.3 Impact E valuation Questions

The purpose of the impact analysis is to quantify the energy and
demand impacts of the program. "

* Issuel: Energy and Demang Savings

The Principal objective of the impact evaluations is to
determine the summer Peak demand reduction and annual
energy savings by Measure, measure category, and for each
Program as a whole. What were the amounts of the
reductions actually achievad? What are the net effects of
changes in weather and economic conditions?

multiple estimation methods. The use of multiple analy<es
will provide corroborating evidence to support the
reasonableness of the estimated impact.

*  Issue2: Free-Rider, Fut-Dﬂvcr, and Snapback Effects

What are the free-rider and free-driver effects? What are the
net effects of these factors on Program reductions? To what
extent would customers who chose to Pparticipate have been
expected to save? Would that be more or Jess than
nonparticipants, even without the program? Whay degree of
takeback (snapback) i evidenced by Program participants?

lowa-Wingis. g1 /4p.a2 2.7
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* Issue 3: Assessment of Measure Life and Persistence

What is the expected life of the installed equipment or
structural changes? How long do the measures remain in
place and operational? These questions will be addressed
using annual household and business surveys and by site
visits to a sub-sample of residences and businesses. Site visits
will verify that installations actually did occur and have
remained in place. Site visits will provide broadly
representative estimates which are understood not to have
high levels of precision due to limited sample sizes.
Degradation of savings will also be addressed through
annual updates of participant and nonparticipant cohorts
with another year of billing histories.

* Issue 4: Cost Effectiveness

Results of these analyses when combined with the results of
the process evaluation provide the information necessary to
calculate the cost-effectiveness of the program from the
customer, utility and societal perspectives. Program net
benefit to lowa-Illinois will also be derived.

* Issue5: Validation and Refinement of the Assumptions
Used to Derive Engineering Algorithms.

How accurate were the initial assumptions? What
improvements can be made? Research results should help
determine the difference between estimated reductions and
savings and those achieved. This information will be used to
refine the estimation methodology for planning and recate
calculations. A related benefit will be identification of
systematic errors in data collected for engineering inputs and
needs for other data.

* Issue 6: Determinatior. of power factor Impacts.

Most energy efficiency technologies reduce reactive load.
Some energy efficiency technologies, however, may replace
resistive load with new reactive load, for example, compact
fluorescent lamps with extremely poor power factor that
replace resistive incandescent lamps. Data gathered from
participant applications, surveys, and site visits that describe

lowa-lincis-R-1 74F-02 2.8
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technologies used for implementation can be used to
calculate changes in customer power factor.

2.2 Summary of Evaluation Approaches
2.2.1 Process and Market Analysis Methods

The overall methodology for the process and market evaluations of
lowa-Illinois” DSM programs is similar across programs. The

general approach for process evaluation is presented in this section.
Tasks that pertain to a specific program are fully described in the

individual plans. Table 2-1 shows the similarity across programs.

The evaluation will rely on both primary and secondary data

sources. It is anticipated that the following data collection and
analysis activities will be performed. Their integration into the
overall evaluation plan’s tasks are described more fully below.

* Review of program database and tracking system, including -
examination of selected program application forms.

., * Interviews with utility program planning and implementation
staff.

* Interviews with parties either involved with program design
or significantly affected by the program.

* Participant surveys, including both the on-going “satisfaction”
census of participants and annual surveys

* Non-participant surveys.

* Trade ally surveys.

* Focus groups with trade allies and community groups (where
necessary),

To the extent possible, data collection activities will be coordinated
between programs. For example, data collection requirements for the
residential high efficiency equipment rebate program may overlap
with those of the residential new construction program.

Data collection activities will be phased in over a two-year period.
This reflects different evaluation task requirements, and gradual

bowa-Hlinois-R-1 /41802 9 - —HENERGY
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B. Residential Programs

Table 2-1 {Continued)

Methodology

Weatherlzation High-Elliciency R
(R-1) (R-2)

Tracking System

* Reviaw ol Documentation and Precedures

* Raview of Program Forms

* Raview ol Training Documents

= Trade Ally Interviews

* Interviews with CAP Agencies

* Focus Groups

Financial Communily, Property Mgrs., elc.

Participant Group
Customer Surveys

* Paricipani Surveys
* Nonparticipan! Surveys

¢ NOILO3S

New Construction
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The first step in reviewing each program’s history will be to examine
current program offerings, marketing materials and internal utiliey
memoranda addressing the program design process. Based on the
findings from this review, the evaluation contractor will develop an
interview guide to be used during the initial interviews with lowa-
Dlinols program planning and implementation staff. The interviews
performed during this task of the program evaluation will be semi-
structured, allowing the interviewer to probe responses in =~ore or
less detail as required, and to follow up on areas of interest not

previously considered.

Based on the initial interviews with lowa-Illinois staff, the program
contractor will provide for review and comments on the following;

o Revised interview guide.
* List of individuals and groups to be intervie::ad.

Based on comments from the lowa-lllinois evaluation staff, the
evaluation contractor will incorporate any changes to the interview
guide and make any additions or deletions to the interview list.

The interviews for the non-utility parties will be made either in-
person or by phone. For parties with a major contribution to, or a
major stake in, the program, the interviews will be in-person (where
practical, given Ume and budget constraints). Specific issues to be
addressed to all groups during the interviews include, but are not
limited to:

* Roleand rehﬁomhlp of group to current program design
and implementation.

* Specific concerns and how they were addressed and resolved
during the program design phase.

* Program design o tions considered but rejected, and why.

* How program design decisions were made regarding the
following: '

- Incentive levels

- Measures included or excluded from program
- Measure eligibility criteria

= Marketing methods and materials

lowa-linois-R.1 f4P-02
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Trade ally training

Inspection and verification procedures

Program staffing

Program goals

Task2: Examine Program Targeting and Delivery. As noted above,
the design and implementation of a DSM program requires the inpy;
and active participation of a varied group of interested and affected
parties. As a result, Iowa-lllinois’ marketing efforts will be targeted
to different groups and, ideally, the marketing message tailored to
the intended audience. In this task the results from the participant
and nonparticipant surveys, the program interviews from Task 1,
trdde ally focus groups, and the marketing material review in Task 5
will be synthesized to determine If the program has correctly
identified the program’s target markets and whether these efforts
have been successful in generating program participation.

L] L] L] L]

Review of the participant and nonparticipant surveys will allow an
accurate demographic characterization of both populations,

* Type of home or building type.
¢ Urban/suburban/rural distribution.

* Home/facility size.

For participants, these data will be cross-tabulated Ly program
measures installed. Additional analysis of these data will be
performed to determine how the decision to participate was made
and what the primary factors were that influenced the decision.
Similarly, which party was the primary decision maker in deciding
to participate? Finally, what program components and marketing
approaches were most and least effective and why?

From the nonparticipant survey results, the analysis will determine
reasons for not participatir 3. These findings will be used both in this
task and in the subsequent tasks: Barriers to Participation and
Review of Program Marketing Materials. The nonparticipant
analysis will address:

* Level of program familiarity

* Sources of information on program

lowa-[llinolsR-1 f4M02
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* When problems arise, do the curreii administrative Procescey
provide an adequate means for resolution?

The evaluation contractor will summarize the findings in this task
and they will form the basls for Task 3, Identify Barriers to
Participation, and Task 6, Recommended Program Changes.

Task 3: Identify Barriers to Participation. This task will review the'
results of prior data collection efforts and synthesize and summarize
barriers, both real and perceived, to program participation. This
program evaluation component will address and resolve the
following questions regarding program participation:

¢ Are the program’s benefits being clearly conveyed to the
major target groups in this program, particularly to these
groups and individuals who have been identified as primary
decision makers regarding program participation?

* Is the current program design and associated training and
marketing failing to address certain program benefits?

¢ What are the perceived costs associated with program
participation? Can they be ameliorated or can they be
addressed in such a manner 50 as to lessen their impact?

*  Why, in the view of participants, do the prog:am benefits
outwelgh the costs? Coaversely, among nonparticipants,
why do the costs outweigh the benefits, or are they not
making a decision to participate because of inadequate
program awareness?

Each of these issues will be addressed as a set of expanded questions,
both open- and close-ended, during the data collection efforts. The
program’s benefits and costs will differ by respondent group.

For the trade allies, program benefits include the utility incentive.
However, the perception of the magnitude of this benefit may be
based significantly on how much of the incremental cost the
incentive covers for any measure. Program costs include the time
involved in dealing with program paperwork and inspections, and
any effect these may have on the project schedule and cost.

lorwa: Mlinois-R-1 /442
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Task 4: Determine Overall Program Satisfaction. Similar but
different questionnaires will be administered to each participant for
each program. Comhmymn;ﬂwmwcymmu will be
assured to allow direct comparison of results, where appropriate. In
addition, each respondent group will be queried regarding the
performance of all the other groups (Le., trade ally, utility). Each

p will be asked a similar set of questions pertaining to the utility

program’s staff performance and program operation:

« Clarity of application paperwork and ease in filling out the
forms.

« Satisfaction with incentive levels.
« Timeliness of utility staff in processing applications,

completing installation inspections and verifications, and
issuing rebate checks:

«  Accessibility of utility program personnel.
+ Technical mmp&tm of utility staff.

«  Adequacy of utility marketing of the program.

Task 5: Determine Effectiveness of Marketing Materials. This task
will serve as a continuation of the marketing review undertaken in
Task 2. The goal will be to qualitatively and quantitatively assess the
effectiveness of the program’s marketing materials. This
determination will be based on the participant and nonparticipant
surveys and the interviews and focus groups (where appropriate).
These groups will be asked whether the program'’s benefits, as
defined by lowa-lllinois, are clearly stated and effectively conveyed
by the marketing materials. Where different materials and different
marketing approaches, e.g., direct mall, counter displays, etc., have
been employed, the relative effectiveness of each will be determined.
The evaluation contractor will also review the program’s marketing
budget to determine which markéting approach appears to be most
cost-effective.

In addition to reviewing the responses to the marketing materials,
the evaluation contractor will review all marketing materials and
provide a written assessment of the graphics, program presentation
and lost opportunities not addressed. Similarly, the marketing
schedule will be reviewed to determine if information is being

lowa lllnois-R-1 /4002 219 !
—XENERGY

o=‘-‘ 4 he et




SECTION 2

EVALUATION QUESTIONS AND APPHOACHEH
—_...__‘::

distributed in a manner consistent with construction timelines -m:.:
decision-making criteriz associated with new residential
construction. '

Task 6: Review Ulility Program Management and Administration
and Rmmamhhwthw Efficiency. The
evaluation contractor will review each step of the utility’s
ldmhﬂmumofthcwmypmgm This review wilj
:humhﬂ:ﬁaughumﬂhmmmgdmhuuu _

problems and apply corrective action. Potential administrative
bottlenecks will be identified and recommended changes suggested.
Program staffing levels will be reviewed in relationship to the

program’s goals through the year 2000.
* Program tracking database/ Program application forms
- Dnuumhmmumm&ummry
information for this and subsequent process and impact
evaluation?

- Are useful program data collected on program forms, but
not being entered into the database?

Are applications being processed in a timely manner?
How are blank fields being handled?

- Isinformation being accurately transferred from the
forms into the database?

* How easily can information in the database be accessed?
What are its report generation capabilities?

* Arelines of authority clearly defined among the program
staff?

* Are program responsibilities both defined and understood by
the relevant individuals?

lowa-NMlinois-R-1 /74082
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* Are program goals viewed as realistic and attainable given
current and projected program resources?

* How are problems addressed by the program staff? Are
mechanisms in place to insure that they are resolved quickly
and effectively?

* What financial reporting requirements does the program
have? Are costs being properly allocated and tracked?

Task 7: Assess Program Free-Ridership and Snapback Effects. The
evaluation contractor will employ a variety of methodologies to
measure program free-ridership and snapback effects. In general,
two primary approaches will be used to measure these effects. The
first will survey participants and nonparticipants on measure choices
and occupant behaviors, while the second will compare pre- and
post-program activities.

For program free-ridership, the participants wili be asked what
equipment they install and what equipment they specified prior to
their program participation. Similar questions will be asked of non-
participating customers.

2.2.3 Impact Analysis Methods

This section describes the method of impact analysis the evaluator
will employ in the evaluation of lowa-Illinols’ residential,
commercial, and industrial energy efficiency programs. Cetails of
the analysis methodology will vary by program as conditions
require. Variations in approach can be required by factors such as
the timing of the analysis, lack of weather sensitivity in program
measures, size ol the program participant population and similar
factors. 1f a program requires a substantially different approach, the
evaluator will employ suitable alternative measurement
methodologies.

lowa-Illinois plans to complete an annual impact analysis for each
program in the field. The impact analysis plans presented in this
document typically involve the use of multiple estimation methods.
The use of multiple analyses will proyide corroborating evidence to
support the reasonableness of the estimatod impact.

The main goal of this impact analysis is to provide estimates of the
annual energy and demand savings that have been produced by the

lowa-lllnois-R-1 /4 P-#2
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lowa-lllinois energy efficiency programs. To do se, the most CTitica]
activity that must be undertaken from the outset of the DSM

program is to document DSM implementation activities that werp
taken by, or for, lowa-llinois customers.

The impact evaluation emphasizes the use of the lowa-[llinois
program tracking system to provide preliminary estimates of gross

energy savings per participant. Wherever practicable, billing
m!yhprmﬂnﬂuﬂmluﬂmntunfmumdnﬂsaﬁnp.buﬁ -

on changes observed in actual energy consumption. The billing
analysis is conducted in two stages. The first stage determines gross
savings for participants and nonparticipants. The second stage uses
multivariate analysis techniques to isolate effects of various factors,
and determine net program impacts. In some cases, billin g analysis
will be supplemented by special metering for more detail.

Tables 2-4 and 2-5 summarize the impact methodologies for
residential and non-residential programs, respectively,

For the first program year, calendar year 1992, each DSM program
impact evaluation will consist of the “implementation analysis”
described below. Analysis of billing or other meter data cannot be
performed for weather-sensitive technologies until at least one full
cooling or heating season has passed following installation.

In the second and subsequent program years, billing analysis will be
performed for all programs with sufficient participation. Billing
analysis will also be carried forward from year tc year so that
empirical estimates of the persistence of savings can be reported.

Implementation Analysis: Engineering Estimates. In essence, an
implementation analysis is an engineering analysis of installed
measures. For this analysis, the program tracking system is used to
aggregate expected energy savings, by end use, by measure, or by
any other key variable that may provide useful information to the
utility, such as geographic areas. The details of the implementation
analysis are described in Section 2.4.1.

Engineering estimates will play several roles in the impact
evaluations of lowa-lllinois’ programs. Perhaps the simplest is the
projection of anticipated savings for programs before
implementation. These projections, from the program plans, guided

lowa-Minois-R-1/74P-02
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Table 24
Summary of Impact Methodologies - Residential Programs
R2 R6
Wmh:‘hﬁm 'ﬂ" Gnn::: etion

Bllling Analysls

waather adjustmant yes yes yes

pre-pos! yos yos o

:\Em uﬂl;. yos ys . tundamental

peak impacts small moderale moderate
Sample Design

install vs. insulation 5 fsmall Hﬂ*ﬁ.’l

sample size 1200/ear uimu;- Census ’
Panticipation Modaeling

sel-selection eflect smal moderate moderat~

logt P model I-level yes yos

discrale choice lree yos yos yes
Additional Data Collection

On-site audits 100/year 100/year 100/ year

Special metering

operating hours none nong nong

end-use interval none none none
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decisions about the programs being developed, and in many cases
can guide decisions about the programs as they are evaluaied.

More important will be engineering estimates based on data for the
current programs as actually implemented. For programs and
measures that can be evaluated via billing analysis, the engineering
estimates will provide preliminary estimates several months before
the billing analysis results will be available. Thus, engineering
methods will be used to provide initial estimates of 1992 program
impacts before sufficient billing histories have zccurnulated.
Subsequent comparison with these results will then indicate possible
problems with the installations, with customer response to the
measures installed, or with the data collected as a basis for the
eering estimates. Some of these possible problems will be

investigated through the process evaluation. An additional role for

the engineering estimates in conjunction with the billing analysis is
to provide a basis for allocating total customer savings to individual
measures installed.

For some types of programs or measurements, billing analysis
cannot provide meaningful savings estimates. Billing analysis alone
cannot measure demand (kW) impacts, except for demand-metered
customers. For C&I programs that are tailored to individual
customers, it may not be possible to establish a meaningful control
group. In fact, if the DSM measures accompany other major changes
at the facility, it is not possible Lo obtain even an unadjusted, gross
savings estimate. Programs with small per-customer impacts or
small participation levels may also be difficult to assess reliably with
billing analysis alone.

For such situations, engineering analysis wili be the priraary basis,
for assessing savings. Wherever possible, the engineering estimates
will be combined with information from billing histories or from
special metering, to provide a stronger analytic foundation. In
addition, experience gained from the billing analysis comparisons
will help improve the engineering estimates even for cases where
billing analysis is not possihle.

Implementation analysis is driven by reported measures and their
associated costs. In addition, the reliability of the program savings
estimates Is a function of the detail and building-type specifics that
are reflected into the engineering equations or "algorithms.” To
insure that high quality estimates are available from the tracking
system, XENERGY proposes to review the database and to enhance

lowa-lllinois-R-1 /4P"-82
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the algorithms on a case-by-case basis. XENERGY refers to this
methodology as an "enhanced engineering analysis” approach to
estimating energy savings, -

Further, the engineering analysis will leverage the billing data

analysis to improve future engineering-based estimates of program
impacts. The billing analysis and customer survey data include
achieved savings and customer characteristics, which can increase
the accuracy of the benchmark data set used in the engineering
analysis models.

Stage 1 Billing History Analysis. The first stage of savings
estimation from billing data will rely only on these data. To

statistically estimate program-related energy savings using billing
histories, the evaluation will follow a pre-/post-installation,
comparison group, quasi-experimental design framework. In this
design, an account's annual energy use, calculated as the aggregation
of monthly or periodic billing meter readings, is compared before
and after energy efficiency measures have been installed. Long-term
weather data and weather data for the analysis period are used to
normalize pre- and post-installation consumption. To strengthen the
research design, pre- and post-installation energy use for the
participant group is compared to the energy use of a group of non-
participants. The inclusion of nonparticipants in the research design
offers a means of netting out the effects of general economic trends

and free-ridership from changes in energy use that are due to

program participation enly. The non-participant adiustment also
corrects for any systematic errors in the weather normalization

procedures.

The advantages of these statistical analyses are clear:

* The resulting estimates reflect the savings that actually
occurred, as observed in the customer’s bill. They necessarily
incorporate any snapback effects, actual usage patterns, and
actual appliance ch racteristics.

* Because more economical billing data are used, rather than
expensive metered data, larger samples of customers can be
used in the analysis. Billing data can be obtained for
customers for a period before and after participation in the
program. Large samples allow for greater statistical precision
in estimating savings.

lowa-lllincis-R-1 f4 =2
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For some programs, there is no Pretreatment condition, and/or no
valid comparison group. Spedial adjustment procedures are used to
derive net program impacts in those cases. However, the Stage 1
billing analysis may be similar,

When valid pre/post periods and comparison groups can be
defined, the primary limitation fs that the savings from some
measures might be too small relative to the customer's total
consumption to be captured in the analysis of the customer's
monthly bils. In most cases, however, the measures the customers
install can be expected to cause a sufficient decrease in the
customer’s bill to be detected by the statistical analysis, ;
Furthermore, it may be possible to identify relatively small savings
by using the approach of entering the engineering estimates as
explanatory variables in a Stage 2 model. .

Stage 2 Analysis of Program-Related Energy Savings. The second
stage of the billing analysis incorporates other customer information
to refine tlie estimates of program performance based on billing
histories alone. While the Stage 1 analysis offers preliminary
estimates of gross and net energy savings, the reliability of the
findings rests almost entirely on the assumption that participant and
nonparticipant groups are, on average, similar in their energy use
profiles and energy-related behaviors. To a limited extent, the
sampling plan for an evaluation can attempt to assure comparability
by matching participants and nonparticipants on critical variables.
Nevertheless, there is wide room for differences to be present
between groups. i

To relax the "all things being equal’ assumption, account-specific
data'will be collected via surveys. These surveys will be
coordinated with the process evaluation portion of the study so that
the objectives of both parts of the study can be achieved with a single
data collection instrument. The focus of the survey for the impact
evaluation will be on information that could be used to control for
non-program changes that could have affected erergy use during the
study period. In particular, information on participation in other
energy efficiency programs, independently-initiated energy
conservation investments or improvements, and general changes in
the bullding/equipment structures or functions, will be sought.
Other household-or business-specific information, such as the square
footage, size of household or number of occupants, and heating/hot -
water fuels will also be sought if they are not present in the program
data tracking system.
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PRISM diagnostics also provide a means of calculating the accuragy
of peak-day savings estimate.

As for the annual energy savings, the PRISM-based estimate of Ppeak
day savings is for the whole unit, riot for individual measures. The

There are a number of models which could be used for this detailed
analysis. The two best candidates are ESPRE™ developed by EPRI
and CALRES™ developed by the California Energy Commission.
Consideration must also be given to non-heating and cooling loads.
Specifically, water heating, refrigeration and lighting end uses are
subject to program measures. We will Identify and justify the best
models (or load shapes for non-HVAC end uses) appropriate to
Iowa-Illinois. Some models may support a gas peak day analysis to
be used along with the PRISM peak day analysis. The evaluater will
select an appropriate model in the context of the project.

Regardless of model selection, the Integration process will make use
of the best available lowa-Illinois data for calibration and the final
billing analysis estimates will be used to congtrain the peak impacts

five steps.

Select a group of customers to be modeled. The group mav be
selected based upon specific customer characteristics or upon the
availability of engineering model Inputs. Consideration can also be
given to the availability of metered data, either end use or whole
building. This will be resolved separately for each program.

lowa:lllingis-R-1 442
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Step Two
Calibrate the Model. This may not be a statistical recondiliation

depending upon data availability. However, the

analysis and adjustment process will 2t a minimum be a validation
against some level of lowa-lllinois data to assure the reasonableness
of the analysis. For non-HVAC end uses, this step may simplify into
the collection of lowa-Illinols end-use data being develnped for other
program evaluations. At this point the objective is todevelopa -
representation of hourly end-use loads in the lowa-Illinols service
territory, for conditions in that territory.

Step Three

Simulate loads over the course of a year. This step will generate two
outputs. First, peak day and annual energy data will be developed.
Secondly, hourly profiles for the system peak day will be generated.

Step Four
Develcp the relationship between peak day and annual Impacts. The

ratio of peak to annual energy from the simulation model provides
the consistency link to estimated annual energy impacts. This ratio
can be applied to each measure estimate (by end use) to generate the
estimated peak day energy impacts. The net to gross adjustment can
next be applied after the first year billing analysis.

For gas, the peak day analysis is complete. For electricit y savings
measure the peak hour is addressed in Step 5.

Step Five

Analyze the hourly change in the end-use demand. For each
measure we can have the daily total impact. Some measures
represent a constant savings while others are proportional to use.
For example, water heater wrap impacts are a function of losses, not
usage. Insulation saving air conditioning is a function of the pattern
of cooling requirements. For constant savings measures any peak
hour impact is estimated at one-twenty-fc arth of the dally energy
Impact. For usage-proportional measures, the fraction of the utility’s
peak hour usage to peak day usage times the peak day measure
impact is the appropriate demand impact.

Persistence and Degradation. Persistence will be explored through
the participant surveys. Questions will be designed to assess
whether each technology is functioning satisfactorily from the
customer’s perspective. Analysis of the responses will signal the
need for additional investigation by lowa-Illinois staff. Verification

— —
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of installation and continuing operation will also be provided by g
site inspections. Ten case studies of each technology will be
performed from a mmpkﬂfplrﬂdplms who have had th,

technologies for at least six months. The sample for each program
year will be tracked by follow-up phone surveys in subsequent yeypy
through the end of measure life. Any problems so identified will be
pursued by on-site visits by program or evaluation personnel where
appropriate. '

Degradation will be tracked by longitudinal studies of repeated
billing analysis in subsequent years. This will address both
behavioral (snapback and educational effects) and technology
performance aspects on a net basis.

2.2.4 Impact Evaluation Tasks

A similar sequence of tasks will be used for all the impact
evaluations. The tasks for the residential Programs are summarized
below. Details or exceptions for the individual programs are
discussed in the sections on each program. The impact analysis for
the Low-Income program is being conducted separately, as part of
the statewide low-income program evaluation. For the non-
residential programs, similar steps are followed, but the approach
varies more across programs.

The following describes the tasks that will be undertaken for the
impact analysis.

Task 1. Select Samples. The participant and nonparticipant
samples will be drawn according to the guidelines described in
Section 23.2. The proportions of customers in each category of
billing completeness will be determined. For the participar.t sample,
the distribution of participation dates will be determined Tracking
information will be linked to the billing records.

Task 2. Collect Survey Data. The participant and nonparticipant
surveys will provide socioeconomic data including:

* Appliance saturation;
* Size of household;

* Appliance usage information,

lowa-lliinois-R-1 /4002
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* Fuel type data; and
* Occupancy patterns, etc.

This information will be used as inputs to the engineering estimates,
as part of the implementation analysis. The survey will also collect
data required for the process evaluation.

Task 3. Conduct On-site Audits. An on-site audit will be
performed for a sample of participants. The sample will be stratified
by dwelling or bullding type. The purpose of the audits will be to
collect in-field data to verify the engineering assumptions. The
audits will collect information on dwelling or bullding characteristics
such as:

s Number of floors;

= Square footage;
» Insulation levels; and

* [Infiltration rates, etc.

Task 4. Refine Engineering Models. The on-site data will be used
to refine the input assumptions used in the engineering models.
Depending upon the final design of ths program, these data will be
incorporated into either engineering algorithms or a thermal
simulation model.

Task 5. Estimate Savings Using Engineering Models and Conduct
Implementation Analysis. The engineerinig models will estimate the
savings attributable to vanous DSM measures and combination of
measures offered under the energy efficiency programs. When the
results from the process evaluation are available, the gross savings
produced by the engineering models wi'! be adjusted for free
ridership and snapback. This will be conducted in September 1952
and in March 1993, The first implementation analysis will serve as a
preliminary analysis of early program participation. The latter
analysis will be the basis for deriving engineering estimates for the
full program year for lowa-lllinois’ regulatory filing.

This task includes a comprehensive review of the data collected in
lowa-Illinois’ tracking svstem. The evaluation team will review the
quality and completeness of the database. Where necessary,

lowa-Minois-R.1 74002 2-33 —KEMNERGY

Ei- PR e D



SECTION 2

EVALUATION QUESTIONS AND APPROACHES

—

recommendations will be made to improve the data collection
process. The analysis of the data will characterize the type of

customers and dwellings participating in the programs. Ata

minimum it will include:

« The number of participants;

« A breakdown of participants by dwelling type:
+ The quantity md type of measures installed;

«+ The efficiency levels of measures installed; and

« Square footage of dwelling.

Task 6. Conduct Billing Analysis (Stage 1). As described in Section
1, analysis of billing data will be used to quantify the savings
impacts from the The analysis is a two-stage approach.
Stage one involves the comparison of weather normalized data.
Stage two utilizes multivariate regression models and statistically
adjusted engineering models to estimate energy savings.

Task 7. Conduct Multivariate Regression Analysis (Stage 2). This
task consists of three main steps, described i detail in Section 2.4.3.

+ Step 1. Develop the participation model. This step identifies
those factors that are associated with a greater likelihood of
participating in the progra. The model estimates the
likelihood of participation as a function of the factors
collected in the participant and nonparticipant surveys. 1f
none of these factors are found to have a significant
relationship to the decision to participate, no self-selection
correction is made in the next step.

« Step 2. Develop the econometric energy model. This model
relates the energy (or demand) savings (or consumption
level) to the physical and socioeconomic factors known for
participants and nonparticipants. Included among these
factors is the propensity to participate estimated from Step 1-

« Step 3. Use the model from Step 2 to estimate the effect of
free riders, and the net effect of the program

fowa-llinois-R-1 /4002
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Task 8. Estimate the Demand Impacts. Demand impacts will be
estimated according to the procedures describec in Section 2.23.
lowa-lllinois” current load research data will be wsed for the

Weatherization and High-Effidency Equipment Rebate programs.
For the New Construction program, load data will be collected from

a sample of participants and noaparticipants.
2.3 Data Collection

Each component of the evaluation will rely on data from several
sources. Each data collection effort is designed ko serve multiple
purposes. This approach helps to provide conséstency across
evaluation components, as well as making more efficient use of
project resources. In addition, minimizing the burden on
respondents will improve survey response rates, resulting in more
accurate results.

2.3.1 Data Sources and Timing

Data will be collected from lowa-Illinois and its émplementation
contractor, from the utility’s customers, and froen outside sources.
The data collections from each of these sources are described below.
The general evaluation areas that each data collection activity is
applied to are summarized in Table 2-6. The schedule of these
activities is indicated in Table 2-7.

* Data from the Utility

Tracking System. Information from the tracking system will
be used directly in the process and impact analyses. In
addition, the tracking system will provide the basis for
linking information from other sources. As a result, tracking
system information will be accessed by the evaluation team
on an ongoing basts throughout the couxse of the project. In
the early stages, the tracking system data items and
organization will be revievred, and suggestions made for
improvements.

Billing Records. For most programs, billling records will be
collected for a sample of participants and a sample of
nonparticipants. The records will span a period
corresponding to one year before and one year after
participation. Depending on the specific program, records
may be taken for elther all participants or a sample. For the

lowa: linois-R-1 74002
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new construction programs no pre-program data will be
taken. For the tallored nonresidential programs, which will
be evaluated by cases studies, no nonparticip=nt data will be
taken. These records will be assembled in the third quarter of
1993 for preliminary assessment of early program
participants, and in the third quarter of 1994 to capture a ful]
(or nearly full) year of post-participation data for the entire

1992 program year.

Program Staff lnhrﬂm Interviews with prograrn staff
from the utility and its implementation contractors will be a
key element of the process analysis. These interviews will be
conducted during the fourth quarter of 1992 and again in the
fourth quarter of 1993.

* Data from Cuslomers

Participant Short-Term Follow-up Survey. One of the majcr
objectives of the process evaluation is to assess factors 5
influencing program participation. Accurate information on
customers’ program awareness and decision-making criteria
is difficult to obtain several months after the fact. A brief
follow-up survey will be administered to program
participants within a few weeks of participation. This survey
will not obtain detalled customer characteristics, but will
focus on those decision-related factors that might be difficult
to recall by the time of the main participant/nonparticipant
survey.

Farticipant/nonparticipant survey. A survey will be
administered to a sample of participants and nonpart.cipants
at the end of the first program year. Results from this survey
will be used by both the process and impact evaluations. The
information collected will include characteristics of the
premise, its occupants, and its operation.

On-site Audits. For each of the programs, on-site audits will
be conducted of some or all of the participants. The audit
will determine if the equipment is in place, in use, and
operating as intended. Input engineering assumptions, such
as operating hours and floor space, will be verified. Some
follow-up information on customer satisfaction may also be
collected at this time. This information will be used on an
anecdotal basis to refine the Implementation analysis, to

lowa.llinois-R.1 /4002
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explain and support results of the impact evaluation, and to
provide further information for the process evaluation.

Most of the on-site audits will be performed in the latter half
of 1993. For customers whose main DSM actions related to
cooling (or lighting) ludi. the on-site audits will be
scheduled for the warmer weather. Fo. actions targeted more
at heating loads, the audits will take place during the heating
season. Inaddition, for those customers where special meters
are installed for the evaluation, on-site audits will be
performed at the time of the meter installations.

Special Metering. Special metering will be performed
primarily for the nonresidential programs. Metering will be
done for all customers who are subjects of case studies for the
tallored programs. Inaddition, some load research data will
be collected for the new construction evaluations. The case-
study metering will be performed on an ongoing basis, since
before and after data are to be collected at the time of
program participation Metering to obtain a profile of a
customer subsector will be conducted in the third quarters of
1993 and 1994.

* Data from Other Sources

Trade Ally Surveys and Interviews. Sales data from trade
allies will be used as input to the market assessment, as
background on participation decisions for the process
evaluation, and to provide baseline efficiency levels for the
impact analysis. Information will be collected from trade
allies on a semiannual basis, in the first and third quarters of
1993 and 1994.

Published Data. For the billing analysis, weather data will
be obtained for local weather stations from the National
Oceanic and Atmospheric Administration. For the
multivariate analysis performed as the second stage of the
billing analysis, local and national economic indicators will
be used. These external data will be obtained from the most
recent sources available at the time the analysis is
undertaken.

lows-Nllinois-R-1/40-02 2-38 i —XENERGY
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2.3.2 Sample Design

The impact evaluation relies on energy and customer data. For hos
of the programs to be evaluated, these data are collected for a
comparison group of nonparticipants as well as for the participans
The process evaluation similarly relies on customer data fmmpan
surveys and from tive tracking system. As indicated above, the dat,
collection and analysis for these two components of the evalua tion
will be coordinated. Accordingly, the sample design must address
the needs of both components.

The general approach of this evaluation designistousea

comparison group of nonparticipants wherever possible. In each
sector, a master nonparticipant sample is drawn to serve the needs of

all applicable programs. Thus, there are four overall groups to be
considered: residential participants and nonparticipants, and
nonresidential participants and nonparticipants. A similar design is
used within each of these groups.

The sample frame is taken from the customer billing records for each
sector (residential and nonresidential). First, records for all
participants (in any of the programs for that sector) are compiled.
The remaining records constitute the nonparticipant frame.

Each group is then divided according to the number of years the
customer has been in service, and whether it is a new construction
case. Based on the years of service, customers are divided into the
following categories:

* Long-term: Two or more years of service

* Recent movers: One to two years in service in previously
existing building

* New construction: built within the program year

* Too recent: less than one year in service. These customers
will be excluded from th- analysis.

lowa-lllinois uses meters mounted either on the exterior of
the building or in accessible internal locations. Meters are
typically read monthly and therefore most billing histories
are expected to be complete. The most likely reason for
incomplete billing histories would be frequent shut-offs. This
would be a problem primarily for analysis of the low-income

lowa:Mllinois-R-1 /402 2.3
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program. As discussed in Section 6, the low-income program
evaluation will only address process issues; estimated
impacts will be taken from the statewide evaluation. For this
particular process evaluation, customers with incomplete
billing histories will be included in the sample.

Each of these groups may be further divided according to utility
district or neighborhood, energy or demand level, and SIC. The
evaluator will allocate the sample among the different strata
according to tha distribution in the customer population. Certain
groups may be sampled at higher rates to ensure adequate analytic
cases for particular subgroups of interest. For example, certain
neighborhoods might be targeted if they are believed to have high
proportions of electric water heaters. The disproportionate sampling
will be corrected for in the analysis by using different weights, to
avoid biased results.

A survey will be administered to each sampled participant and
nonparticipant. As described above, the survey coliects information
*h on the building structural and equipment characteristics; fuels used
for heating, cooling, and hot water; measures installed during the
program year; and participation in other programs. Additional
information is collected from participants to ald in the engineering
and customer satisfaction analysis. For those items to be compared

between participants and nonparticipants, the questions will be
asked as similarly as possible.

st

of

The long-term customers are the basis for the pre-post comparisons
for participants and nonparticipants. For new construction, the
nonparticipants are compared directly to participants, without a
pre/post difference. The recent movers can be anal yztd by methods
similar to those for new construction.

Sample Design for Tallored Programs

The Customized Rebate Program and the Industrial Process
Optimization Program are tailored to individual commercial and
industrial customers. Because the needs and actions are likely to be
very specific to the individual customers, no comparison group will
be used. These programs will be analyzed by case studies of
participating customers. Depending on the numbers of participants,
all participanu may be studied. If the number participating is larger
than anticipated, a sample may be taken. The sample will be taken
using similar stratification to the other nonresidential programs.

lowa-llingiaR.1 /4102 4 %N s —HKENERGY
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Assuming a 12-year life for a water heater, 100 water heater
replacements would be expected in the nonparticipant sample for
each program year. Of these, fewer than 10 would be electric water
heaters, unless a strategy Is adopted to identify more.

2.4 _ Detalls on Impact Evaluation Methods

2.4.1 Implementation Analysis

As an initial activity for the program’s impact evaluation, lowa-

Dlinols’ program tracking systems will be used to perform an
“implementation aralysis.” XENERGY will check the tracking
system to assure that the data are accurate, comprehensive and
uniform, and that a consistent set of decision rules and algorithms
are used to generate program information. On a quarterly basis,
XENERGY will generate program summary statistics in formats that
are concise and understandable.

The end product of the implementation analysis will be statistics that
include: ]

¢ the number of “participants™;
« the total number of installed measures, by end use;

« the average number of insialled measures per account per.
end use (some C/I customers have multiple accounts);

* total and average engineering-estimated energy/demand
savings for measures implemented, by end use;

: * total and average costs (either estimated or actual) for
measures implemented, by end use (both including ard
excluding zero-cost measures);

* estimated simple payback for measures installed.

Though straightforward in principle, devising a consistent

. accounting system for participants, customers, accounts, and meters
has some complications. Some customers may have participated in
the same program more than once, for different measure
installations, so would appear two or more times in participant lists.
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A customer also may have multiple accounts and/or multiple
meters. The simpiest accounting system would treat each
participation as a separate “participant.” However, the billing
analysis is for the customer, and would include the effects of all
measures installed. Care must also be taken to ensure that m
installed in a multiple-meter facility are associated with the correcy
meters. A related complication is the allocation of program costs y,
individual customers and measures. XENERGY will work with
lowa-Dlinois to agree on a scheme that is clear and consistent with
the overall evaluation goals.

In addition to these program summary statistics, the evaluator wiy
undertake a periodic review of program data collection and
processing quality. This activity Is critical for assuring that accurate,
consistent, relevant and complete data are available for subsequen
program evaluations. The quality control checks that will be
instituted will include examination of the tracking systems for:

* variables with a high proportion of missing values;

* for discrete variables, an inordinately high proportion of a
single value where not determined by common physical
attributes; '

* for continuous variables, high and low outliers, and the
proportion of zero values;

* for continuous variables, skewed distribution or distributions
with coefficients of variation (computed as the standard
deviation of a varlable divided by its mean) greater than 0.5.

Once the program tracking system is validated and analyzed at the
aggregate level, XENERCY will provide program statistics at the
specific levels of aggregation and disaggregation, e.g., by geographic
area, energy use levels, or customer profile, desired by lowa-Illinois.

2.4.2 Billing Analysis: Strge 1

Meter-reading Cleaning. To initiate the statistical analysis of energy
savings, approximately two or three years of billing history data

must be collected for all program participants. Pre-, mid- and post-
installation periods for each of these accounts will be determined
based on installation start and end dates reported for each customer
on lowa-lllinois’ program tracking database. Before the billing

lowa-Minois-R.1 /4P.02
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histories can be used to study w savings, they must be carefully
screened and processed, The billing history raw data screening
included the following procedures:

« Billing accounts that contain missing or estimated data
points, or that contained zero readings are flagged.
Estimated meter readings are combined with the next actual
reading to create a longer period bounded by actual readings.

+ Billing histories with meter reading dates that are
discontinuous, that are out of sequence, that do not match the
number of days reported in the cycle, or that contain many
fewer or many more days in the cycle than are typical, are
flagged. These cases are reviewed to determine if the data
should be assumed correct as reported.

+ Billing histories m less than a specified number of
meter readings in either the pre- or post-installation periods
are flagged. ‘

On the basis of this screening, the study cases are divided into threc
groups: : ‘

(1) cases with too few actual reads to fit the model;

(2) cases with sufficient observations, but flagged for serious
irregularities; :

(3) cases with adequate, clean billing histories.

Model Specifications for Billing Analysis. After screening the
billing histories, weather-adjusted annual consumption is estimated
for each account. Weather adjustmer* and annualization is
necessary to ensure that the comparisons of energy use between
years, and between participant and non-participant groups, span the
same number of days and the same lemperatures. In addition,
weather-adjustment involves forecasting annual energy
consumption using long-run, average temperatures. This allows the
results of the analysis to be viewed as valid for the lives of the
installed measures, rather than just for the years that make up the
study periods.

Weather-adjusted annual consumption is forecast for each account
by estimating separate multiple linear regression models for cach
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account in the pre- and post-Installation periods. One Program g,
performs this function s PRISM, the Princeton Scorekeeping
Method. The functional form of the time-series model is: .

kWht = al + a2(HDDt(T)) + et

where "kWht" is the average daily consumption for a given accouny
in period t; "HDD" is the average heating degree days at a referenc,
temperature T for a given account in period t;and “T" is a referenc,
temperature that is determined by the objective functicn of
minimizing the standard error of the model. The term “et” is the
residual error for the time period t.

To annualize and weather-normalize, a value representing the long.
run (e.g., 20 year) average daily heating degree days, LRHDD, is
inserted into the model. To calculate normalized annual
consumption, or NAC, the formula is:

NAC = a1(365) + a2(LRHDD(T))(365)

For this study, XENERGY proposes to use PRISM (the Princeton
Scorekeeping Method). However, XENERGY has found thatina
number of circumstances, PRISM cannot, or should not, be
employed. For example, if less than eight post-installation months
are available per account, or a full heating season is not available,
PRISM estimates are likely to be unreliable. In these situations, other
billing analysis models will also be unreliable for individual cases.
However, it may still be possible to obtain meaningful results for the

average or aggregate impact.

Another concern with using PRISM s that a cooling adjustment as
well as a heating adjustment may be appropriate. XENERGY will
investigate the possibility of using the Heating-Cooling version of
PRISM currently under development. Alternatively, the analysis
may rely on a more general time-series model, for example, of the

form: .

kWht = a1 + a2 HDD(T,) + a3 CDD(T;) + a4(MID) + a5(POST) + et

where "kWht" is the total consumption for a given account in period
t; "HDD(T, )" is the total heating degree days at a base of T, (e.g, 55
degrees Fahrenheit) for a given account in period t; and, "CDD(T,)" i
the total cooling degree hours at a base of T, (2.g., 60 degrees
Fahrenheit) for a given account in period t. The variables "MID" and
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"POST" are indicator variables; MID designates the period(s) during
which the installation was taking place, and POST designates the
post-installation meter reading periods.

In the model just specified, "a1” is a constant (the regression
intercept) that is interpretable as non-weather sensitive load or
baseload per period; "a2"and "a3" are coeffidients providing
estimates of how a margina! change in temperature affects «lectricity
consumption; and "a4” and "a5" offer estimates of the change in

energy use per meter-reading period during different phases of the
installation. 5

Since no conclusions can be drawn about energy use in the mid-
instal!ation period, the term ag MID is of not interest for the present
study; it remains in the model simply to avoid the loss of meter-
reading observations. However, because energy use palterns can b»
erratic in the midst of the installation period, including observations
from this period could introduce additional noise into all the
estimates of interest. If so, the MID term and corresponding
observations will be deleted from the model. This determination
will be made on the basis of a statistical test of the net improvement
or degradation of estimation accuracy for the other estimates.

The symbol "et” completes the model by representing unexplained
variation, that is, the kWh per period that remains unaccounted for
by the model’s estimates. As with the PRISM model, the error term
is assumed to have a normal distribution, with a mean of zero, and a
constant variance.

Both the PRISM model and the slightly expanded model above are
very simple physical models of energy consumption. Althougha
more complicated inodel could be specified, incorporating additional
physical drivers, experience has shown the PRISM model to be
extremely effective in spite of its simplicity. The effects of omitted
variables that vary seasonally, such as wind and sun, will be
incorporated in the estimated coefficients for HDD (and CDD), but
empirical studies have shown these effects to be relatively small.

The omission of variables that have no seasonal component will have
no distorting effect on the estimated coefficients.

The expanded model, which fits pre- post- and mid-installation
periods simultaneously, assumes that the building’s responsiveness
to temperature s not affected by the program-related changes.
Depending on the nature of the installation, this may or may not be a
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good assumption. The assumption can easily be tested, as with
interaction terms, and the specification modified accordingly.

Although it is not unusual for many time series models to suffer
from first-order auto-correlation, for this application, as for PRISM,
the correction for auto-correlation is not desirable. One reason for
this is because first-order correction results in the loss of the first
meter-reading period; given the limited number of meter-reading
periods in each account, this loss can cause more problems than th,
auto-correlation itself. A second and perhaps more important reason
is that auto-correlation does not affect the consistency or
unbiasedness of the model estimates. Rather, it results in estimate
for individual bulldings that appear to be more accurate (have
smaller standard errors) than they actually are. However, the
accuracy of the mean savings is still correctly determined from the
spread of estimated savings across the sampie. Since the purpose of
this application is to derive point forecasts of annual energy use for
the program as a whole, maintaining an unbiased mode! is far more
critical than maintaining a model with accurate estimates of error for
individual customers.

To construct weather-adjusted annual consumption in the pre- and
post-installation periods for each account, values representing 20
year, long-run heating and cooling degree days (LRHDD and
LRCDD) for a typical, 30 day meter reading period, can be inserted
into the estimated model. The formulas for calculating pre- and
post-installation, weather-adjusted, annual consumption are:

Pre_kWh = (a1 + a2(LRHDD) + a3(LRCDD)) * 12

Post_kWh = (al + a2(LRHDD) + a3(LRCDD) + a5) * 12,

The model fits will be screened for outliers, both with respect to the
parameters estimated for each year and with respect to the savings
estimates. To the extent practical, these cases will be reviewed for
possible data errors, or for major changes unrelated to the DSM
program. Additional flags will be set to indicate possibly unreliable
fits. These and the origina. data screening flags will be used as
selection and modeling criteria in subsequent analysis.

Analysis of Aggregate Savings. The customer-specific analysis of
energy savings involves subtracting weather-adjusted, annualized
energy use in the pre-installation period from energy use in the post
installation period. This change is computed for each participant

lowa-llinois-R.* f4[07
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and each non-participant in the study group. To determine overall
or average program effects, the average savings is computed across
all participants and across all non-participants.

When examining the changes for participants only, the difference in
energy use is often referred to as “gross savings.” When the mean
change in energy use of the participant sample is subtracted from the
mean change of the nonparticipants, the difference is referred to as
"net savings.” '

The distinction between gross and net savings s critical to the study
of program-related impacts. Gross savings are simply the observed
differences between pre- and post-installation use. By itself, this
difference is a relatively unreliable indicator of program effect. This
is partly because of the long-term trends in energy use in the
economy that are caused by changes in technologies, changes in
production mix, evolving tastes, and so on. Until the 1980s, this
trend was towards increasing energy use; since then, the long-term
trend has been towards stable or decreasing energy use. If these
secular trends, which are embedded in the year-10-year differences in
energy use, are not taken into account, energy use changes may be
falsely attributed to program intervention.

Changes in the relative prices of fuels and other production inputs,
changes in regional incomes, aggregate demand, and other cyclical
economic trends, may also affect the levels of energy use of
commercial accounts from one year to the next. For example, werea
business to be in an expansion phase where it was adding equipment
and employees, energy use may increase for this business’ account in
the post-installation period, despite the increased energy efficiency
of its equipment. Conversely, in a business contraction, energy use
may decrease by far more than might be expected by the newly-
increased energy efficient equipment.

Changes may also occur as a result of unusual weather patterns, not
accounted for by the weather normalization procedure. For
example, in a mild winter, some customers might not put their storm
windows on, or might keep the house warmer than usual. Ina
particularly windy winter, customers might require higher interior
temperatures to be comfortable. The weather normalization
procedures do not adjust for such behavioral responses. These
procedures account only for differences in temperature, assuming
the physical and operational characteristics of the house or building

are constant.

s
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The non-participant comparison group is designed to contrg for
" such secular and cyclical changes In energy use. Ideally, the nop,

participant study group possesses the same energy use
characteristics on average as the program participants. The two
groups are therefore similarly affected by outside factors.
Subtracting the nonparticipant savings from the participant Saving,
therefore eliminates the effects of nonprogram factors from the
participant change. :

Using a nonparticipant group invokes the broadest of all
assumptions, the "all things being equal” qualification. This Implie

I}uttheparﬂdpm.ndmnpuﬁdpnlwmmmofw
users that have memmhupmqpuofbusinmu,%

of buildings and equipment, and other energy use determinants,
Along the same lines, it also implies that the groups share similar
responses to exogenous business trends and random shocks, and
that their free-market rate of adoption of energy efficient equipmen
levels are similar, save for program participation.

If this assumption holds, the nonparticipant group adjusts for free
riders, the customers who would have taken action at their own
expense but had the program pay for it instead. Since, by
assumption, the nonparticipant group faces similar investment
opportunities, the energy use of the nonparticipants incorporates the
savings that participants would have enjoyed, at their own expense,
without program participation. Taking the difference in the changes
between the two groups should thus result in savings that are net of
free-ridership, too.

The potential weakness of this approach is the validity of the
assumption that non-participants represent how the participant
group would have behaved in the absence of the program. This
issue is addressed by the analysis of self-selection bias, in Stage 2.

2.4.3 Stage 2 Analysis of Program-Related Energy Savings

The second stage of analysis using billing data involves multivariate
analysis to determine net program effect. This analysis stage fits two
types of models. One models program participation. The second
uses those results in a model of energy consumption.

The first model is a discrete choice (logit) model that tests for
program self-selection, or the propensity of participants to

lowa-Mlnows-R-1 /402
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The non-participant comparison group is designed to contro for

such secular and cyclical changes in energy use. Ideally, the ng,,
participant study group possesses the same energy use

on average as the program participants. The two
groups are therefore similarly affected by outside factors,
Subtracting the nonparticipant savings from the participant sayi,
therefore eliminates the effects of nonprogram factors from the "
participant change. '

Using a nonparticipant group invokes the broadest of all
assumptions, the "all things being equal” qualification. This Implies
that the participant and nonparticipant groups consist of energy
users that have the same makeup vis-a-vis types of businesses, typ,,
of buildings and equipment, and other energy use determinants.
Along the same lines, it also implies that the groups share simisr
responses to exogenous business trends and random shocks, and
that their free-market rate of adoption of energy efficient equipmen
levels are similar, save for program participation.

If this assumption holds, the nonparticipant group adjusts for free
riders, the customers who would have taken action at their own
expense but had the program pay for it instead. Since, by
assumption, the nonparticipant group faces similzr investment
opportunities, the energy use of the nonparticipants incorporates the
savings that participants would have enjoyed, at their own expense,
without program participation. Taking the difference in the changes
between the two groups should thus result in savings that are net of
free-ridership, too.

The potential weakness of this approach is the validity of the
assumption that non-participants represent how the participant
group would have behaved in the absence of the program. This
issue is addressed by the analysis of self-selection bias, in Stage 2.

2.4.3 Stage 2 Analysis of Program-Related Energy Savings

The second stage uf analysis using billing data involves multivariate
analysis to determine net program effect. This analysis stage fits two
types of models. One models program participation. The second
uses those results in a model of energy consumption.

The first model is a discrete choice (logit) model that tests for
program self-selection, or the propensity of participants to
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systematically differ from nonparticipants. The second is a cross-
sectional model of energy use, that also uses the su rvey information

to control for differences among participants and non participants.

Self-Selection Model. To examine the issue of self-selection,
XENERGY will develop a discrete choice model knovn as “logit” to
control for self-selection Lias. The mode! for this partici pation
decision process is formalized by the equation:

Yi=BXi+ Ui

where Yi s the unobserved or undocumented non-random
motivation leading to building owner/manager | participating in the
program, B' is a vector of unknown parameters, Xi is a vector of
explanatory variables related to participation, and Ui is an error
term. Though Yi is unobserved, we can distinguish the customers
who participated; hence, Yi = 1 if a customer is a participant, and Yi
= 0 otherwise.

Based on the binomial lumullﬁern, the probability of participation
can be viewed as:

Prob(Y=1) = Prob(Ul) > -B'Xi = | - F(-BX)

where F is the cumulative distribution function for u, Assuming that
this function is bounded by 0 and 1 and is flatter at the extremes than
it is in the middle, a logistic cumulative distribution for Ui can be
specified, giving rise to a "logit” model. This mode! is formalized as:

FC-B'XD) =1 / (1 + exp(B'Xi))
or,
1+ F(-BXi) = exp(BXD / (1 + exp(BX1))

Many variables related to the characteristics of buildings and
building managers might be expected to influence the probability of
participation, such as tenure (own or rent), energy price, energy-
using systems, and so on. These variables will thus be part of the
model specification. However, because other characteristics may yet
be undiscovered, a systemati¢ specification search will be conducted
in which plausible independent variables will be tested in the model.

Once estimated, the decision model can be used to generate a "self-
selection correction factor,” C, that will be incorporated into the

‘ e
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end use i;and V is a vector of variables related to economic and
other exogenous conditions that could influence energy consumption
during a given time period. Likewise,

Eo = folMo, Do, V)

represents the building energy demand function for the set of
unspecified end uses. As is evident, the key feature of the

conditional demand model is that it allows observed total building
consumption for a given fuel to be allocated among end uses, despite
the fact that end-use consumption itself remains unobserved.

Using a linear form for the function fi, the demand equation for end
use | would be written as

Ei = MiDyy +Dibp + Vi,

Using this general framework to specify a multiple linear regression
model, ordinary least squares can be applied to the data to estimate
all the model parameters at the same time. Once estimated, the
single, total conditional demand equation can be decomposed into
individual equations. While each end-use function may share one or
more variables with other functions, each end-use function will also
have one or more variables that are unique.

Depending on the purposes of the individual program evaluations,
the available sample sizes and the available data, it may be possible
for XENERGY to save time and effort by developing a limited
conditional demand model in which end uses will be represented by
individual dummy variables indicating the presence or absence of
specific equipment or building characteristics. More complex
functions would generally provide more accurate end-use allocations
for each customer. However, the dummy variable approach, with
sparing use of additional more complicated terms, may be adequate
to estimate average effects. Again, since the focus of the impact
analyses is net program-related savings rather than end-use
forecasts, some customer-level accuracy may be worth sacrificing in
the interests of cost savings.

The model may be specified as an annual-level equation such that:

Eyyer = beEjy+ y'Mi+ByDi + bp'Pi,

lowa.-llitnois.R.1 /442
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where Ejteq Tepresents energy Consumption for the j'th btuldmg &
the Post-installation Period t+1; Eie Tepresents energy comumpufm
for the i'th building in the Pre-installation Period; Mj Tepresenyy ,

or
Participants and Dformﬂrlﬂpm;md bjis a vector of
coefficients for the ﬂupwdh-.‘kdepmem variables, for

A simplified functional form for the mode Might take pos;.
installation consumption (k) to be 5 function of the Presence of
electric space heating () and electric hop water heating (WH), th,
number of People in the household (NofP), the size of the dwelling
(SIZE), program Participation (P). and an €rTor term, e, Fol‘maily,

Ewal ¢+ a2(SH) + al(WH) + 84(NofP) + a5(SIZE) 4 a6(P) 4 ¢

where a] is the in

Ewale - +a6(MEA) + o

in which case a5 Is used to Measure the degree to which the
engineering estimate of Program savings vary from the actya)
change in yse. For this Variable, the ny]) hypothesis is that a6 is
approximately 1.




SECTION 3 : EVALUATION BUDGETS

3.1  Introduction

The proposed budgets for monitoring and avaluating lowa-Illinols’
eight energy efficiency programs are the result of considering many
factors. Detalled plans for evaluating each program include specific
activities for several years. These "bottom-up” budgets form the
basis for the overall monitoring and evaluation effort. In addition,
each program's share of the total budget, total projected participation
and total projected avoided costs for ali programs were considered.
These considerations helped assure that the proposed approach

balances various requirements.

z The originally filed lowa-Illinols plan included a total budget of
$17,309,082. Of this amount, $15,920,874 was for residential and non-
residential programs. Of that amount, $2,785,000 (17.5 percent) was
budgeted for monitoring and evaluation. Iowa-lllinois has come to
believe that excellent monitoring and evaluation resuits may be
provided with a significantly reduced budget. In this plan the total
budget for monitoring and evaluation is set at $1,172,638. This
amount represents 7.37 percent of the total budget for residential and
non-residential program implementation. In addition, $224,500 is
hudgeted for acquiring meters. This amount is 1.41 percent of the
total for program implementation. The balance of the budget
originally designated for monitoring and evaluation will be used for

programs.

The rest of this section reviews the primary considerations; the

: perspectives gained by reviewing each program’s share of total
budgets, participation, and avoided costs; and presents budgets for
each year.

3.2 Primary Requirements

In developing comprehensive monitoring and evaluation pluns, it is
necessary to balance efforts across three types of evaluation, to
balance efforts over program life cycles, and to assure tha! minimum
activity levels can produce useful results. The five primary
requirements and their impacts on budgets include the following:

1. The key concern for lowa-lllinois, their ratepayers,
stockholders, and the citizens of lowa is determining the cost-
effectiveness of the lowa-lIllinois programs. This requires
careful planning and execution of impact evaluations of each
program with specific analysis of each measure.

—
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Budgets mus; cover monitoring ang evaluation activities
starting in 1992 and continuing until the eng of 1996,

3. The.degree to which Towa-Illinojs’ Programs reach eligible
cuunmcrgmups and provide Satisfactory services is alsg of
concern.

Period of fu| acceptance Participation reaches 5 Peak, and,
when most interested Customers have been served.
ses.

These planned budgets and evaluation actiyities reflect the
start-up and growth phases of Tewa-Illinojs’ Programs

5. Finally, there are some minimum Costs to conduct evaluation
activities. Program managers and regulators alwa ys havea
few questions 1o be Answered for even the Smallest programs.
Just for a Program with modest Participation and impacts,

These minimum levels may cayse the monitoring ang
evaluation budget for smai] Programs to appear larger than
Mmay be warranted jn €Omparison to thoge Programs’ share of
the total Program budget,

Iaw.l-ﬂll.nms-ﬂ-l.'il'-l.‘ 3.2
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3.3  Other Considerations In Allocating Budgets

Tables 3-1 through 3-3 display each Program’s share of the total
budget, projected participation, and projected avoided costs for each
program year and for the ful] three year plan. In addition to the

These tables show ﬂn Programs from different perspectives. Each
Perspective contributes to allocating budgets across programs.

* The shares of the total Program budgets indicate relative
levels of utility activity in each program. Activity levels have
been used to check the allocation of process evaluation

budgets across programs.

used in apportioning market assessment and process
evaluation budgets. However, due to the minimum budgets
required to conduct data collection, the 90:10 split between
residential and non-residential Pparticipation has been
modified. All programs have been allocated sufficient funds
to conduct appropriate Process evaluations.

* The rankings and shares related to avoided costs have been
used in apportioning Impact evaluation budgets acro-s
programs. The avoided costs are split very evenly between
the total for all residentia] PTograms and the total for all non.
residential programs. Thus, the overall impact budgets have

| also been split quite evenly to provide sufficient funds to

address the more complex impact analyses required in the
non-residential programs.

R = W
Gl . o= - = b ..-“
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SECTION 3 EVALUATION BUDGETS
Table 3-3
Program's Share of Total Avoided Costs, By Year
Program 192 | 1993 | 1994 1992- [ Rank |
1994
[RESIDENTIAL
Weatherization 31.9 293 271 29.2 1
H-E Equip. Rebates 146 139 127 | 138 3
Low Income 0.4 - 04 0.4 0.4 8
New Construction 50 595 6.20 5.7 6
Residential Total 519 | 495 | 463 | 492
NON-RESIDENTIAL 5
Shopping List Rebates 304 297 29.5 25.0 2
Customized Rebates 7.7 9.1 9.4 8.9 4
Ind. Process Optimization 70 83 9.7 8.8 5
New Bldg. Construction 0.0 03 1.1 0.7 7
Non-Residential Totals 461 50.5 53.7 50.8
-'"h-.._._,__—-"'-.-_-‘_" .
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3.4 Monitoring and Evaluation Budgets

nax wn for each calendar year and for the total of s
activities from 1992 through 1996 are presented in the following

tables.

The total budget of $1,172,638 for evaluating the 1992 to 1994
programs has been allocated in the following manner:

* 53 percent to residential programs and 47 percent to non.

residential programs;

* 45 percent to data collection, 25 percent to impact evaluatiop,
11 percent to process evaluation, 10 percent to reporting, 5

percent to market assessment, and 5 percent to ongoing
planning and evaluation management;

* theallocation over the five year period includes 27 percent

for 1992, 32 percent for 1993, 31 percent for 1994, and 10
percent for 1995 and 1996.

In addition to the budgets detailed in these tables, $224,500 is
budgeted for acquiring meters and related equipment.

——
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4.2 Evaluation Questions
4.2.1 Market Assessment
Baseline Research Questions and Issyes

* Of the eligible housing (Towa-Tllinois provides the heating
fuel), what proportion is:

single family homes?

mobile homes?

two- to four- family homes? and
multifamily build ings?

* What are the proportions of each housing type for those with
less than R20 ceiling insulation?

* What was the annual incidence of Installation of attic
Insulation up to R20 prior to the existence of the program?
What factors influenced this market before lowa-Illinois
began its program?

* What are the baseline penetrations of the measures to be
directly installed by lowa-Illinols? What is the current state
of the market for thess measures?

* What percentage of the target population previously received
an energy audit? (If possible, provide audit information by
year).

4.2.2 Process Evaluation

Customer Response to the Program

* How aware and informed are lowa-lllinois customers of this
and other energy-efficiency programs?

* Whatare the relationships between customer participation in
the audit, installation of the free measures, and customer
participation in the clock thermostat and insulation options of
the program? Which options of the program are most
attractive to customers? What drives participation?

lowa-lllinois-R.1 /4.2 44
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. * Did customers find Participation in each aspect of the

Program reasonapyj Y Convenient? Wha, Tules or procedures
Posed barriers o increased Participation? Was the direct
; : subsidy (for imuhﬂonllmmmg and structure Appropriate for
f the program and the customers?

* What was the Participation rate for the program? Does the
: participation rate and Initia] angd final R-valyes for the
! C insulation subsidy portion Satisfy the cost-effectiveness
requirements of the Program? :

*  What were the Primary reasons for fonparticipation in the
audit? What portion of the customers declined the djrect
installation Pportion of the Program? Why? Wha; were the
reasons for nonparticipation in the Insulation rebate? Are
any market segments especially unlikely to Participate (e.g,
Owners of multifamily buildings)? What changes could pe
made to optimize Participation?

* Whydid Customers remoye Or never use some Mmeasures that
had been instajjed? .

* Arecustomers satisfied with the Products? Wha; particular
features do they fing favorable or unfavorable?
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What does lowa-{llinois intend to achieve with,the
installation of the clock thermostat? Is lowa-lllinois’
expectation being met?

To what degree are the customers sensitive to the rebate
levels for insulation? Are customers satisfied vvith the
amount of the rebate?

Free Riders and Free Drivers

What was the participant’s level of knowledge and adoption
of measures mwmuu with the program?

Were customers pl.nrmln; to purchase the targeted measures
over each pmpn'n year even if no program existed?

What was the level of measure knowledge and adoption
among non-participants?

Program Administration
i

Is management of the program well organized? Are the goals
clearly stated? Are roles and procedures well defined and
documented? Is there clear control and accountability for
expenditures? How are program expenditures documented
and authorized?

Do management and program field staff have a shared
understanding of program goals and objectives?

Are communications with the program contractors, vendors
and their allies operating smoothly?

Are the contractor assessors/Installers adequately trained? -
Are assessors trained in maximizing energy efficiency
opportunities during in-home visits?

Is there adequate quality control of the direct installations?
Is there a mechanism to provide feedback on problems noted

in quality control inspections to program training activities?
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* Is the list of participating installation contractors kept up to
date? What responsibllities and standards do participating
contractors agree to abide by? How do lowa-Illinois and the
program contractor assure insulation contractor compliance?

* Do program tracking systems adequately support customer
service, program management and all monitoring and

evaluation requirements?

* What are the costs of the program by the following major
categories: administration, advertising and promotion,
monitoring and evaluation, ins*alled equipment costs, and

customer incentives?
4.2.3 Impact Evaluation
*  What reductions ml&ﬁwad in enzrgy and demand?

- Wh:tmthtfrnﬂdulrd free driver effects? What are the
net effects of these factors on program reductions?

* To what extent would customers who chose to participate
have been expected to save more or less than non-
participants, even without the program?

*  What are the net effects of changes in weather and economic
conditions?

* What is the level of persistence of program measures and
savings?

* What degree of takeback (snapback) is evidenced by program
participants?
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4.3 Technical Approach
4.3.1 Introduction

There are three aspects to the program evaluation for the Residenty
Weatherization Program:

o Market assessment;
* Process evaluation; and
¢ Impact evaluation.

These evaluation activities are supported by data collection activities,
which are described in section 43.5.

4.3.2 Market Assessment

The market assessment will be performed in conjunction with other
residential program market assessments. This will establish a
baseline perspective of the current residential energy efficiency
market, specific to the program measures offered in this program.
The market assessment will be based on the information from the
participant and nonparticipant surveys. This market assessment will
provide data to estimate the net effect on the program impact of
behavioral influences such as free-ridership, and self-selection bias.
The baseline market assessment will also provide information on
customer attitudes and responses from the market sulsectors. It is
likely, for example, that owners of multifamily buildings and mobile
homes will have different perceptions of the need for specific energy-
efficient technologies, based not only on the differences ini the types
of buildings they operate, but also on differing responsibilities for
paying for energy costs. Finally, the market assessment wil! be 2
source of information on the saturation of energy-efficient
technologies and measures in the population of interest

4.3.3 Process Evaluation

The process evaluation will examine the program’s operation and
qualitatively measure its effectiviness. Program optimization
recommendations will then be made for all levels of the program.
The on-going evaluation process will enable lowa-lllinois to get
quick feedback during the critical early months of the program and

—
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to implement changes that will immediately affect program
operations. The program activities described below are oriented
toward delivering rapid feedback which will be of immediate use to

program managers. :

Implementation Analysis. The implementation analysis will
accomplish two objectives for both the process and impact
evaluations:

1. The program database will be analyzed to determine if it
contains all the critical data needed for iowa-Illinois to
understand and manage the program.

s, 2. The implementation analysis will mevid: estimates of
parameters, determined in consultation with lowa-Illinois
that are contained in the database.

The combination of activities will provide 2n on-going
understanding of program accomplishments. For example, savings
estimates will be derived from the quantities of measures installed
by contractors. Program participant profiles will be generated fron
demographic data, and a detailed census of measures installed by
the program will be determined.

4.3.4 Impact Evaluation

The impact methodology for the Residential Weatherization
program follows the general procedure described in Section 2.

Task 1. Select the Sample. The participant and nonparticipant
samples are taken as components of k¢ general sample described in
Section 2. Participation in all programs, and dates of participation,
are identified. The proportions of Weatherization program
participants who also participated in other programs will be
estimated. For those participating in other programs, the
distribution of a length of the time betwween the participation dates
will also be examined,

Task 2. Collect Survey Data. Most of the questionnaire
administered to participants anc_nonparticipants will be the same as

* that administered to the general sample. Some additional questions
will focus on weatherization measures undertaken, both withinand -

e
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outside of the program, and major equipment replaced. The g,
these actions will also be collected. Rl

Task 3. Conduct On-site Audits. This task will be performed ,,
described in Section 2.

Task 4. Refine the Engineering Models. This task will be
performed as described in Section 2.

Task 5. Estimate Savings Using Engineering Models and Condug
Implementation Analysis, This task will be performed as descripyg
in Section 2. .

Task 6. Conduct Billing Analysis (Stage 1). This task will be
performed as described In Section 2.

Task 7. Conduct Multivariate Regression Analysis (Stage 2). Thjs
task will be conducted according to the steps described in Section
For the participation modeling (Step 1), participation in all applicable
programs will be modeled jointly. In addition, the participation in
the weatherization program will be modeled as a nested deision.
That is, the choice Is made first to participate in the direct-install and
assessment component. The choice to participate in the subsidized
insulation component can only be made if the first component is
chosen.

Task 8. Conduct Demand Savings Analysis. The demand analysis
will be conducted according to the procedures outlined in Section 2
For the Weatherization program, the load data required will be
obtained from the utility’s current load research data.

4.3.5 Data Collection

A coordinated set of data collection activities will be undertaken to
inform the various analysis activities. These activities include:

* records and tracking system reviews;
* in-depth interviews with program staff and contractors;

* participant and non-participant mail or telephone surveys;

lowa:lllinois-2-1 /4102 LR {1

EEE— — N,




~ SECTION 4

RESIDENTIAL WEATHERIZATION

* billing history compilation; and
* melering (as appropriate).

Both quantitative ard qualitative data will be collected. Each
component of the evaluation will draw on more than one data
gathering activity. For example, some behavioral net effects on gross -

survey questions concerning attitudes toward energy conservation,
free riders and free drivers, and whether measures installed in
participants” homes are retained and used.

Baseline Information. A stratified sample for a telephone survey of
lowa-Illinois customers will provide baseline data for the program
evaluation. The sample selection and questionnaire design will be
undertaken as soon as possible. The final sample size will be 1,200
completions. The data gathered in these surveys will be
supplemented by on-going participant follow-up surveys.

Participant Satisfaction Survey. A second data collection effort will
be a mail survey of all program participants. This survey will
principally examine customer satisfaction with the program
measures, the insulation subsidy strategy and the program process.
This type of survey is inexpensive to conduct ana has an expectation
of high rates of response, based upon similar work done for other
utilities in lowa and in other states. :

This survey will be performed within 30 to 45 da ys after the energy
audit (while participants' memories are still fresh), The survey will
include customer satisfaction questions (Was the audit conducted in
a professional manner? Were you satisfied with the operation of the
low-flow showerhead?) and will also question the customer
concerning intentions to participate in the insulation subsidy. In
addition, this survey will be designed to be sent to those customers
who take advantage of the direct subsidy for insulation rebate. This
satisfaction tracking will provide a quick nieans for rapid feedback
about customer satisfaction and give lowa-Illinois the opportunity to
make on-going adjustments for problems identified in the responses.
These surveys will also address free-ridership Issues and customer
costs while this information is easy for cus*omers to recall.

e

bowalilingisR.1 /4102

4-11
—XENERGY




SECTION 4

RESIDENTIAL WEATHERIZAT|gy,

—

Participant and Nonparticipant Surveys. Al the end of the Year
there will be a participant/nonparticipant telephone survey, selec:.
on a representative basis. This survey will collect information aboy,
customer attitudes and behavior. This information will be used to
inform the process evaluation and to provide data for estimating
behavioral parameters of the impact evaluation, such as persistenc,
and free-ridership. Typical questions will target energy end uses.
appliance types; usage patterns; customer knowledge of, and
attitudes about, energy efficiency; actual and planned energy
efficiency actions; and demographic characteristics.

Process Evaluation Surveys and Interviews. Data collected for
process evaluation purposes will consist of customer satisfaction
data gamnered from participant surveys described above ard
interviews of lowa-lllinols program staff, contractor managers and
staff, and insulation contractor trade allies. lowa-Illinois’ in put and
2pproval will be obtained in the development of all interview
protocols.
Four lowa-lllinois central office and district staff will be interviewed
shortly after program initiation and again at a later time. These
interviews will focus on program development, information sysiems,
reporting, quality control and assurance and other contractor issues.
Interview schedules will be adjusted to account for staggered
program startups, as needed.

The turnkey contractor will be Interviewed concerning the operation
of the program. Issues such as contractor organization, job
scheduling, information systems, auditor training, quality control,
inventory procedures, problems encountered and problem
resolution will be addressed. The contractor manager will aiso be
asked about issues relating to lowa-lllinois, such as clarity of
performance standards, communication, training, and changes in
program procedures. Contractor assessors will be asked questions
about training, scheduling, typical instailations, problems
encountered on the job, and so on.

Insulation contractors participating In the rebate portion will also be
Interviewed. Two or three contractors will be interviewed in the first
six months of the program. Two or three more participating
contractors will be interviewed at the 10 month mark. Contractors’
interview topics will include their perceptions of the effectiveness of
the program, the attractiveness of the program to customers, ease of

—
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program operation, adequacy of rebates, timeliness, and possible
changes in program design or implementation. Two to three
contractors who have chosen not to participate in lowa-Illinois'
program will be interviewed concerning their reasons for non-

participation.

Customer satisfaction data will be collected in the on-going surveys,
annual participant surveys, interviews with program staff and
contractors and in reviews of program records regarding complaint
recording and resolution. Data to be gathered include customer
acceptance of, and satisfaction with, the products offered, the
installation of directly installed measures, quantities and types of
complaints about program contractors and complaint resolutions
logged by Iowa-Illinois. ’

Impact Evaluation and Metering Plans. Impact evaluation data
collection will be undertaken for the purpose of determining net and
Eross program impacts. The primary data source for the Stage-1
impact analysis described in Section 2 will be customers' bills. These

The Stage-2 analysis will relate the weather-adjusted estimates of
Eross savings to information from the participant and non-
participant surveys. These surveys will be designed to meet the
needs of both the impact and the process evaluation analyses
Additional factors that may be included in the analysis are external
factors such as level of economic activity in the service area in the

pre- or post-program periods,

If appropriate, lowa-Illinois will developa metering plan and collect
metering data on a sample of homes treated in the program. This
approach does not immediately appear cost-effective because of the
cost of acquiring a sufficient base of data to generalize the results to
program participants, or even less likely, to the papulation eligible
for the program. lowa-lllinos will continue to review the benefits
and costs of obtaining meter data for this program as the program
progresses and other forms of impact analysis are undertaken.

————
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RESIDENTIAL HIGH-EFFICIENCY
SECTION 5 EQUIPMENT REBATE PROGRAM

5.1 Program Description

The Residential High-Efficiency Equipment Rebate Program offers
rebates to residential customers who purchase the following types of

high-efficiency equipment:

Centra! Air Conditioners;

Room Air Conditioners;

Heat Pumps (Alr Source, Ground-Coupled, Ground Water);
Gas Furnaces or Bollers;

Electric Water Heaters;

Gas Water Heaters; and

Programmable Clock Thermostats

(Cool only, Heat and Cool, Heat Only)

Eligible customers include all existing residentia! customers who buy
electricity or gas from lowa-lllinols. Rebates are provided for end -
uses for which the fuel is provided by lowa-lllinois. The equipment
will be marketed through a trade ally network of retail vendors and
heating ventilation and air conditioning (HVAC) contractors. Rebate
applications are provided to customers by the trade allies. Rebatcs
are intended to cover approximately two-thirds of the incremental
cost between standard-efficiency and high-efficiency equipment in
each measure category.

Program goals for years 1 through 3 are indicated in Table 5-1.

Table 5-1
| Residential High Efficiency Equipment Rebate
1’ Year 1- Year 3 Program Coals*
1992 1993 1994
Gas Electric Gas Eisciric Gas Elecuic
-2_3“““" 7504 (313 a170 (73] L467] 3 T S
g:-rw 087 Th 285 MWh AU1.042 Th 1 — A LA R I O
Mngs
De K[ "SR - [TEETh W]
m'f Ji’ff: J:;m Suruwm i On-Peak ;:ug:,r ln—-rI On-Paak | Pesk Day M;mw On-

" Note, Pancpation Igures Show new paricipants for each year, Energy and demand savings ligures show the
savings in each year for the cumulative number of participants.

e
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5.2

—

Evaluation Questions

The questions listed below are particularly relevant to the
Residential High-Efficlency Equipment Rebate Program. Additiony,
issues which are applicable to all lowa-lllinois energy efficiency
programs are contained in Section 2.1, and will be incorporated in
the evaluation of this program. :

5.2.1

Market Assessment

What is the current state of the market? What are the
baseline saturations of standard-efficiency and high-
efficiency measures offered by the lowa-lllinois program
among the eligible customer population?

What are the baseline efficiencies for each type of equi pment?
What market segments are discernible?

How do the markets this program addresses differ from those
addressed by the new construction program?

Were rebate levels set to reflect approximately two-thirds of
the incremental cost between standard- and high- efficiency
equipment? If the rebates were more or less than two-thirds
of the incremental cost, did it affect par:icipation rates? Did
the rebates affect market prices for standard- and high-
efficiency equipment? How?

When are ordering and stocking decisions made by trade
allies? How might lowa-lllinois’ decisions to change
measures being rebated affect trade al'ies? \What is the best
time of year to announce such changes?

What is the disposition of equipment replaced under this
program? (See Section 2 for a discussion of replaced

equipment.)

Are there other types of equipment that should be included
in this program? \What are they?

lowa-IL-R-1 /402
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5.2.2 Process Evaluation

* - What were the primary issues considered in planning the
program?

* What problems or concerns emerged during the program
start-up period? How were they addressed? What
additional operational issues have emerged?

-

* Are customers and trade allies aware of the program? How
do most learn of it?

Is the program reaching targeted customers at the rates
anticipated? Has lowa-Illinois changed its marketing of the

program as a result of the response?

* Do participating customers differ from nonparticipants? -
How?

e T e Nt
L]

* Are the application forms readily available to customers?
Are tne forms clear and easy to complete?

* Has lowa-lllinois provided rebates in the time promised? Is
that interval adequate? How might the utility’s rebate .
processing time be improved?

<y
= * What were customers' and trade allies' expectations of the
5 program? Were they met?
2 * Do program requirements support or inhibit participation?
} *  What are the levels of free riders, free drivers and snapback?
E What explains the incidence of these factors? How might
Iowa-[llinols affect them?
L * Is the current program design the most effective means to
o influence customers to purchase high efficiency equipment?
% What changes might be made to the program to increase its
= _ effectiveness? :
_I lowa-JL-R-1 /4102 53
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- market subsectors. There may be differences in the market

5.2.3 Impact Evaluation

Basic impact evaluation questions are discussed in Section 2.1.3, The
Residential High-Efficlency Equipment Rebate Program focuses g%
major household appliances, Persistence issues will be similar 1o 52
those for the weatherization program, focused on high-effici ency ;&
equipment rebated under this program. -

53 Technical Approach
5.3.1 Introduction

There are three aspects to the program evaluation of the Residential
High-Efficiency Equipment Rebate: -

* Market assessment:
*  Process evaluation; and
* Impact evaluation. R

The basic evaluation issues and methods are described in deuli i;i 3

Section 2. Evaluation activitles are supported by the data collection %
activities described in Section 5.3.5. -4
it

5.3.2 Market Assessment s
5

The market assessment will be performed in conjunction with other "
lowa-lllinois residential program market assessments. This will 5
establish a baseline perspective on the residential energy efficiency 3,
equipment market, specific to the measures offered for rebate in this .
program. The market assessment will be made from information &
gained from participant and non-participant surveys of customers.
The market assessment will provide data to help estimate the net .-
effects on the program Impact of behavioral influences such as free-
ridership, and self-selection blas. The baseline assessments will :
provide information on customer expectations and responses from -

expectations between customers who have central air conditioning -
and those who use room air conditioners, for example, when
considering upgrading existing equipment or the purchase of new
equipment.

lowa:[L-R.j fap.o2
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5.3.3 Process Evalualion

The process evaluation will examine the program's operation and
qualitatively measure its effectiveness. Program optimization
recommendations will then be made for all levels of the program, as
needed. An early progiam review will provide lowa-lllinois with
quick feedback on program start-up issues during the critical early
months of the program and provide the opportunity to make

program adjustments. Subsequent periodic examinations will
provide lowa-Illinols with measures of overall program progress,

customer satisfaction, and with an understanding of on-going
program operation issues. :

Implementation Analysis. The implementation analysis will
accomplish two objectives for the process evaluation:

1. The program database will be analyzed to determine if it
contains all the critical data required for lowa-lllinois to
understand and manage the program.

2. The implementation analysis will provide estimates of key
parameters, determined in consultation with lowa-Illinois,
that are contained in the database for the purpose of

determining program progress.

The implementation analysis will contribute to the process
evaluation by providing profiles of program participants, the
frequency and amounts of rebates by measure, and initial ectimates
of program savings determined from the measures rebated.

The implementation analysis is also the basis of engineering
estimates of energy savings and demand reductions made before

billing analysis is possible.
5.3.4 Impaci Evaluation

The impact methodology for the Residential High Efficiency
Equipment program follows the general procedure described in
Section 2.2.4, Impact Evaluation Tasks.

lowa-IL-R-1 f4r.a2
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| Task1: Select the Sample. The participant and m}n-participam '

~ inSection 2,

samples are taken as components of the general sample described g
Section 2.3.2. Participation in all programs, and dates of R
participation are identified. The proportions of rebate program i
participants who also participated in another program will be 38
estimated . For those participating in other programs, the 1
distribution of the length of time between participation dates will 3

also be examined. e

The rebate program is designed to increase the efficiency of the ‘5%

equipment purchased for “natural replacement.” That is, the B
program is not intended to encourage accelerated equipment 4
replacement. The comparison group of interest is a set of customere®
who replaced equipment, but did not participate in the pmgramb%:
Only a small fraction of the master sample are likely to have replaced
equipment during the program year. As a result, the comparison 7§
group may be very small, especially for some types of equipmenﬂ

allies. Customers 5o identified would be used as a supplementary &
sample, in conjunction with eligible customers from the master
sample. Appropriate statistical weighting procedures wou!d be 7%
required to ensure unbiased estimates from this combination sample

Task 2: Collect Survey Data. Most of the questionnaire =

administered to participants and nonparticipants wil! be the sameas .
that administered to the general sample. Some additional questions”
will focus on major equipment replaced, both within and outside the

program. The dates of these actions will also be collected. A

Task3: Conduct On-site Audits. This task will be performed as 7
described in Section2. 3,‘_

Task 4: Refine the Engineering Model. This task will be per!omwa_
as described in Section 2. :.
Task S: Estimate Savings Using Engineering Models and Conduct
Implementation Analysis. This task will be performed as described :

'l. B e e

l
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Task 6: Conduct Billing Analysis (Stage 1). This task will be
performed as described in Section 2.

Task 7: Conduct Multivariate Regression Analysis (Stage 2). This
task will be performed as described in Section 2. For the

participation modelinig (Step 1) participation in all applicable
X pw will be modeled jointly.

Task 8: Conduct Demand Savings Analysis, The demand analysis
will be conducted according to the procedures described in Section 2.
For the rebate program, the load data required will be obtained from
the utility’s current load research data. -

5.3.5 Data Collection

A coordinated set of data collection activities will be undertaken to
provide data for the analysis activities. These activities include: -

* Records and tracking system reviews;
* In-depth interviews with program staff and trade allies;

* Participant and non-participant telephone incerviews;
* Billing history compilation; and

+ * Metering (as appropriate).

Both quantitative and qualitative data will be collected, Most
components of the evaluation will draw upon more than one data
source. For example, self-selection effects on program impacts will
be estimated from information obtained fram both the participant
and non-participant interviews.

Baseline Information. A stratified sample cf Jo-a-1llinois customers
will provide baseline data for the program evaluation. This survey
will be conducted for all residential programs and will determine
basic demographic data, such as building types, sizes, household
composition, fuel types and equipment saturations. The final sample
size will be 1,200 completed interviews in 1992 - - :

lowa-IL-R-1 /4102 5.7
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Customer and Trade Ally Focus Groups. Participant and I
nonparticipant focus groups will explore customer attitudes aboyt g
the rebate program format, the program design, program pmczdu}i'
and the level of rebates offered by lowa-Illinois. These groups wﬂi}}
provide qualitative data that will be used to define important issue™
and focus the quantitative research on these issues. Typical areas ‘%5
involve knowledge and understanding of the program, reasons fﬁ"
participation and nonparticipation, satisfaction with the rebate 03

design and process. 3
An additional focus group of trade alles will examine program 2

understanding of how trade allies promote the program, the aﬁgc;;'ﬁ:
of the program on trade allies' inventory and sticking practices, #-3y
alterations caused by the program in typical equipment sold and '
installed. Trade ally focus groups will be coordinated with other B
residential program research. ’_’L,. '

Telephone Survey: Participants and Nonparticipants. At the end of
the first program year a survey will be conducted for a sample of ¢35
participants and nonparticipants. This survey will seek bas;- 03
demographic data, for comparison between the two groups. Survey'
question areas will include customer recognition of, and satisfaction
with, the High-Efficiency Equipment Rebate program, reasons for %
participation and nonparticipation, free-ridership, free drivers, X
snapback and appropriateness of the measures offered for rebate. %
Additional areas will include customer knowledge of, and attitudes ™
about, energy efficiency and customer actions that have been g
planned or taken. o
In-depth Interviews. In-depth interviews will be conducted with
key lowa-Illinols program staff and with participating vendor and .
installer trade allies. The staff interviews will focus on program °
development, planning and implementation, the roles of staff and -
vendors, problems and opportunities for improvements, quality
control and related program issues. Staff interviews will include
four to six key lowa-Ilinols personnel.

On-site Verification Visits. low -Ilinois will conduct 100 on-site

verification visits. Qualified personne! will examine nameplate data
for correlation with the information provided in the rebate -

lawa-IL-R-1/4"82 5.&
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application, and will also exarnine the installation and operation of
the efficient equipment to determine that it is operating within the
expected parameters. Visits will be scheduled to include
representation of all measures offered in the program, inclu ding
customer-installed weatherization measures.

o b+
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6.1  Program Description

The Residential Low-Income Program is operated in co njunction
with the state and federally-funded Weatherization Assistance
Program (WAP). Operation of the program is performed by
Community Action Agencies (CAAs) on a tt.tm?ey basis. All
program activities are managed and conducted by the CAAs. The
CAAs operating in lowa-Illinois’ service territory will provide
energy efficiency services under the Weatherization Assistance
Program and will also Provide services to customers who are eligible
for lowa-lllinois’ Low-Income Program. The Low Income Program
provides the following: ‘

*  Onecompact fluorescent lamp;
* Hot water kit consisting of:

- Water heater tank wrap;

- Pipe insulation;

- One low flow showerhead:

- Two faucet aerators; and

- Temperature setback to 120°F

These measures are provided and installed at no cost to the
Customer. A

In addition to these measures, lowa-lllinois will pay for two-thirds of
the installed cost of attic insulation and band joist insulation for
customers who buy their gas or electric heating fue! from Iowa-

lllinois.

Customers must meet the WAP income eligibility standards and
receive gas and/or electric from lowa-1llinois to qualify for the
program. Client selection for program participation is the same as
the current client selection system designed by the US. Department
of Energy. The CAAs give customers who have the highest heating
bills the highest priority for service. lowa-lllinois estimates that
three percent of all residential customers are eligible for the program.
The participation goals are found In Table 6-1.

B Jowa /lilinois-R.1 /74103 6-1

—XENERGSY




SECTION 6 RESIDENTIAL Low-mcb&

Table 6-1 : WE

Residential Low-Income i,
Year 1- Year 3 Program Goals® 3
1092 1903 i
T On [Eeak | Ge [ Bewk | Gn | Eewi] | v
4
g:r.tlbbtﬁm 2[5 | 2 a7 57 a4 5 | 7 I
: =
Savings 25,768 Th | 38.9 MWh T7.743Th | 117.8 MWh | 129.717 Th 1968 MWH| -
0 o, :
Cemand 126Thiday | okwW 28kW | 633 Thid 47 kWY W
Savings Winter Summaer Winder Summer Winl-r“ Summaer %
Peak Day | On-Paak | Peak-Day | On-Peak | Peak D2y | On-Peak %
" Note: Participation figures show new for each year, Energy and demand savings Is how
nviwhufgﬁywhh mdrmnu. ot bt *a?
R
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RESIDENTIAL LOW-INCOME

6.2 Evaluation Questions
6.2.1 Market Assessment

program services will not be aware that lowa-Illinois is partially
funding the services they receive from the CAA. In consequence,
marketing questions will be limited in scope to the following:

*  What is the need for each of the covered measures?
* What is the annual capability to install the measures?
* Should additional measures be included?

6.22 Process Evaluation

The process evaluation will include the issues and methods
described in Section 2 of this evaluation plan that are applicable to
the Low Income Program. Because this program is administered on
a turnkey basis, and because low income customers will not directly
interact with lowa-Illinols, the process evaluation will focus on the
CAA contractors. Particular emphasis will be placed on the
following areas: .

* Do CAAs understand the lowa-lllinois program (rules,
restrictions, procedures)?

* Howdo CAAs deal with landlords ?

* Do CAAs have suggestions for improving the lowa-lllinois
program? :

* What are the biases introduced by lowa-lllinois* policy of not
publicizing its role in the weatherization program?

b
lowa /lllincis-R-1/4P.02
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SECTION 6

because Iowa-[llinols is participating in the Statewide

Collaborative Evaluation (SLICE) Project. Energy and demang 49 3

reductions resulting from the Residentiz! Low Income Program wiy -
be determined under the SLICE Project. oy

That project will also provide a basis for adjusting the Slﬂl‘.!widg-'“ '

impacts to individual utilities. The lowa-Illinois evaluator will uge >

lowa-lllinois programs. g;
6.3  Technical Approach cg;
There are two aspects to the evaluation of the Residential Low 1"
Income Program. Those aspects are: LE

* Market assessment; and %

* Process evaluation.

The basic evaluation issues and methods are described in Section 2
Evaluation activities are supported by the data collection activities |
described in Section 6.3.4. :

6.3.1 Market Assessment

The market assessment will be performed in common with other
lowa-lllinols residential program market assessments. This will
establish a baseline perspective on the residential ene rgy efficiercy
market, specific to the low Income segment. The market assessment
will be made from information gained from participant and
nonparticipant surveys of customers and from CA A estimations of
the low income market. Because the Residential Low Income
Program will not be marketed in the typical manner, (CAAs will
select the eligible low income customers with histories of high

energy use) the market assessment Is confined to estimating the need

for energy-efficiency services in the low-income sector and

lowa /Mlinois-R-1 fdD.02
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For this program, magtly qualitative data will be cojjecieq. Mosy &
components of the evaluation will draw HPon more than on, daty z_'f
source. A complete discussion of Process evaluation issues gy, ¥
be examined for ] lowa-lllinois Programs is contained in Section 3 3

will provide baseline data forthnpmgram evaluation, This Survey's"
will be conducted for all residentia) Programs and wij determine " 5.
basic d Phic data, such as bullding types, slzes, householq T
income leve], household €omposition, fuel types and equipmen £
Saturations. The hyse sample size will be 1,200 completed interviey-
in 1992. An additional sample will be drawn from the low income “=-
Population. Questions Posed to low income Customers will assesg ."“f.’_
their awareness of weatherization Programs and the factors that tk
influenced them o Apply for this type of assistance,

In-depth Interviews, In-depth interviews i) be conducted wip,
key Iowa-Illinots Program staff and with Participating CAA stagr

v el
Problems and Opportunities for Improvements, quality control ang 3
related program Issues. Stafy interviews wij| Include four to six key f
lowa-Nlinois personnel. Contractor Interviews wi) Include all key X
participating CA A pPersonnel, :

On-site Verification Visits. lowa-lllinois wiy conduct on-site .
verification visits with ap least ten percent of the participants
Qualified personnel will examing the measures installed against the
CAA program installation records for completenecs and quality of »
installation. These visits are intended as a supplement to the quality
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SECTION 7 RESIDENTIAL NEW CONSTRUCTION

b Tl i

7.1  Progrem Description

The lowa-Illinols Residential New Construction Program offers
financial incentives to bullders, developers, homeowners and
contractors to install high efficiency measures into new residential
dwellings. The program also Incorporates an educational

component on energy efficient construction directed to home
; builders.

B e r—————

At present the program offerings are similar to those of the

residential high equipment rebate program. Under this
program, both high efficiency gas and electric measures are -
covered. These measures include:

-

BT e <,

* High efficiency central air conditioners:

* High efficiency room air conditioners;

e e

High efficiency air and ground water source heat pumps;

* High efficiency water heaters:

* High efficiency furnaces and boilers: and

:_po.—.n:“'-ll Syl -_'Li"_".'. el P

* Clock thermostats.

PO S

For each of these measures the minimum eligibility. criteria are set
above the federal appliance standard levels. The incentive
payment is on a per unit basis for water heaters and is based on
the improvement in efficiency for the HVAC measures. As a
result, increasing incentive payments are paid for higher
efficiency heating and cooling measures. The incentive for each
Piece of equipment is set at the same dollar amount as for a
replacement under the High-Efficiency Equipment Rebate
Program. Builders can usually buy equipment wholesale. Thus
the rebate dollar amount designed to cover two-thirds of the
incremental (retail) cost for existing bulldings should cover nearly
all of the incremental (wholesale) cost for new construction.

U eade My S TV TLSh T

-
(2

g{wtﬁ—*' i

The current Residential New Construction Program design does
not include incentives for thermal envelope measures (increased

insulation, high performance glazing and air infiltration
measures). It is anticipated that these measures will be

nols-R-1/4P-#2 71
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SECTION 7 _ RESIDENTIAL NEW CONSTRuci S

incorporated into the program in late 1992. The minimum _ 2
eligibility criteria for these measures may be based, in Part, on e
requirements of the proposed lowa Home Energy Rating System B
(HERS). i B

The program will be promoted through a number of routes, e
Targeted groups include builders, developers, retail vendors, 4k,
installers and homeowners. In addition, the final program d e

may incorporate an award component to increase awareness of wf-’
energy efficient construction practices. e

construction starts, are expected to be 10 percent, 25 percentand 49 |
percent for 1992, 1993 and 1994 and beyond, respectively. ...
Estimated participant numbers for the program's first three years 3.

are as shown in Table 7-1. IE.
7.2 Evaluation Questions 4:',;;
" 8

o S

7.2.1 Process Evaluation

L
Taa

In many respects, utility new construction program evaluations *£°
entail a more complex set of issues than residential retrofit !

programs. New construction program evaluations are complicated

Ly a variety of factors, including: ;

* Multiple potential decision makers regarding program entry;
* Multiple marketing target audiences:
* Multiple measures installed per participant;

* Long lead times from program applicition to measure
installation verification;

* Smaller participant and non-participant populations;

* No pre-participation (before ) consu mption baseline data.

While many of these concerns must also be addressed in retrofit
program evaluations, they tend to be more significunt in new
construction evaluations. |

lowa-lllinois-R-1/4P-#3 72
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SECTION 7 RESIDENTIAL NEW CONSTRUCTION

Table 7:1

Residential New Construction
Year 1- Year 3 Program Goals*
1902 1903 1004
Gas Eiscirlc  [Gas Eiscirlc  |Gas Teciric
| Paricpant Goal | 149 373 556 35
| :
L ‘Energy Savings | 67,335 Th | 30 hivih 108 MWh 504,888 Th | 226 Mwh
’ "Demand Savings | 839 Thiday TZkW (2447 | 43w 522 B2 kW
; Winter Peak | Summer On- | Winter Summer On- mu:: Peak | Summer On-
Day poak Peak Day |Peak Day Peak

; * Note: Participation figuires show new m Jor each ymr Energy and D emand savings
: figures show the savings in each year for the cumulative number of participar.ts. ?

Frmr,—...—.-n—._—v—rn—-"u gy -

£
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o

The lowa-lllinois Residential New Construction Program evaluation contractor must irmrpor.;'h;

these concerns in formulating the evaluation’s data collection requirements and in developing the .
l'ﬂ *

primary progra

m issues to be addressed by the evaluation. Many of the issues described in Section =

will be addressed in the evaluation. Issues specific to lowa-lllinoiy’ Residential New Cmuum: !

Program are listed below Fo
b

* Program Development
What parties, e.g., utility, home builders, realtors, ete,, w;;

involved in creating the prugram? What effect did their
input have on the current program design? Ko

o

How were program technical requirements and incentive -
levels developed?

* Program Marketing and Delivery to Home Builders and :

Developers '

What is the current marketing approach to reach home g
builders? Is it successful in generating interest and, '
ultimately, participation? :

- §

=3
Does the program meet home builders’ needs and o
perceptions? What sells new homes?

-

Do certain groups, e.g., custom home builders, need to be °
approached differently?

Is home builder training adequate?
* Program Marketing and Delivery to Realtors and Lenders !

How are realtors and lenders being approached by lowa-
* Ilinols regarding this program?

Do these parties see program participation as a means to
distinguish qualifying homes?

Are less stringent income/debt requirements being used for
homeowners buying qualifying homes?

* Program Marketing and Delivery to Home Buyers

lows-lllinois-R-1 /4P 2
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have Instajjeq in the 5 rog What are they
homes>
ie,

L






_, g —— —
B, TR R T R T P T R e M TR m e " .
- K . -

L8

L TR LT o af SR FTR L P YL AN TL
T .

|
;
3
1

B

SECTION 7

RESIDENTIAL NEW CONSTRUCTION

* Non-participant surveys.
* Trade ally focus groups.

Additional data collection activities may be required depending on
the final program design. For example, focus groups with lenders
may be appropriate if the program addresses the increased
affordability of enérgy-efficient housing as an important program
benefit. :

To the extent possible, data collection activities for the New
Construction Program will be coordinated with those of other
programs. In particular, data collection requirements for the High-

Efficiency Equipment Rebate Program may overlap with those of
the New Construction Program.

task requirements, gradual Program ramp-up, the duration of
construction of a new home, and that the final program design will
not be completed until the third quarter of 1992. Note that several
of the data collection tasks will target gas and electric measures

separately and that the findings will also be reported on a fuel type
basis where appropriate. :

Task 1: Review Program Development and Current Program
Progress. A clear understanding of the development of a utility
DSM program is important in assessing the program'’s current
Residential New Construction DSM Program, given the number of
different parties whose interrelationships are vital to the program’s
functioning and ultimate success. In-person interviews with
individuals and groups involved in, or consulted during, the

development of a new construction program will be conducted.
These may Include:

* State and regional home bulider associations.

* Distributors and manufacturers of manufactured homes.

* State and local code officials.

* State energy office (DNR) and lowa Utility Board (IUB).

f—nunnu-u-*l far.e
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R -2

* Utility program planning and implementation staff
* State and local realtor associations.

. Bqujpmmt manufacturers and distributors.

* State banking associations.

* Federal and secondary mortgage agencies - Veterans
Administration, Fannie Mae, Freddie Mac, FHA, etc.

Task 2: Examine Program Targeting and Delivery. In this task IIE::".
results from the participant and nonparticipant surveys, the -
program interviews from Task 1, trade ally focus groups, and u;]."f'f
marketing material review in Task 5 will be synthesized to tf"r
determine if the program has correctly identified the program’s -ﬁ.f, '
market targets and whether these efforts have been successful in 5
generating program participation. %

Review of the new-home buyer participant and nunpanidpam-
surveys will allow an accurate demographic characterization of g
both populations, including: “F

-

&
Wy

=
L]

Ry Ml

* Type of home - custom, speculative, stick built,
manufactured, etc.

* Geographic distribution.

* Urban/suburban/rural distribution

* Median income levels and age of head of household.

* Home size and price.

* First-time home buyer or not.
For participants, these data will be cross-tabulated by program
measures installed. Additional analysis of these data will be _
performed to determine how the decision to participate was made_
and what were the primary factors influencing the decision.

From the non-participant survey results, the analysis will
determine reasons for not participating.

lowa-lllinois-R-1/4P-42
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by

o ey =

Task 6: Review Utility Program Management and .
Administration and Recommend Changes to Improve Progy,ooge:
Efficiency. The evaluation contractor will review each step of hek
utility’s administration of the residential new construction g
program.  This review will also entail a thorough review of the ¥§

program tracking database and program application and Gk
verification forms. The contractor will assess communication ‘5.
channels between utility staff and outside parties, as well as %
within the utility, paying particular attention to mechanisms that
allow the program staff to pinpoint nascent problems and ap“l‘fﬁfh
corrective action. Potential administrative bottlenecks will h; oo

identified and recommended changes suggested. Program stalfing =
levels will be reviewed in relationship to the program’s goals iz
through the year 2000. 17

Task 7: Assess Program Free-Ridership and Snapback Effects. As &
described in Section 2, the evaluation contractor will empioy a' $2-
variety of methodologies to measure program free-ridership and %
snapback effects. In general, two primary approuches will be used

to measure these effects. The first will survey participants and ‘@-’
non-participants on measure choices and occupant behaviors,
while the second will compare pre- and post-program activities. 5i'
The difficulties in evaluating program free-ridership and : é
snapback are compounded in 2 new construction program in that 7
a pre-program condition does not effectively exist. Further, ina ¥
new construction program, the definition of participant and non-".
participant may vary depending on the measures installed and the
program design. With the exception of custom built homes, it is 2
unlikely that the home owner will be the primary decision maker
on the efficiency of the HVAC equipment and thermal envelope. -
As a result, these questions will be directed to the builders and ~ 7

HVAC contractors.

The primary parameters to be measured to assess program
snapback will be changes in temperature setpaints and cooling
equipment operating hours. Participating and non-participating
homeowners will be asked about their current practices and, if
applicable, their practices in their prior residences. The results
from these questions must be carefully interpreted to reflect
changes in household size, operating schedules, presence of
setback thermostats and HVAC system zoning. Participan: home
owners will also be asked directly if their behavior would be
different in a nonparticipating home.

lowa-llincis-R-1/4P-02
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SECTION 7 RESIDENTIAL NEW CONSTRUCTION

7.3.2 Impact Evaluation

The impact methodology for the Residential New Corstruction
Program follows the general procedure detailed in Section 2. The
main distinction for the program is that there is no pre-program
condition to use as a basis of comparison to evaluate the net
program effect. Instead, the energy consumption of the
participants is compared directly to that of a nonparticipant new
construction group. As a result, greater reliance is placed on the
comparison group, and also on the engineering estimates.

Task 1. Select the Sample. This new construction participant and
nonparticipant samples are taken as components of the general
sample described in Section 2.

Task 2. Collect Survey Data. Most of the questionnaire

administered to participant and nonparticipants will be the same
as that administered to the general sample. Some additional
questions will focus on decisions made for the new house design

or purchase.

Task 3. Conduct On-Site Audits, For this program, on-site audits
wili be conducted at nonparticipant homes as well as for
participants. This additional data collection is necessary to ensure
the accuracy of the engineering models, in particular the baseline
assumptions for new construction. It is expected that 100 on-site
audits will be conducted each year.

Data for new baseline construction practices have not previously
been collected for homes in lowa-lllinois’ service territory. The
utility will specify baseline efficiency levels to be assumed for the
engineering analysis. The on-site audit will provide the field data
to compare the new construction practices of the market to the
standards set by this program. The nonparticipant comparison
group will represent the baseline construction practices of the
market in the lowa-Illinois service territory.

Task 4. Refine the Engineering Models. This task uses the on-site
audit data to ensure the accuracy of the inputs to the engineering
models. Of particular importance is the accuracy of the baseline
efficiency assumptions. This information Is obtained from the

nonparticipant auclits.

¥ . 74P 7-11
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other residential Programs, except that
model energy directly, not ENergy savings. Some Predictor  Jf-
Variables may be relevant for new construction that will not be A
considerad for the other programs. - Pl

Task 8. Conduct Demand Savings Analysis. The demand analyzh o
will be conducted according to the Procedures outlined in Section §:
2. For the New Construction Program, the load data will be &
obtained by metering a subsample of Participants and K13

—
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- SECTION 8

NON-RESIDENTIAL BUILDING SYSTEMS
“SHOPPING LIST” REBATES -

8.1 Program Description

This program falls under the Non-residential Building Systems
Rebate umbrella and offers partial cash rebates to lowa-Illinois’
commercial and industrial customers who purchase and install high-
efficiency HVAC and lighting equipment. The program covers a
prescribed "shopping list” of both electric and gas energy-efficiency
measures for cooling, lighting and space heating. The list of
measures eligible for rebates typically includes high-efficiency
cooling equipment (packaged single-zone and rooftop units), high-
efficiency air-source heat pumps, programmable thermostats for gas
furnaces, energy-efficient fluorescent lamps, T-8 lamps and ballasts,
electronic ballasts, occupancy sensors, daylighting controls, HID
interior lighting and exit light retrofits.

Rebate amounts are structured so that the incentives paid reflect
dollars per kW of reduced demand. Incen*ive amounts are
calculated by using a formula to assess the measure's two-year
payback, 80 percent of the avoided costs and 50 percent of the
incremental capital cost. Estimated incentives for the direct rebates
poition of the program are $89 per kW for cooling, $157 per kW for
lighting, $264 per kW for heat pumps and $63 per participanit for gas
heating. All non-residential lowa-Illinois customers are potentially

eligibie for program participation.

This program is designed to complement the lowa Department of
Natural Resources’ local government, school, and hospital energy

programs.
Goals for this program are shown in Table 8-1.

8.2 Evaluation Questions

The following describes the evaluation questions specific to the
Shopping List Rebate Program,

8.2.1 Market Assessment

*  What is the current state of the market? What are the
baseline saturations of standard-efficiency and high-
efficiency measures offered by the lowa-[llinois program
among the eligible customer population?

1 lowa-Dlincis-R-1/4P-02
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NON-RESIDENTIAL BUILDING SYS :
SECTION 8 “SHOPPING LIST" FII':'BIElll1B
Table 81 b3
Non-residential Building System e
"Shopping List" Rebate Program Goals* iy
.-I: k& -
[Technology (T B T 904 :E
Cooling Pancipaton 7] vy 5 i'; :
[Energy Savings 4BOMWh | 1,405 3,216 ‘1:
Demand T4KW ; =
Savings 174 g F:kwﬂﬂ* 1 1':5:.;' :;_
Dghting Panicpation uru—"""m - 4::u __:
Energy Savings 2,020 MWh | 8,560 MWh :.:.f:s =
<
Demand -
o o [ | 3
Heal Pumps Paricipation Eﬂ'ﬁ T 2 3
Demand Savings 24 kW 57 kW 95 kW i
bl =] P 2
Gas Heating Pamcpaton P.Eﬂ_ 555 ““
[Energy Savings 438847Th |11 191 i
Demand Savings 409 Thiday 1,037 1,893
Winter Peak | Winter Peak | Winter
Day Day Peak Day

* Note: FParticipation figures show new participants for each year. Energy and Demard
savings figures show the savings in each year for the cumulative number of
participants

lowa-Dlincis-R-1/4P-#2
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8.2.2

*What are the baseline efficiencies for each type of
What market segments are discernible?

How do the markets this program addresses differ from those
addressed by the new construction program?

Were rebate levels set at levels reflecting approximately two-
thirds of the incremental cost between standard- and high-
efficiency equipment? If the rebates were more or less than
two-thirds of the incremental cost, did it affect participation
rates? Did the rebates affect market prices for standard- and

high-efficiency equipment? How?

When are ordering and stocking decisions made by trade
allies? How might lowa-Illinols’ decisions to change
measures being rebated affect trade allies? What is the best
time of year to announce such changes?

What is the disposition of equipment replaced under this
program? (See Section 2 for & discussion of replaced

equlpt_nent).

Are there other types of equipment that should be included
in this program? What are they?

Process Evaluation
Program Design

How do rebate amounts compare to the incremental costs
associated with purchasing and installing high-efficiency

equipment?

How well does the Non-residential Building Systems:
"Shopping List" Rebate program complement the lowa
Department of Natural Resources’ programs for local
government, schools and hospitals?

Are the eligible technologies appropriate?

lowas-Olincis-R-1/+ P-02 °
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8.23 Impact Evaluation

* What are the energy and demand savings attributable to the
program?

* What are the effects of free riders and free drivers on
program savings (gross versus net savings)?

* Whatare the effects of weather and economic conditions on
Program savings? .

*  What level of persistence is present in the program? Does
vary by measure or end use?

* What degree of takeback (snapback) is indicated by program
participants?

8.3 Technical Approach

8.3.1 Market Assessment

Farticipant Survey. A follow-up survey of Pparticipants will be done
to obtain immediate reactions to their experience with Iowa-Illinois
and the Shopping List Rebate Program.

Participant and Non-Participant Surveys. Mall surveys will be
conducted with participants and telephone/mail surveys with non-
participants to provide data on the current market saturation for
each technology rebated under this Program. A baseline survey of
non-residential customers is being considered to provide basic, pre-
program appliance and equipment saturation data. The surveys
will focus on a mix of commercial and industrlal end-users.

Trade Ally Survey. We will identify and interview a sample of vach
of the trade ally groups, including design professionals and
members of the distribution network. The interviews will be
designed to determine patterns for specifying and selling high-
efficiency versus standard efficlency equipment and how the
program has changed the sales mix of high-efficiency versus
standard-efficiency equipment.

LY
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Staff Assessment. During their interviews, the corporatc and ﬁeld‘%.," '
staff will be asked their views on the markets for each technology 22
currently covered by the Shopping List Rebates and for "'ﬂ"'-lnalio'rd{'
for additions to the list }
5

8.3.2 Process Evaluation &

All participants will be asked to complete a short mail quﬂldonmir:‘.
within six weeks of the completion of participation in the program 7.
As explained above, this survey will focus on participant satisfactic, .
and reasons for participating o

In addition, a combination of mail and on-site surveys willbe -

conducted with program participants to provide both qualitative and -
quantitative assessments of the program. Customers will be o
surveyed regarding attitudes toward and knowledge of the pmgn}u,ﬁ
energy efficiency oriented purchase decisions and self-selection for %
the program. e

A sample of approximately 200 paiticipants and nonparticipants will |
be conducted to determine their lwlrel:ul of the pm?ﬁmpt;e[r .E :
reasons for participating or not participating, and overall reaction to =
the program. {5
The nonparticipant sample will serve as a comparison group for the "
program participants. The purpose of the nonparticipant group s to ;
account for the changes in customer behavior that are attributable to *
factors other than program participation, i.e., economic changes. To %
ensure that the comparison group is similar to the participants, the
sample will include only customers who installed the particular
technology. For example, the comparison group for lighting
participants are customers who installed energy-efficient lighting but
did not participate in the Shopping List Program. The comparison
group of customers will be selected by conducting a brief telephone
survey to screen-out nonparticipants who have not installed the

corresponding measures,

Focus groups and telephone surveys with design professionals,
contractors and distribution channel members will be conducted to

examine their reactions to program mechanisms, their

attitudes toward high-efficiency equipment and their zttitudes
toward cooperation with lowa-Illinois in this program. Trade allies

foe
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will be asked to elaborate on how useful the program is as a tool to
help promote and sell high-efficiency equipment and to discuss the
positive aspects of the program as well as areas that need
improvement. One-half of the surveys will be conducted with
participating trade allies and the other half with nen-participants.

In-person interviews will be conducted with all staff members
mgmmmmmﬂmepmgnm A
sample of field representatives who promote the program to
customers and trade allies will also be interviewed in person. They
will be asked to comment on how valuable they believe the program

not changes need to be made at the corporate staff level to improve
support to field program efforts.

The questionnaires will be designed so that each respondent’s
(customer trade allies and staff) entire experience with the prograra
from initial program communicaticns through rebate receipt will be
examined. Most data collection will occur in the fourth quarter 1992
and in the fourth quarter 1993. '

8.3.3 Impact Evaluation

The objective of the impact analysis is to measure the energy and
demand savings attribute to the lowa-Illinols Non-residential
Shopping List Rebate Program. Impact evaluation requires
establishing a framework to efficiently collect critical measurement
data and enable staff to routinely track the performance of the
program. Therefore, it is critical to develop a thorough evaluation
plan early in the implementation phase.

This section describes the proposed impact methodology for the
lowa-Illinois Shopping List Rebate Program. The plan incorporates

the Iowa-[llinois tracking system to provide preliminary gross
program savings estimates and then utilizes a combination of -

metering, engineering and statistical models Lo refine estimates of
gross and net savings. The impact methodology for the program
follows the general impact approach described in Section 2.

iﬂhl-l’l.lmou-lbt J4P-n2
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consistent set of decision rules are used to generate programs

af.
information. This will identify areas for future enhancements in d.fé?‘
collection and will validate the quality of the data. This task wil) alsy
ena

Task 1: Implementation Analysis. To monitor the activity ang &5
performance of the NR-1 Programs, an implementation analysis g?ﬁ',-:
the data collected in the tracking systems will be performed. The 3.#
database will be reviewed to ensure thé data are complete and thy 3

hhhﬂllmﬂonmulctunndm:mimlfdaumbe iy

incorporated into the impact analysis or if other (either primary ur'f";“:-
5
On a routing basis, preferably weekly or monthly, the Towa-lllingls 2
staff should Benerate program summary statistics in formats that nri'_,

secondary) data are required, “3

consistent and understandable.
The implementation analysis will produce, at a minimum:

* The number of “participants” (some customers may
participate more than once);

* The engineering-estimated energy and demand savings by
product Category and by fuel type; and ?

* Program and participant costs.

The database will also be reviewed for data integrity. The data
collected in the database are critical for assuring that accurate ,

consistent, relevant and complete data are available for subsequent :

program evaluations.

The database will be reviewed for the following:
* Variables with a high proportion of missing values;
* outliers; |

* inconsistencies in the magnitude of the data reported (i.e.
annual operating hours of 10 hours) ; and

L
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NON-RESIDENTIAL BUILDING SYSTEMS
%, SECTION 8 “SHOPPING LIST” REBATES

A T NS

3 * ensure that customers with multiple meters have been
: identified and their billing data combined.

k: Task 2: Define wattage assumptions for installed and replaced

lighting technologies. Wattage assumptions will be developed for

: the installed technologies offered under NR-1 and for the baseline
technologies identified in the implementation plans. To ensure
consistency, XENERGY recommends that wattage assumptions be
obtained from a common data source such as the American National
Standards Institute (ANSI).

Task 3: Estimate the Full Load Hours (FLH), Demand Factor (DF),
Coincidence Factor (CF), and Interaction Factors (IF). FLH, DF, IF,
and CF will be obtained from secondary data for the impact
evaluation. Run meters will be installed to verify the demand factor
4 assumptions and the participant survey will be used to determine

* the percentage of space conditioned floor space to calculate the
interaction factors attributable to cooling bonuses and heating

penalties..

: Task 4: Estimate Engineering Alprlthmi The engineering
algorithms for lighting, air conditioning, heat pumps, and set back
thermostats will be estimated to produce preliminary saving
estimates.

Task 5: Conduct Billing Analysis (Stage 1). The billing histories for
program participants and a sample of non-participants will be
obtained from lowa-Illinois’ customer bllling files. The data will be
b screened to remove anomalies from the date. The data will be

z weather normalized to control for weather sensitive loads. The data
screening and weather normalization process will follow the
approach described in Section 2.

Task 6: Conduct Multivariate Regression Analysis (Stage 2.
Conditional demand and statistically adjusted engineering models
will be specified and estimated to produce estimates of energy

savings.

R e B

13 s o
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1 Conditional Demand Models. The explanatory variables will be
based on date obtained from plrﬂdplrll: and mn-parti:dpant surveys
and may include:
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NON-RESIDENTIAL BUILDING SYSTEMS
“SHOPPING LIST" REBATES

s Implementing Run-time Meters; and

» On-site surveys.

Follow-up Sirvey. The follow-up census of participants will obtain
immediate reactions to their experience with lowa-Illinois and the
Shopping List Rebaies Program, information on their intentions to
install energy-efficient measures without the program (free-
ridership), reasons for participation, effectiveness of marketing
efforts, expected savings, and customer costs.

Participant Non-Participant Surveys: Annual participant and non-
participant surveys will be used to collect information related to
program procedures, realization of savings, persistence take back and
information on customer characteristics, attitudes and behaviors.
These data are used for the process and impact evaluations.

Trade Ally Interviews: Interviews with trade allies will 2xplore
their reactions to the program, communications with lowa-Illinois,
their reported sales of energy-efficient equipment (if available), and
their suggestions for program improvements.

Iowa-Illinois Staff Interviews: Interviews with lowa-Illinols” staff
will explore goal setting, program administration, their perception of
trade ally and customer reactions, and their suggestions for program
improvements.

Run-Time Meters: Meters that measure operating hours by period
(i.e. peak and off-peak) will be installed in a sample of participants.
Diversity, the percentage of fixtures on or off during a paiticular
period, varies by technology and space type. Therefore a sampling
plan will be specified to monitor the operating hours of specific
installed technologies and space types (Le. hallways, interior offices,
store rooms, etc.). The results will produce diversity factors for eacl.
major bullding type. Run-time meters will be installed for 40

program participants.

On-Site Surveys: On-site surveys will be conducted for 40 program
participants. The purpose of the visits will be to:

s Verify the measure installation and determine if the measure
is performing as intended;

Olinois-R-1 /4782

e —XENERGY




SECTION 8

NON-RESIDENTIAL BUILDING SYSTE- s
“SHOPPING LIST” REBATES -
e

—
AT

Sl 5
«Faen

To enhance the characterization of the participant PUPHhI:I.mf

To examine operating schedules and confirm impact
algorithm assumptions; e

Assess the extent of market capture and identify lost
opportunities; and
Install run-time meters.

lowa-[llinois-R-1 /47-02
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SECTION 9 NON-RESIDENTIAL CUSTOMIZED REBATE PROGRAM

9.1 Program Description
The Non-Residential Building Systems Customized Rebates Program

S B Sl U i L B

Dlinois may provide assistance in the form of partial funding for
energy surveys and audits of customer facilities and the preparation
of energy-efficiency improvement recommendations. The program
potentially complements the lowa Department of Natural Resources
(DNR) programs for local governments, schools and hospitals.

TR T TR T S

The program includes both electric and gas energy-efficiency
measures in the combinations service areas of Fort Dodge, lowa City
and the lowa Quad Cities. Only gas energy-efficiency measures are
included in the gas-only service areas of Cedar Rapids and
Ottumwa. Any package of energy-efficiency measures that can

demonstrate energy and capacity savings may be eligible for a cash
incentive. :

——— A agTn T BT

Typical measures that are commonly eligible include:

—r

Electric Measures: High COP/multizone chiller systems

Cooling towers
Double-bundled chillers

8 Ground-coupled heat pumps
Efficient motors for fans
Variable Air Volume (VAV) conversions
Integrated lighting systems
Efficient refrigeration and commercial
appliances
Advanced heat pump systems such as water
loop heat pumps

i Gas Measures: VAV conversions

__ Insulated bullding shell
Large high-efficiency bollers
Large boiler conversions

The estimated incentive for the electric portion of the custemizec
program is $54 per kilowatt. This is the average across a mix cf
measures and provides a simple payback for that mix of measures of

.If.u..mmn-tf4m 91 —XENERGY







NON-RESIDENTIAL CUSTOMIZED REBATE PROGRAM

building renovation and ﬂulroth&wdﬁdm needs will be
explored. Trade allies handling the popular ftems may also provide
valuable insights into the extent of these markets so that Iowa-Illinois

<an develop a better sense of the appropriate level of effort for this
program.

9.2.2 Process Evaluation -

The process evaluation of the building systems customized rebate

program will involve reviewing the experiences of a small number of
participants (a projected maximum of 11 for 1992, 28 for 1993, and 48

for 1994). Each participant may have purchased different equipment
or different combinations of equipment from one or more vendors.
Some participants will also have had an energy assessment
performed. .

TG Rl S
L

e 1% 18

T

Thus, the key issues for this process evaluation will involve
determining for these few participants:

\ * how clearly the lowa-Illinois staff, the consulting
’ conducﬁngmmmuupdﬂutndnmuﬂllMgmd
- servicing equipment understood the Jowa-Illinois program;

* how well utility staff, consulting engineers, and trade allies
communicaled among themselves and with customers;

* whether utility staff, consulting engineers, and tradie allies
provided services and products in a timely manner;

*  whether application and approval procedures were easy to
understand and complete; i

* whether rebates were paid in a timely manner; and

* how well lowa-Illinois staff, consulting engineers, and trade
allies met customers' expectations,

8.2.3 Impact Evaluation

g Do u Bl st LS T ¥

Due to the small numbers of participants projected for both the
electric and gas building systems’ customized rebates, little general
information about energy savings and demand reductions can be
developed during the period covered by the first energy-efficiency

Y SRR
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SECTIONS  NON-RESIDENTIAL CUSTOMIZED REBATE PROG

plan. Detailed information on the energy savings and demand “
reductions related to each specilfic installation will be developeq -
conducting individual case studies of each participant. :

93 Technical Approach
9.3.1 Introduction

Y
The basic approach for evaluating the small number of participants % -
expected in the first year this program is offered will be to develop =2: 1
case studies for every participant. (A small number of participants -
may decline to be the subject of a full case study.) By the second ang -
third years of the program, when 30 to 50 participants are projected,
a non-random sample of approximately 10 participants will be P
selected. The sample would be based upon customer characteristics " :*
and measures installed. Case studies involve personalized data -~
collection methods, including on-site surveys, in-person semi- . 0
structured interviews, and metering of specific equipment. _.‘;} »‘;‘61
9.3.2 Market Assessment % ]
To develop a better understanding of the natural replacement of . | !
building systems equipment, Iowa-Illinois will interview selected 3
customers and trade allies about the market for equipment being
rebated under this program. These interviews will provide
qualitative information on the questions listed above, As warranted,
some of these questions may be addressed by surveys of larger .
samples of customers. More general questions about custorrers’
energy needs and plans for facility changes will be addressed.

e E———

8.3.3 Process Evaluation

Information about customer satisfaction with the process of
participating in this lowa-Illinois program will be obtained from
follow-up interviews with each participant. Thesc telephone or
personal interviews will be semi-structured to allow customers the
flexdbility to mention issues beyond the follow-up inter view topics
being addressed for some of the larger programs.

Additional information about customer satisfaction with the
equipment they have installed and other measures they have
adopted will be gathered from the successive interviews that will be

lowa-Olinois-R-1/41-#2 94
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SECTION 9 NON-RESIDENTIAL CUST OMIZED REBATE PROGRAM

conducted with all participants who agree to be the subject of a case
study.

9.3.4 Impact Evaiuation

| Task 1. Select the Cases for Study: Up to 10 participants per
Program year will be selected for case studies. Ifmorethan10 .
Customers participate in a given year, a non-random sample will be
selected, based on the distribution of characteristics among the
participants. Factors such as SIC, annual consumption and peak
demand, and utility district will be considered in selecting the

sample for study.

——
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x

Taskd. Refine the Engineering Models: This task will be
performed as described in Section 2.

Task 5. Estimate Savings Using Engineering Models and Conduct
Implementation Analysis: This task will be performed as described
in Section 2.

Task 6. Conduct Billing Analysis (Stage 1): The billing analysis for
these case studies will be exploratory in nature. Degree-day models
similar to those used for the residential evaluations will be fit to one
year of pre-participation and one year of post-participation billing
data. However, these models are likely to give unstable or
misleading results If changes take place at several points within these
analysis periods. For commercial Customers, especially larger
customers, major changes can occur fairly frequently.

More complex models will also be explored, to account for all the
changes identified during the year, and link to the metering data.
The billing and metering data will also be used as a basis for
calibrating the engineering models to actual consumption levels.
Revised engineering estimates of savings will be based on these
recalibrated models. i

Task 7. Assess Factors Related to Savings Achieved and Free-Rider
Effects: Because this evaluation will be a set of case studies, no
explicit econometric model will be developed In this task, as is done

lowa-lllinois-R-1 /482 94
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SECTION 9 NON-RESIDENTIAL CUSTOMIZED REBATE PROGRAM

for most of the other programs. Instead, the relationship of savings
achieved to customer characteristics, including economic, attitudinal,
and organizational, factors, will be explored qualitatively. On the
huko!uﬂmlmof‘wnhmlpm;nm”inpuutnuu
recalibrated engineering models will be developed. These will be
used to give a rough assessment of free-rider effects.

Task 8. Conduct Demand Savings Analysis: The demand analysis
will be conducted according to the procedures outlined in Saction 2.
For the Nonresidential Customized Rebate program, the load data
required will be obtained from the special load metering conducted
under Task 1.

-
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10.1 Program Description

The Industrial Process Program offers large
commercial and industrial customers rebates for the installation of
process-related energy efficiency improvements. Two quite distinct
components comprise this program: :

1. A direct rebate option for energy efficient, polyphase, 1800
RPM, NEMA Design B motors rated between 1 and 200
horsepower. Other motors (1200 RPM, 3600 RPM, or other
sizes) and adjustable speed drives are also covered by this

component, with pre-approval required.
2. A customized rebate option for industry- or site-specific

process enhancements.

Eligible customers may either request a process energy assessment or
apply directly for efficiency rebates. Energy assessments will be
conducted by consultants.

The program includes both electric and gas energy efficiency
measures in the combination service areas of Fort Dodge, lowa City
and the lowa Quad Cities. Only gas energy efficiency measures are
included in the gas-only service areas of Cedar Rapids and
Ottumwa. Any package of process-related measures that can
demonstrate energy and capacity savings may be eligible for a cash
incentive.

Rebates are paid in two ways: prescriptive motor rebates are listed
for 1800 RPM motors in the 1 to 200 horsepower range, and custom
rebates are calculated for other motors, adjustable speed drives, and
for process-related measures.. The motor incentives vary with motor

size and are designed to reflect 50 percent of the participant’s
incremental capital cost. ’

The customized rebate amounts for electric and gas projects are
calculated as the smallest of three amounts: the amount required to
buy the payback down to two years, 80 percent of the avoided cost,
or 50 percent of the incremental capital cost. Projects with less than a
two year payback receive no rebate. calculations showed
that incentives would translate into about 38 percent of the
participant’s incremental cost for customized electric process
measures and 50 percent for gas process measures.

lowa-Dlincis-R/1/4P-#2
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SECTION 10 INDUSTRIAL PROCESS OPTIMIZATION

3. The level of customers' interest in energy efficient motors and
adjustable speed drives;

4. The nature of motor purchases, including:

*  occasions for purchases~burnout replacement versus
adding new motors; :

* delivery time requirements-same day, next day, three to
four days, or longer;

*  usual purchasing practices—order from previous supplier,
inquire of more than one supplier, or put out to bid;

* importance of various decision factors—first cost, delivery
time, energy efficiency or operating costs, reputation of
supplier, reputation of manufacturer, and reliability or
quality; and

* existence of motor replacement plans;

* criteria employed in deciding to rewind or purchase
replacement motor; and

5. Ways to work most effectively with motor discributors and
other suppliers.

Due to the varying needs of individual large customers, it is difficull
to assess the market for specific process-related measures Thus, the
market assessment for process-related custom rebates should explore
the frequency, timing and extent of process revisions with key
customers and groups of customers. By assessing the magnitude of
the naturally-occurring investment in revising and updating proces-
equipment, lowa-Illinois will develop a better sense of the
appropriate level of effort for this program.

10.2.2 Process Evaluation

The process evaluation of the motors subprogram and the process
optimization subprogram will address somewhat different
questions. The evaluation of the motors subprogram will need (o
address a moderate number of utility and customer interactions with
trade allies selling and servicing motors and drive components. The
evaluation of the process optimization subprogram will need to
address the details of a small number of transactions involving
specific customers and vendors. -

® Jows.[llinois-R/1 /402 10-3
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B
The evaluations of both subprograms will address the hmd.ammhf‘z-t_
process evaluation questions outlined in Section 2.1.2. Because K
motor programs have met with varying success across the utility
mdusuy,addjﬁnnﬂm“ﬂbohunﬂmmin;mmm

~ and trade allies' needs. Because the process optimization program
relies heavily on individual interactions, questions regarding the
timeliness and perceived quality of service will be included.

10.2.3 Impact Evaluation

Due to the small numbers of participants in both the motors and
process-related custom measures subprograms, little general
information about energy savings and demand reductions can be
developed during the period covered by the first energy 2fficiency -
plan. Detailed information un the energy savings and demand H
reductions related to each specific installation will be developed by |
conducting individual case studies of each participant.

10.3 Technical Approach

10.3.1 Introduction

As noted above in the Evaluation Questions discussion, the two '..
subprograms will require two distinct approaches. The motors . !
subprogram will be addressed with methods appropriate for the goal
of from seven to 34 participants per year. These methods will
include semi-structured telephone or in-person interviews and the
development of case studies. By the second and third year, when 20
or more customers are expected to participate, a sample of
participants will be employed. The process subprogram components
have goals of two to nine electric participants per year and one to
five gas participants per year. Case studies with ir-person
interviews will be developed for each participant who will agree to
case study.

10.3.2 Market Assessment

The market assessment of the motors subprogram will involve sem-
structured interviews with all participants and utility staff and small
samples of two to three trade allies in each of Jowa-[llinois’ electric
operating areas. These interviews will provide qualitative answers
to the questions disted above. Key questions will explore the nature
of the market for energy-efficient motors and adjustable speed
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drives. An optional survey of a larger sample of customers could
provide quantitative answers to the questions about the motor
market and customers' motor purchases.

The market assessment of the process-related custom rebates will use
data collected during regular visits with large customers. Iowa-
lllinois keeps in close contact with major customers. These regular
customer contacts will be used to inquire about customers”:

* energy efficiency needs;
* goals for growth;

-

* plans for remodeling, renovation on facility additions, and

* plans for updating or replacing process equipment.

A brief, standardized questionnaire will be developed and employad .
whenever possible.

10.3.3 Process Eva-'mﬂ&n

Information about customers’ satisfaction with the process of
participating in the Iowa-Illinois program will be obtained from the
follow-up survey of all participants, Additional information about
customers’ satisfaction with energy efficient motors and process
improvements will be obtained from successive interviews with
participants who agree to be the subject of a case study.

10.3.4 Impact Evaluation

The evaluation of the Industrial Process Optimization program will
be done as a set of case studies. The tasks are essentially the same as
those for the Customized Rebate program, and are similar to those
for the statistically based evaluations. In the Industrial Process
Optimization program, motor drives, process heat, and other prccess
energy uses will be addressed. These energy uses will not generally
be considerations for the other programs. The appropriate energy-
efficiency measures will be very customer-specific. As a result, the
models required to estimated program effects, and the data required
to support that modeling will also be very customer-specific.

" lowa-Illinois-R/1 /4P-#2
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SECTION 10

because there Is greater uncertainty about their impacts, and
resolving that uncertainty is Important to decisions about the

program.

Task1: Select the Cases for Study. Up to 10 participants per 73
program year will be selected for case studies. If more than 10 138
customers participale in a given year, a non-random sample will b by <
selected, based on the distribution of characteristics among the “£H8%
participants. Factors such as SIC, annual consumption and peak
demand, and utility district will be considered in selecting the
sample for study.

For each participant, the dates when energy efficiency measures are =i 3
to be adopted will be determined. Some customers may parti pate %, |
in the program more than once, or may participate in multiple P
programs, for different measures. The multiple participation dates »' .}
will be tracked. ey

Task 2: Collect Metering Data. Wherever possible, meters will be X
installed prior to the adoption of energy efficiency measures. End- %
use internal meters will be installed for motors and major process
equipment and will operate both before and after new equipment is
Installed. Simple run-time meters will also be installed to collect

hours of operation for motors and major process equipment.

Task 3: Conduct On-site Audits and Interviews. On-site audits and
Interviews will be conducted to determine detailed structural and
operating characteristics of each case studied. Included in this data
collection will be the key inputs required by the engineering models.
as well as customer information required for the process evaiuation.

lowa-llino's-R/1/4P-#2
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situation accurately is The impact evaluation for this
Program depends heavily on the accuracy of g
estimates.

Task 5: Estimate Savings Using Engineering Models and Conduct
Implementation Analysis. This task wigy be performed as described
in Section 2.

Task 6: Analyze Billing and Metering Data. For the Industria)
Process Optimization, the end uses for which, efficiency measures are
adopted wil] ordinarily not pe significantly Imupnrltu;e-depmdmt
loads. Asa resujt degree-day models such as theee described jn
Section 2 are unlikely to be of much use.

Instead, more complex models wil] be explored to m: for all the
changes identified during the year, and link to the metering data,
The billing and etering data will alse be used as a basis for

i 1

Fffects. Because this evaluation will be a get of Case studies, no
explicit econometric moel will be developed in this task, as is done
for most of the other Programs. Instead, the relationship of savings

Task 8:. Conduct Demand Savings Analysis. The demand analysis
will be conducted according to the Procedures outlined jn Section 2.
For the Industrial Process Optimization Program, the load data
required will be obtained from the special load Mmetering conducted
under Task 1. '
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NON-RESIDENTIAL NEW BUILDING
SECTION 11 — CONSTRUCTION PROGRAM

11.1  Program Description =

The Iowa-Illinois Non-Residential New Building Construction
Program provides financial incentives to encourage the
incorporation of energy efficient practices in new commercial

construction. Under this program two general types of incentives
are offered:

-— e

*  Design incentives to help defray the potentially higher cost
associated with energy efficlent design.

* Equipment incentives to reduce the first-cost barrier to
include energy efficient measures in new buildings.

The program’s equipment incentives are offered in two forms. The
prescriptive portion of the program offers incentives on a per unit
basis for a list of pre-screened new construction measures. The
comprehensive program portion offers a $/kW incentive for savings
calculated relative to a utility-defined baseline. Savings will be
determined by computer modeling. For planning purposes, the
incentive level for the custom program component was estimated to
be, on average, $54/kW and is identical to that paid by the Non-
Residential Bullding System Customized Rebate program. Actual
rebate amounis will be calculated on a bullding and measure-specific
basis. Measures with a payback of less than two years will not be
eligible for an incentive. The prescriptive rebate amounts are based
onan average incentive payment of $149/kW and are consistent
with the Non-Residential Building Systems Shopping List Rebate
Program. Actual incentives will vary by measure. These rebate
levels represent an estimated 50 percent of the incremental measure
cost under the prescriptive program pathway and 17 percent of the
incremental cost for the comprehensive program component.

BT T R YT TR T e S P A T T

The program’s participation and imapct goals for the first six years
are shown in Table 11-1.

&
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* Note: Participation figures show new participants

savings in each year for the cumulative number of

for each year, Energy and Demand savings figures show the
participants.

lowa-[lincis-R-1/4P-92
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Figure 11-1
Non-Residential New Construction
Year 1-6 Goals and Estimated Impacts*
[Prescriptive 1 1983 | 10ea | 1998 1996 1 7 2
"Paricpaton | 0 r} [] 12 17 9
Gaoal
omMwh | 122 (823 MWh | 1,342 Mwh | 1.52
"Emrw i 1 Mwh
Demand 0 kW aTeW | 121 kW 251 kW 410 kW 587 kW
Savings Summer | Summer | Summer | Summer | Summeron- | Summer on-
on-Peak | on-Peak | on-Peak _;lﬂ'tdl Peak Peak :
Comprehensive | Paricipaton | 0 0 2 B 4 ==
Goal
Energy OMWh | OMWh | 464MWh | 920MWh | 1,857 Mwh | 2.7860Wh ]
Sﬂﬂl
Domand 0 kW okw 140 kW 200 kW | 560 kW 840 kW
Savings Summer | Summer | Summer | Summer | Summeron- | Summer on-
on-Peak | on-Peak | on-Peak on-Peak Foak Peak
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SECTION 11 CONSTRUCTION PROGRAM
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participant populations; building type and size, owner-
occupied/tenant, spec-built/custom, urban/rural

* For the above characteristics, how do the comprehensive and
prescriptive participants differ (Note that data on

comprehensive program participants will be limited in this
evaluation cycle)?

* What are the assumed baseline efficiencies for this program?
How were they established and how well do they reflect
current practice as well as participant practice in the absence

of the program?

* Who is (are) the primary decision maker(s) regarding the
installation of high rfficiency measures and program g
participation? . '

* During the design/build process, whan are the best points for |
the utility to influence the decision-making process? :

* What is the typical design/build timeframe? How does the
duration differ significantly by building type or size?

* How does the new construction program market differ from
the replacement component of lowa-Illinois’ retrofit
programs?.

¢ Are there other equipment types that should be incorporated
into the program.? If so, under the prescriptive or

comprehensive path?
11.2.2 Process Evaluation

*  What are the program’s key goals? How were they
addressed during program development?

* What important issues emerged during initial progran start-
up and implementation? Have program features or
marketing approaches changed to address them?

lowa-Mllinois-R-1 /4P-#2 114
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11.2.3 Impact Evaluation :

The impact evaluation of the Nonresidential New Construction
Program will place primary emphasis on the use of engineering
algorithms to compute energy and demand savings The use of
billing analysis and metering will be limited, in large part because
there is no pre- and post-treatment cases for each participant.
Similarly, participant versus nonparticipant comparisons are of
limited use given the small population invclved. There is likely to be
too much variation both within and between the two groups to allow
valid comparisons to be made. Further, the use of billing analysis in
new buildings may be constrained by numerous changes in
occupancy over a short period, particularly in larger facilities built
on speculation. ’

While the impact evaluation will rely primarily on engineering
estimates, metering and other data collection activities will serve to ;
verify and refine the inpuls to the algorithms. Depending ontheend
uses to which the greatest program savings are ascribed, metering

can be performed to verify and determine total runtimes and hours

of use relative to Jowa-Illinols’ avolded cost time periods. .
Additionally, metering can be useful to refine estimates of peak

impacts at both the building and utility level.

Another important consideration in evaluating the program is
whether there are significant lost opportunities among participants
that are not captured by the program. Obtaining these DSM
resources at a later time as retrofit measures will usually entail
procuring them at a higher cost. Further, does the prescriptive or
comprehensive program component obtain more of the availaule
cost-effective DSM resources?

11.3 Technical Approach
11.3.1 Market Assessment

The majority of the market assessment tasks for the Nonresidential
New Construction Program will be unique to the program, though
some of the activities will be performed in conjunction with the other
nonresidential programs, primarily the Customized Rebate Program
and the equipment replacement components of the Shopping List
and Process Optimization Programs. Two of the main goals of the

I

lowa-[llinois-R-1/4P-82 1146



SECTION 11

NON-RESIDENTIAL Npw ool
CONSTRUCTI Gy S Uty

: ‘-J- £

ey
A

both the realities of pl:ogﬂ.m Operation as wel] a4

those involved with the Program. The program-, -
be determined and recommendations made 10 improve pre: .

ts.
of measure-specific issues addressed may
uses with significant activity, such as lightin

i
The initial process evaluation task will be to reyjesy the procrypdetis
history, development and current implementation. oy, ulilifysiee
corporate and field staff will be interviewed. These interviewy ig
allow the evaluation team to provide immediate, short-
recommendations to the Program’s planning and impleme:
staff,

of the required program data are pro perly entered.

Participant and nonparticipant surveys will be done in conjunct
with the market assessment task. The entire participant popul
will be interviewed as well as a similar, or possibly larger, sar
nonpariicipants. However, as noted above, the participant saz
Projected to be quite small. Only four participants are anticlp -

surveys may be done for each facility. Targeted part
owner, developer and the design professionals involved in

equipment specification,

Prior to the rticipant and nonparticipant surveys, focus F""? o
semi-stmmpr:d personal interviews will be held with owrll:r;. ol
developers, design professionzls and trade allies. The 80-" ek

focus groups will be to provide more immediate 1'm=1:1"ﬂ'rtf;::i pant/ (B
and to provide direction on the development of the pa r g
nonparticipant surveys or interview guides. "3
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SECTION 11

NON-RESIDENTIAL NEW BUILDING
CONSTRUCTION PROGRAM

11.3.3 Impact Evaluation

The measurement of energy and demand savings among program
participants will rely primarily on engineering algorithms for which
selected inputs have been validated by both telephone surveys and
on-site data collection. The on-site data collection activities will
consist of facility surveys and targeted end-use metering, The initial
tasks are similar, if not identical, to those for the Nonresidential
Building System Shopping List Rebates (NR-1) Program and are
repeated below. Metering data from the shopping list program will
be used to supplement that collected from the new building

construction program participants.

Task 1: Define Wattage Assumptions for Installed and Replaced
Lighting Technologies. Wattage assumptions will be developed for
the installed technologies offered under NR-1 and for the baseline
technologies identified in the implementation plans. To ensure
consistency, XENERGY recommends that wattage assumptions be
obtained from a comumon data source such as the American National
Standards Institute (ANSI).

Task 2: Estimate the Full Load Hours (FLH), Demand Factor (DF),
Coincidence Factor (CF), and Interaction Factors (IF). FLH, DF, IF,
and CF will be obtained from secondary data for the first year
evaluation. For subsequent years, end-use metering data will be
collected for a sample of participants to provide seasonal full load
hours and coincidence factors for each of the building sectors. Run
meters will be installed to verify the demand factor assumptions and
the participant survey will be used to determine the percentage of
space conditioned floor space (see Validation Plan). These data will
be supplemented by available utility load research data.

Task 3: Develop Engineering Algorithms. The engineering
algorithms for lighting, air conditioning, heat pumps, set-back
thermostats and other installed measures will be developed to
produce preliminary saving estimates.

Task 4: Conduct Billing Analysis. The billing histories for
program participants and a sample of nonparticipants will be
obtained from Iowa-lllinois’ customer billing files. The data wil! be
both screened to remove any anomalies and weather normalized to
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On-Site Surveys and Metering. Through the third quarter of 1994,
all program participants up to a total of 20 will receive on-site visjpy_ i
The purpose of these visits will be to: i

* Further characterize the participant population.

. Ven@mummummmmmummmh
performing as intended.

*  Assess mmdmupmmdldenﬂfy lost
opportunities in other end uses.

* Install run-time and other metering equipment to collect data
on end-use operating patterns and demand impacts.
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APPENDIX A METERING PLANS

A1 Guiding Principles -

Metering represents one component of an overall evaluation strategy that incorporat.s several
tools, including surve » Statistical analysis, and engineering methods. Many tools are necessary
for accurate evaluations because energy or demand savings can never be measured or observed
directly. Rather, savi ngs must be derived from differences in measured and observed quantities.
The consequences of this constraint severely limit the effectivenass of using metered data alone to
formulate DSM savings estimates. However, metered data analysis, when combined with other
evaluation techniques, can certainly increase the precision of DSM savings estimates.

The extent to which metering constitutes a cost-effective evaluation tool for a 788 DOM program
will be driven by scveral factors, including:

The number and vur-iety of program participants
The types of measures involved
The nature and magnitude of the savings per measure

The availability and reliability of supplemental data acquired using other evaluation
toois

® 8 @8 @

. A partial list of tools available for program or technology evaluation includes the following: -

Monitored Inf ormalion

visual inspections
customer sy rveys
specificaticn and quality control of tracking data

obtaining manufacturer's data (from nameplate data and documents)
engincering or simulation models

Melered Information

whole building demand or energy metering
end-use k¥VA, kW, and/or kWh metering
end-us¢ operating hour metering

measurement of end-use variables such as cooling load, temperature, motor speed,
equipment efficiency, etc. :

s We can define monitored information as that which can be obtained without physical measuring
k equipment (e.g., the monitored items shown above.) Similarly, we can define metered information
B 25 that which requires physical measurement équipment of varying sophistication and cost (i.e. the
metered items shuv.r, above), Whether or not additional monitoring or metering is justified in a
g 8'ven situation depends on whether or not the value of the increased precision obtainable from a
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given method exceeds the method's cost and whether another method exists which could pmm,
the same information for less cost.

All of the tools listed above could help to tmpmﬁﬂnpuchlanufmgy and demand savings
estimates, but the cost required to obtain the different forms of information varies greatly. The
ultimate goal is to combine all of these tools in a cost-effective way to ensure that a satisfactory
level of precision is attained. The targeted level of precision should be dictated by its associated
costs and benefits (discussed in Section A-4).

Two new developments improve the role of mttutng and monitoring within DSM evaluation.

The first is hardware-based. The metering industry has developed high volume/low cost
metering techniques which murd the components of energy savings, such as hours of operation
(component of energy savings are discussed in Section A.3).

The second development, which is software-based, consists of new analytical techniques being
developed which permit the computation of precision using component-based metering and
monitoring. This analytical technique allows an evaluator to identify what data components in an
impact evaluation have the most influence on the precision of savings estimates. These
components can then be targeted for additional data collection (discussed in Section A.3).

This section describes the steps that will be followed to formulate a metering and monitoring plan
for the lowa programs. The following principles will be used to guide che development of this

plan:
* Evaluation goals will be well defined before data collection begins.

* The incremental cost of data colleciion should not exceed the incremental value of
metering.

* The plan will use multiple evaluation tools designed to capture the variables of interest
(see list above for a partial list of these tools).

A key objective of each plan will be to define cost-effective metering. Traditionally, gross savings
estimates have been computed using one or a combination of methods, including engineering

estimates, statistical billing analysis, and end-use or facility metering. The cost and resulting
precision obtained from these methods vary significantly. Typically, the relative cost/precision of
each of these methods for a single site observation is as follows:

Cost Precision
Engineering Estimates Low Low
Statistical Analysis Med/Low Med
Metering High High
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Intuitively, any move up the unit cost scale from engineering estimates to metering must be
justified by the value of the resulting precision gains. Ideally, the most cost-effective precision
gains can be attained by proficiently combining all three methods for an entire sample. Identifying
the components of the value of precision will be discussed in Section A 4.

T

v A2 Sources nl DSM Impact Uncertainty
: The precision of a program savings estimate is driven by the lollnwtn; underlying factors:

A + data collection limitations
; * Dbaseline energy-use assumptions
= variance in participant characteristics and behavior

Data collection limitations introduce error in the form of instrumentation error, observation errar,
normalization error and temporal error. Each of these error types is discussed below:

Instrumentation error refers to the precision limitation of physical measurement equipment.
This error is usually random and negligible compared to other error sources (e.g., on the
order of 1% or less for most measurement devices).

Observation error refers to mistaken interpretation and/or inaccurate reporting of observed
data, such as inaccurate equipment counts or mis-read model numbers. The significance of
observation error varies, depending on the data collection mechanism used. For example,
error tends to be large when customers are asked (o estimate equipment counts over the
telephone. Conversely, the error tends to be small when trained auditors conduct on-site

surveys.

Normalization error is introduced when data are adjusted using regression techniques to
account for weather, occupancy, and behavioral changes over time and across participant
and nonparticipant populations. This component can contribute significantly to savings
estimate error.

Temporal error refers to inaccuracies in projected long-term savings estimates based on
extrapolated data gathered over a limited period of time. This error can also constitute
significant error in impact evaluations.

Savings estimates for a single metered participant contain error due to both data collection
limitations and baseline energy use assumptions (the latter being defined as the changes in usage
which would have occurred in the absence of an energy-savings measure). To further complicate
the problem, error terms, such as instrumentation error, become magnified wher: applied to
savings estimates. This results from the fact that savings cannot be directly measured, but must be
computed as the difference between two measured quantities. Since the instrument error is given
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as a percentage of the quantity being measured, rather than a percentage of this difference, the
error quantity constitutes a larger percentage of the savings estimate.

Program savings estimates for all participants contain, in addition to data collection and baseline
error, error due to variance in participant characteristics and behavior. When estimating program
savings, inferences about the population of participants are drawn from sample data. Although
attempts are made to adjust the data to reflect variations in physical and behavioral customer
characteristics, significant error can result. The size of this error depends on many things,
including the magnitude of customer to customer variance, the number of obsarvations drawn
from the population, and biases in sample selection.

By itself, metering can provide precise information about individual cusiomers. However,
metering alone cannot give precise information for the whole customer population, unless the
population is very homogeneous or the metering is conducted for a very large number of

custorers.

Before specifying a metering and monitoring plan, all of the components of evaluation error
should be assessed to ensure that the robustness of the plan is compatible with the cverall
evaluation approach. The targeted precision of the data collection plan, including metering,
should be combined with the targeted precision of the other error components to ensure that the
targeted precision of the overall evaluation can be attained. Generally, the metering and
monitoring plan should be designed so as to not exceed the “error budget” allocated to this _
evaluation component. Conversely, the plan design should not aim for extremely high precision,
if these errors will be negligible compared to the targeted precision of the other evaluation
components. This consideration is of special concern If the cost required to attain such precision
negatively affects the DSM program's cost-effectiveness.

A.3 Estimating Metering and Monitoring Error

As discussed earlier, energy and demand savings cannot be measured directly, but must be
calculated from measured values. Therefore, for a given metering and monitoring plan, some type
of savings equation is required to establish a savings estimate. Although these equations may

- resemble engineering algorithms, evaluation techniques using actual metered or observed data
should not be confused with "engineering algorithm" approaches, which typically use generic
measure savings data combined with limited program-specific data such as number of

participants.

One approach to identifying the information that should be gathered as part of a metering and
monitoring plan is to investigate the error contributions of the individual componenis that make
up these savings calculations. Estimating the achievable precision improvements for these
different components can help indicate which are the most likely candidates for additicnal
monitoring or metering. This concept can best be illustrated with an example: 1
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A simplified estimate of savings resulting from a lighting efficiency improvement for a given
participant can be calculated using the following equation:

E = (Wp-Wa) x HRS x INST (Equation 1)
Where: E = Est. energy savings due to lamp replacement project
Wp = Est. wattage of inefficient lamp
Wa = Est. wattage of efficient lamp
HRS = Est. operating hours (before & after usage assumed equal for simplicity)
INST = Est. number of installations

— Y o e s Sp—

As shown in the equation above, the energy savings estimate Is derived from several variables.
Consequently, the savings estimate precision is a function of the individual precision of each of
these variables. One could estimate the expected value and standard deviation of each of these
variables based on infarmation from manufacturer's data, program tracking databases, metered
samples, and other sources. In some instances where explicit information is unavailable, it may be
more practical to estimate the absolute confidence interval for a given variable rather thana :
standard deviation. For the purposes of our example, assume that the following estimates of the

expected value and expected error were obtained from various sources (for error estimates,

assume 90% confidence levels): -
Tablel

Variable “Expecied Value ~ Expected Errof

W 177TW 5%

Wa 112W 5%

HRS 3000 hrs 50%

INST 300 lamps 20%

For a given confidence level, the approximate degree to which the uncertainty of any one of these
individual variables affects the precision of the total savings estimate can be calculated using
established methods. The results for a 90% confidence level are shown below:

Table2
Expected Coniribution 1o % Coniribution 1o
Variable value of E Precislon Total Varlance
Wo 58.5 MWh +13.62% 5E8T%
Wa 58.5 MWh + B62% 2.35%
HRAS 58.5 MWh £ 50,00% 78.12%
INST 58.5 MWh & 20,00% 12.68%
Tots! 58.5 MWh «56.21% 100.0%
lowa-Minois-R-1/47-02 AS
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The overall precision of the savings estimate can then be calculated by applying a root-sum
square-formula to the individual uncertainty values attributable to each variable. The rcsult in oyy
example provides an overall savings precision of £56.21% with 90% confidence.

If we wanted to improve this estimate of precision, It is apparent from the table above that
reducing the uncertainty of operating hours (variable HRS), if possible, would provide us the most
significant benefit since this variable contributes most significantly to the uncertainty of our
overall savings estimate. If it were possible to reduce the uncertainty of this variable by half (ie,
25%), the resulting precision of the savings estimate would be improved to £35.8%. Conversely,
in the context of our example, less benefit would be gained by reducing the uncertainty of the
variable Wb. Even If it were possible to reduce this uncertainty to 0%, the total savings precision
would only improve to about £ 54.5%. Note that an underlying assumption of our example is that
the rated wattage of the pre-measure fixtures was available in our tracking database. If not, the
error of this variable would be significantly gresier and would probably constitute most of the
cavings estimate error. This demonstrates the value of gathering monitored data, or visually
observed data, as well as metered data. With careful quality control, reasonably accurate
monitored data can usually be gathered for much less cost than metered data.

As illustrated in this example, the goal of a data collection plan should be to improve the estimates
of all the savings equation variables in a cost-effective manner to attain the error budget
established for the data collection component of the evaluation. In our example, a large number of
run-time hour observations could be obtained for the same cost as would be required to collecta
few observations using 15-minute interval demand metering equipment. As a result, greater
precision could be obtained for less cost.

The analysis framework illustrated in the example above can be generally applied to any DSM
program to identify what data components should be gathered to most efficiently improve
precision. An important component of such an analysis is estimating and comparing the cost of
attaining measured observations of the various data components.

A.4 Metering Technology

Large-scale metering of DSM measures for impact purposes first began as a utility load research
activity. In this activity utility companies investigated how their customers used energy in order
to better design rate structures and to better predict load growth.

Under PURPA regulations, utility companies are required to meter a representative sample of
customers using whole-building fifteen minute data collection. Typically, the samples are selected

by rate class and are used to support rate filings. Commercial building PURPA samples are in the
300 to 500 range.
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iince 1980, several utility companies have undertaken ambitious enduse metering programs. The
0al of these programs has been to account for all the electric use in buildings by end use at fiftzen
~inute intervals. In the Bonneville Power ELCAP program, about 65 commercial buildings have
seen metered by end use since the mid-1980s, Southern California Edison and Central Maine
>ower have metered hundreds of residential facilities (hot tubs are an SCE end use). Pacific Gas
ind Electric’s commercial enduse metering program is about two years old and includes 45

samples. ;

All of the end-use metering programs mentioned above share certain characteristics including

high expense, intensive data collection, large amounts of data. As one practitioner has described
it. data arrive with the force and volume of water through a fire hose. However, the process has

provided fundamental insight into the electrical consumption pattemns of buildings.

Because of the history of metering in load research, the first approach to metering for evaluation
purposes has bezn in that mold, with an orientation towards comprehensive, long-term, end-use
data collection. However, because of the fundamental difference in purpose between load research

and evaluation, the mold can be broken.

Fundamentally, load research requires an understanding of all electrical consumption ina
building; DSM evaluation requires an understanding of a technology. DSM evaluation must
capture the performance of a technology and the performance variance from bulldiig to bulilding,

A4.1 The New Menu of Metening Options

Metering does not come in one flavor anymore. The metering industry has recently developed a
number of devices which are specifically designed to capture components of the savings equation
at a considerably lower cost then classic end-use metering. Figure 1 presents the range of metering
technologies available. A description of the metering characteristics is provided below:

Target. Load research projects have targeted end uses. These projects attempt to account for all
the energy consumed in the building by end use. For DSM evaluation, the target is usually an
appliance. An appliance can be a motor, a fixture, a lighting circuit, a chiller or other device which

is examined for its energy performance.
Period of Metering. The duration of the metering period cin be characterized as follows:

« Long-term - Approximately three months or more.
e Short-term - Approximately less than three months.
 Spot - Instantaneous readings.

The split between iong and short term is somewhat variable. Long-term metering is characterized L
by the need for a modem for transmission of data and a requirement for purchase, rather than
lease of metering equipment due to the extended installation period.

. lowa-Mlinois-R-1/4P-02 A7 . —XENERGY
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Frequency. The frequency at which the data are logged is characterized as:

Hourly - Data recorded at least hourly for load profiles. May include daily recurding for
some applications.
Period Logging - Accumulated run hours per time period (Le., off-peak and on-peak)

over the period of metering.
Totalized - Accumulated run hours or kWh over the period of metering.

Measured Value, Typically, measurements include:

Volts - Voltage is generally constant. Measurement requires an electrician using devices
which make conductor contact.

Amps - Electric current varies with load. Measurement of electric current alone provides
a good indicator of part-load performance of a device. Measurement can be ricn
intrusive using a current transducer which looks like a big clothes pin. The measurement
usually requires an electrician. -

kW - Complete power analysis can require seven sensors: voltage and current for each
leg of a three phase circuit and a separate single sensor for power factor.

On-Off - For static load devices (lights, motors), hours of operation is an important
parameter. Hours of operation can be measured by wiring a device into the circuit of
interest and monitoring the on-time. This requires an electrician and is intrusive. A
second approach is to indirectly sense on/off time. Lighting hours of operation can be
sensed using an optical pick-up which counts on-hours when light is sensed. Motor
hours of operation can be tallied using a device which counts on-hours when a magnetic
field is sensed. These devices are mounted with magnetic strips and do not require
electricians.

Other inputs - Instrumentation is available to measure temperature, pressure, flow, rmp

and virtually any required parameter - at a cost.

Resulting Parameter. The resulting data include:

& & & 8 @

Hours of Operation  Accumulated equipment run-time.

kWh Accumulated electric consumption.

Operating Profile Percent of full load at hourly intervals.

Part Load Percent of full load at which the device Is operating.

Power Analysis Complete load characterization including power factor, amps,
volts.

kW profile kW consumption at hourly intervals

Data Processing. Administration, computers, QC and data massaging can add substantially to the
cost of metering beyond installation and hardware. Long-term hourly metering requires a layer of
administration to QC, manage and massage the data. Short-term hourly matering can be installed,

—
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deinstalled and analyzed by a single engineer; however, analysis generally requires a PC and
number crunching. Devices with LED readouts (amp meters, hours of operation loggers) require a
simple read which can be taken by any staff and requires little additional analysis.

The final column presents a cost per point. The cost Is somewhat incremental. It is interesting to
note that the lower end costs can be driven primarily by the cost of getting on site. If some of these
measurements can be integrated with verification surveys, low costs are indicated.

A5 Suggested Development Approach Toward Metering and Monitoring Plans
Suggested steps for development of a detailed metering plan are:

Identify cost-effectiveness criteria

Quantify measure parameters

Use gross impact methodology to derive sample sizes
Examine measures and develop unit costs for metering
Iterate to select most cost-effective mix

o ol ol

A.5.1 Identify Cost-Effectiveness Criteria

A framework should be developed to evaluate the cost-effectiveness of metering and monitoring.
This framework requires the utility to assess the value of the information gained in DSM
evaluations. Improving savings estimate precision alone does not directly or immediately increase
the actual kW and kWh savings resulting from the DSM measure itself. Improving precision
simply provides the utility with improved accounting controls. These accounting controls
constitute DSM "overhead” in that they do not contribute to the savings “revenue” generated by
DSM programs. To realize any benefit from these accounting controls, a utility must actively apply
them to improve its operations. Still, benefit is associated with these accounting controls and it is
these benefits we need to identify and quantify in order to complete an optimization model for

planning impact evaluations.

Several functional areas within a utility could potentially benefit from having detailed information
on measures, but uses of this information could vary substantially. Some potential benefits of
improving the precision of DSM impacts include:

1. Increased reliability of the DSM "resource” as part of a utility’s integrated resource plan,
thereby reducing the reliance on costly and environmentally harmful supply-side

options.

2. Improved planning and implementation of DSM prograrms as a result of improved inputs
to technical assessment and DSM market research.

3. Improved reporting to regulatory bodies, resulting in increased DSM incentive earnings

and in favorable and expeditious treatment.
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4. Risk avoidance Iuﬂhu‘ld to the small, diverse nature of DSM resources as compared to
the large, centralized nature of traditional supply-side options.

To assign value to these various benefits, valuation models can be developed based on a given
utility’s unique circumstances. To develop such models, a utility should survey the areas within

its organization that could potentially benefit from this information and quantitatively interpret

how each of these areas measures or perceives.the value of this information. This exercise can
reveal surprising applications of impact evaluation data and possibly locate additional sources of*™
funding to support evaluation work.

To demonstrate this concept, one justification for increasing the precision of evaluation estimates
might be to verify DSM's contribution to a utility’s generating capacity (base-load or peaking). To
maintain a reliable margin of reserve capacity, resource planners may only be willing to
incorporate the most conservative estimate of DSM savings into the utility’s integrated resource
plan (IRP). Therefore, improving the reliability, hence precision, of DSM savings could increase
DSM's avoided-capacity value. This relationship, graphically depicted in Figure 2, could form the
basis of a model for establishing the aveided-capacity value of precision increases in DSM

evaluation:

DsM
Demand {
Savings Less Avoided Marginal Cost of Capacity
kW) precise ~ {slope of lines = marginal value of
method More kW for two different cases):
precise
method  Case 1 - Precision increase not
- fustified
* .[ Case 2 - Precision increase
ol justified
ST Evaluation Cost (8

y
Figure 2

Estimated avoided-capacity savings for two different
evaluation approaches vs. cost

In the figure, the vertical solid lines represent the error bounds on DSM savings estimates for two
different evaluation approaches. The cost of the more pracise method exceeds that of the less
precise method by amount y. However, the more precise method yields a savings estimate with a
narrower error bound than that of the less precise method. Therefore, if the more precise measure

——
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were used, resource planners might be able to include more DSM capacity in their integrated
resource plan, thereby allowing them to defer generating capacity equal to amount x . The gray
lines in Figure 2 represent two very different avoided-cost scenarios (Le., the utility's marginal cost
of procuring additioral generating capacity). In the first scenario (Case 1 in Figure 2), for the
incremental cost of the more precise method, the amount of generating capacity that the utility
could have procured is greater than amount x, Therefore, the more precise evaluation method
would not be cost-effective. in the second scenario (Case 2 in Figure 2), for the Incremental cost of
thé more precise method, the amount of generating capacity which the utility could procure is less
than amount x, Therefore, the more precise evaluation method might be justified. However,
because all we have compared is the relative cost-effectiveness of the two methods, another
method and/or sample size might exist which provides even greater cost-effectiveness.

A.5.2 Quantify DSM Measure Parameters

Information from research on measures must be prioritized, i.e., a value placed on the information
in order to rationally allocate precious metering resources. Metering provides better information
about a measure performance. Better information about measures that are expected to be
significant contributors to DSM programs is intuitively more valuable then poor information about
an insignificant measure. ]

Therefore, the next step is to examine programs and identify for each of the measures in the-
program:

Projected impact;

Projected utility benefit (in avoided cost, incentive, &s decided above);
Number of participants;

Cost-effectiveness;

Cost to install: customer, incentive and administration costs;

Key impact assumptions (hours of operation, setting, etc.); and

Other issues, such as political sensitivity, problems, etc.

. @ * & L] LI

A.5.3 Examine Gross Impact Method to Determine Sample Sizes

The strategic gross impact methodology will determine the number of sites which must be
monitored. Since technology characteristics are measured, rather than program characteristics, the
plan will identify sample sizes by measure rather than by program.

Strategies of metering and monitoring can vary, depending on their specific role with the larger
evaluation framework. Common strategies are described below:

e Case studies/Technology Assessment - Metering can be used as a tool of fundamental
building science research. The purpose of a case study is to characterize the performance
of a technology, not to compute program-wide impacts. The results of a case study are

lowa-[lincis-R-1/40-02 A-11
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not statistically significant; however they may lead to conclusions about cost-
effectiveness or provide estimates for planning purposes. They can be useful in
understanding implementation problems, in determining the technology performance
(though not the variability of that performance from site to site) and as marketing fodder.

The number of metered sites is largely based on judgment. Fora technology
demonstration site, one site may be adequate. For gross scaling of estimates, a site in
each major segment may be adequate.

Metering for a case study, rather than for direct impact evaluation, may require
additional metering points to further characterize performance of a system. For example,
a kWh totalizer operating over the pre and post periods may be adequate for impact
calculations of a VSD pump application. For technology assessment, additionzl points
such as pump speed would be useful for development of load curves.

Some examples: XENERGY conducted a metering case study of a daylight dimming
system for Northeast Utilities. The results froma single site demonstrated that

technology could achieve significant savings and a difference in performance between
manufacturers. Metered points included incident insolation, fifteen minute kW of test

and control, fifteen minute ambient temperature.

A case study might be useful for analyzing a new or controversial technology such as
liquid pressure amplifiers, a heavily marketed device which is claimed to reduce

refrigeration energy use.

In a case study for NYSERDA, Xenergy will demonstrate the efficacy of occupancy sensor
controls in multiple space types in four bulldings using fifteen minute kW metering.

e Direct Impact Measurement - Impacts can be directly measured by metering a sampleora
census of participants. Any sample selection must be statistically significant in order for
this approach to provide valid results for the program as a whole. The sample size v-ill
be driven by the site-to-site variability of the parameter of interest.

Usually, it is not cost-effective to meter a statistically significant portion of program
participants, unless there are very few participants.

Direct impact measurement is most cost-effective for large Impact measures in large C&l
programs. It is reasonable in these cases to establish a protocol requiring before and after

measurement.

Some Examples: Boston Edison Company requires baseiine and post-instaliation
metering of participants in their large Cél Energy Partnership Program. Too few sites

have gone to implementation as of now to gage the success.
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account for 1-2% of total impact (al Programs). Each of these will be metered
Bay State Gas will meter a statistically significant sample of participants i, their DS}
Programs, using whole building fifteen minute data, However, the g is

sccomplished through the use of an automated billing system which greatly reduces the
Incremental cost of metering,

AS54 Develop Unjs Costs for Metering

After identifying the sample sizes, the next consideration s the unjt metering cost. This cost is
determined by the measures and parameters of interest. Sam le sizes and target

A.5.5 lterate

After initia] estimating costs and sample sizes, cost-effectiveness must

sample sizes and metering technologies can pe readjusted 1o lmpmccmt-cﬂ'acﬂvenm.
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APPENDIX B

PRELIMINARY ENGINEERING ALGORITHMS

E.1 Engineering Algorithms

The lowa-Illinois tracking system will be used to provide
preliminary savings estimates. A series of engineering algorithms
will be specified and estimatec to measure program impacts on an
on-going basis. The routine tracking of the program’s performance
will indicate areas of the program that should be modified to
enhance its savings impacts. lowa-Illinois Non-residential Building
Systems Shopping List Rebate Program (NR-1) provides monetary
incentives to commercial and industrial (CéD) customers who install
energy efficient lighting, air conditioning, heat pumps, and -
programmable thermostats.

The following engineering algorithms represent the preliminary
model specifications to calculate winter kW, summer kW, and peak
and off-peak kWh impacts. Equations 1 to 3 apply to interior

lighting technologies. Equations 4 to 6 apply to air conditioners and
the algorithms for heat pumps are shown in equations 7 to 9.
B.2 Interlor Lighting Algorithms

(1) SumnmrkWImpact-ﬂvE:tNUHxCF;xDFx
(1+FACxWCRE)x(1-FRF) x(1-5BF) x PLF -

(2) Winter kW Impact = SAVE x NUM x CF,, x DF
% (1-FHT x WHP) x (1 - FRF) x (1 - SBF) x PLF

(3)  Energy lmpact = SAVE x NUM x DF x [(1 - FHT x
WHPg) x (FLHwop + FLHwp) +(1 + FAC x WCBg) x
(FLHgp + FLHgs + FLHgop) ] x (1 - FRF) x(1 - SBF) x ALF

B.3 Space Conditioning Rebate Program Algorithms

The algorithms apply to alr conditioning x technologies.

(4)  Summer kW Impact=(1 / EERgasg - 1 / EERyjgrp) x 12
x SIZE x CFg x DF x (1 - FRF) x (1-SBF) x PLF

(5)  Winter kW Impact =(1 / EERgsg - 1 / EERggry) x 12

x SIZE x CFs x DF x (1 - FRF) x (1 - 56F) x PLF
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|t APPENDIX B PRELIMINARY ENGINEERING ALGORITHMS

WHP =  Weighted heating penalty. Similar to the cooling
i bonus, heating penalty accounts for the fact that more
J efficient lighting generates less heat. This additional
, heat must be supplied by the heating system. The
'i penalty is based on the efficiency of the heating
. system.

' WCBE =  Weighted energy cooling bonus. The cooling bonus.
only occurs when cooling and lighting are on at the
same time. The summer demand impact algorithm
' assumes that at system peak, both are on. However,
during the entire year this is not always the case so an
energy cooling bonus is used.

WHPg =  Weighted energy heating penalty. Similar to the
cooling bonus, heating penalty only occurs when

lighting and heating are on at the same time.

SIZE

CFs =  Summer coincidence factor. It is calculated as the
ratio of the end-use demand at the hour of system
mmmerpnkhthepnkdmuﬂfw_thtndm

CFw =  Winter coincidence factor. It is calculated as the ratio
of the end-use demand at the hour of system winter
peak to the peak demand for the end use.

Unit Size in Tons.
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DF = Demand factor. It is the ratio of peak demand of an
end use to the installed capacity for the end use.

SEERpase = Base Cooling Seasonal Energy Efficiency Ratio
(SEER).

SEERH;EFF = New COD“.‘I'Ig SEER. ~
HSPFgase = Base Heating Seasonal Performance Factor °
- (HSPF).

HSPFHgrr = New HSPF.
EERpass = Base Energy Efﬂdﬂt}' Ratio (EER),
EERuerr = New EER.

12 = Factor converting tons to MBtuh.

lowa-Mllinois-R-1 /4142 B3 ; —HEMNERESY
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APPENDIX B PRELIMINARY ENGINEERING ALGOHImug' .
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FRF = Free ridership factor, The Percentage of
participants who would haye installed the
energy-efficient equipment without the
program.
SBF = Snapback factor. The Percentage of
who increase their Usage after
installing the energy-efficien: equipment.
PLF = Trl.mmhhnlnddhmbutinn losses at peaj.
llhﬂhahudup-kgmmuandlﬂdcd :
Peak demand at the meter, ” !
ALF = Average T&D loss factor. It is Calculated as ..
total annual energy generation divideq Lok
total energy demand at the meter, 7 :{"
FLHgp = Summer peak full load hours. “;
- : B
FLHgs = Summer shoulder full load hours. {i',{
R
FLHsop = Summer off peak full load hours, ?;E_:f
FLHyp = Winter peak full load hours, 2|
FLHwop = Winter off peak full load hours K ; :
i
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