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DEDICATION

This Manual is dedicated to Vivian Matson, Moorhead Public Service' s customer service
representative. Vivian has served Moorhead Public Service customers for more than 25
years and probably has more information about our customers stored in her head than any
computer hard drive could handle. She provided detailed information about our
commercia and industrial customers, making this project more manageable. Vivian and
other customer service representatives like her have the difficult job of receiving calls
from irate customers. In most instances, after afew minutes with Vivian, the customer’s
problem is solved and the two are pleasantly exchanging zucchini bread recipes. Now
that’ s customer service.
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Demand-Side Management for Municipal Utilities

INTRODUCTION
Goal

The goal of this manual isto provide a practical, step by step guide to assist municipal utilitiesin
planning and carrying out demand-side management activities.

What is demand-side management?

“Demand-side management is the planning and implementation of those utility activities
designed to influence customer use of electricity in ways that will produce desired changesin the

utility’ s load shape.” 1 Demand-side management seeks cost-effective ways to balance electric
supply and demand through activities aimed at the demand side, or customer side, of the meter.
Demand-side management (DSM) includes not only strategic conservation, but also load
management, and even strategic load growth and electrification. Chances are very good that your
utility has done some DSM already!

Why DSM?

In 1995, as electric utilities face the prospect of deregulation, wholesale competition, and
possibly even retail competition, there is atendency to dismiss DSM as a costly frill,
implemented at the behest of regulators, that competitive utilities can no longer afford. Utilities
and trade organizations are dissociating themselves from the term * demand-side management”
and focusing instead on “energy services’ and “marketing.” Regardless of the name that it goes
by, activity directed toward the customer side of the meter will continue to be an important part
of utilities’ business. Many load management programs can decrease generation, transmission
and distribution requirements and thereby reduce rates and provide a competitive advantage.
Some utilities, including Moorhead Public Service, have power purchase contracts structured in
such away that strategic conservation programs can a so reduce rates. Programs that are
beneficial to customers can be strategically important to the utility even if afirst analysis
indicates that they will cause asmall increasein rates. Why? Because customer loyalty,
customer retention, and retention of market share (e.g., electric vs gas water heating) will have a
positive impact on utility revenues and rates in the longer term. Finally, programs may be
beneficial to the community as awhole even if they do cause an increase in rates. Municipal
utilities are in a unigue position which empowers and even requires them to consider the full
societal impact of DSM activities, and not just the more narrow rate impact.

Figure 1 identifies twenty-four benefits of energy efficiency. It is obvious from the list of
benefits that DSM involves many public policy issues. It isimportant to involve upper
management, community leaders and customersin setting policy directions for your utility’s
DSM activities.

1 EPRI 1984. Demand Side Management Volume 1: Overview of Key Issues. EPRI EA/EM-3597. Palo Alto, CA:
Electric Power Research I nstitute.

Introduction Page 1
Center for Energy and Environment



Demand-Side Management for Municipal Utilities

Figurel. TheWider Benefits of Energy Efficiency*

Direct Economic Benefits

ONFogrMwNE

9.
10.
11.

Reduces customers' bills

Reduces the need for power plant construction

Reduces the need for transmission construction

Reduces the need for distribution upgrades

Reduces the threat of future fuel price volatility

Opens up opportunitiesto sulfur rights as a tradable commodity

ndirect Economic Benefits

Stimul ates economic development by engaging multipliers

Creates durable jobs which benefit the local economy

Increases competitiveness of local businesses and industries

Energy-efficient technologies reduce maintenance & equipment replacement costs
Many retrofits result in the “HVAC” bonus

Environmental Benefits

12.
13.
14.
15.
16.
17.
Societal
18.
19.
20.
21.
22.
23.
24,

Mitigates the threat of global climate change

Reduces emissions that cause acid rain

Reduces the rate of stratospheric ozone depletion

Reduces the threat of nuclear accidents and proliferation

Minimizes pollution at mines and power plants

Minimizes the threat of electromagnetic fields from power lines & home wiring
Benefits

Enhances national security by easing dependence on foreign energy resources
Increases the value of real estate in soft markets

Increases the comfort & quality of work spaces, which can increase productivity
Many electric and gas efficiency measures also save water

DSM programs address the regressive nature of low income peopl€’'s energy use
Energy-efficiency programs can make housing more affordable

Utility programs create market transformations with long-term results

*from Flanagin, T., The 24 Benefits of Energy Efficiency, Basalt, CO: The Results Center. Reprinted by permission.

Organization of thismanual

This manual divides the demand-side planning and implementation process into four
straightforward objectives:

Deter mine how your customer s use electricity.

Before you can influence customer demand, you must first understand it. Objective | will
help you determine how electricity is used in your service territory, both on an annual
basis and during system peak periods. Specifically, what market segments do you have?
What electric appliances and equipment do they have? Which segments and end uses
contribute significantly to energy use and peak demand? What conservation actions have
customers already taken?

Deter mine the value of demand-side resour cesto the utility.

How do you know whether a potential DSM activity is worthwhile? Objective Il will
help you understand the economic tests commonly used to determine whether DSM

Page 2
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Demand-Side Management for Municipal Utilities

activities are cost-effective. It will walk you through the process of determining “avoided
costs’ for your utility, that is, the marginal costs that can be avoided if demand or energy
useisreduced. It will show you asimple process you can use to anayze the likely cost-
effectiveness of different load-shaping activities for your specific situation. In addition, it
will highlight qualitative factors that also need to be considered in evaluating DSM
programs.

[11.  Identify the most promising programs.

Once you understand how your customers use el ectricity and you know the value of DSM
resources to your utility, you will have a sound, objective basis for identifying promising
programs. Objective Il1 will help you assemble a“long list” of DSM programsto
consider and screen the list based on meaningful, practical criteria. 1t will aso help you
to develop more detailed information on a shorter list of promising programs.

IV.  Select, design and implement programs.

The bottom lineisresults. Objective IV will help you to identify and think through all of
the issues that need to be considered in developing and implementing a successful
program.

DSM isabroad and active field of endeavor, which would be impossible to summarize in one
manual. Each objective endswith alist of resources that can provide further information and
guidance.

How to use the manual

If you want to do arigorous analysis of DSM opportunities from A to Z, go for it! This manual
provides a step-by-step road map to successful DSM. If you aready have a good feeling for what
you need to do, simply reading through the manual will help you make sure that all the bases are
covered, and enable you to move ahead without wondering if you’ ve missed something. If you
need input on a certain step of the process, the manual and related references can show you
where to start.

Sometimes it helps to see what someone else has done. The companion case study shows how
Moorhead Public Service (MPS) worked through these objectives to develop a planning
framework for its future DSM activities, and to launch itsfirst, highly successful, commercial
conservation program.

A word of encouragement

Many aspects of successful demand-side management are really a matter of common sense. You
candoit! Inrecent years, the literature on DSM has become increasingly complex and arcane,
seeming to require teams of specialists ranging from engineers to statisticians to economists.
Thislevel of complexity may be appropriate for large utilities, where utility employees cannot be
intimately familiar with their service territories and where the company must address
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stockholders', intervenors and regulators sometimes conflicting demands for cost-effectiveness,
aggressiveness, prudence, and proven impacts.

Municipa utilities may have significant advantages in devel oping and implementing DSM plans.
Many municipal utilities already know their customers fairly well, and understand something
about how they use energy and what is important to them, so they do not require exhaustive
market analyses to identify their customers needs. Many municipa utilities are an integral part
of asmall community. They do not need expensive marketing campaigns because word-of-
mouth, one-on-one marketing, and community spirit are sufficient to generate participation in
DSM programs. Because the utility is owned by the citizens/ratepayers and operated by the
municipal government there isless need for exhaustive and complex documentation to prove that
contemplated DSM activities are or are not worthwhile or that completed DSM programs
achieved a specific result.

Notwithstanding these advantages, municipa utilities can use better information and more
thoughtful analysisto do a better job for their customers and their community. This manual will
give you the tools to design a DSM plan and DSM programs that are both practical and effective.

Page 4 Introduction
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OBJECTIVE |. DETERMINE HOW YOUR CUSTOMERSUSE ELECTRICITY
Purpose

The purpose of this objective isto develop a good understanding of how electricity isused in
your service territory, both on an annual basis and during the system peak, and to determine what
DSM actions your customers have already taken. Thiswill enable you to target your DSM
activities toward the most important customer segments and end uses, and to identify the best
DSM opportunities.

Process

Thefirst step in better understanding your salesisto identify customer segments and gather
information on appliance and equipment saturations within these customer segments. Some
information on DSM actions can usually be gathered at the same time. In step 2, the appliance
saturation data can be combined with estimates of energy use and load shapes for individual
appliances to estimate the system-wide energy use and contribution to peak for each type of
appliance or equipment.

Step 1 Identify Customer Segments, Gather Information on Appliance Saturations and
Previous Conservation Actions

Step 1.1 Identify information needs.

Y ou must first determine what information is both important and feasible to collect, either from
existing sources or using methods that fit within the utility’ s budget and analysis capabilities.
These choices can be made based on review of previous studies by other utilities and on existing
knowledge of the utility's customer characteristics. As a starting point, the information you are
likely to need includes:

* grosscustomer segments

* residential customer sub-segments

* commercial and industrial customer subsegments

» agppliance saturations

* previous DSM actions/market penetrations

* energy and peak demand information by appliance or end use

The following discussion provides more details on what information is needed and why; methods
for collecting and analyzing the data are described beginning with Step 1.2.

Gross customer segments. Obvioudly, it isimportant to be able to separate the utility's
customers and energy use into residential, commercial industrial and agricultural classes, since
there are significant differences in the average energy use, end use distribution, and load shapes
among these classes. In addition, it isimportant to have information on customer subclasses
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such as dual fuel and non-dual fuel. These datawill almost aways be available from the
customer billing system.

Residential customer sub-segments. Residential customer sub-segments typically include
single-family dwellings, plexes (dwellingsin 2 to 4 unit buildings), apartments (dwellingsin 5+
unit buildings) and mobile homes. These sub-segments tend to have different mixes of
appliances and different energy use patterns. They also differ in proportion of home ownership.
Another way of segmenting residential customersisin terms of income (low income vs non-low
income). It isuseful to be able to segment your residential customers for several reasons. First,
it will facilitate more accurate determination of appliance saturations and end uses. Second, it
will enable you to develop DSM programs more appropriate to specific sub-segments and to
market them more effectively.

Commercial and industrial (C&1) customer sub-segments. The make-up of the commercial
and industrial customer base can differ quite a bit from one utility to another. It isuseful to be
able to segment your commercial and industrial customers based on the type of business activity
occurring at each account. Thisinformation can be used for a number of purposes, including:

1 Demand-side planning and program development. Different types of business
activities are typically associated with different energy-using equipment and energy
use patterns, which in turn are amenable to different types of demand-side
interventions. In addition, different types of businesses may have different economic
criteriafor investments. A good understanding of your C& | market will enable you to
target your efforts toward those DSM services that have the greatest potential impact,
improving the cost-effectiveness of your programs. In addition, much useful
published datais given by sub-sector, so having your own customers classified on this
basis will make it possible for you to use available data to better understand your own
market. For example, the federal Commercial Building Energy Consumption Survey
(CBECS, formerly NBECYS), conducted every 3 years by the Energy Information
Administration, provides information on energy-using equipment, building use
characteristics, and energy use for buildings of different types.

2. Marketing. Once you have developed DSM programs, you can use information on
the economic activity of each C&I customer to target mailings, direct marketing calls,
and other marketing efforts to customers in the market segments most likely to be
interested, reducing your marketing costs.

3. Supply-side planning and forecasting. Information on C&I customers by
subsegments can be combined with historical billing datato more accurately project
trends in demand. Forecasting for energy demand can be further refined by
combining these data with broader economic forecasts by economic sub-sector that
may be available from government agencies or other sources. These supply-side uses
of the data are not discussed further.

Y ou will probably want to make a choice between two rather divergent approaches to
segmentation of the commercia and industrial market that are in common use. One approach is
based on the Standard Industrial Classification (SIC) codes established by the Federal Office of
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Management and Budget, while the other is based on functional codes or building type codes
established by the utility.

The SIC codes were devel oped for use in classifying establishments based on the type of
economic activity in which they are engaged. Procedures for assigning codes consistent with the
federal classifications are described in an OMB circular (1987). SIC codes have the advantage of
being a standardized method, and they are used by many utilities, which may facilitate
comparisons with other utilities or borrowing of data. They may be especially useful in
generating sales forecasts based on anticipated economic trends, using economic data compiled
by government agencies, industry organizations or others. However, SIC codes are not optimal
for demand-side management, since the basis for assigning them is primarily economic, and they
therefore do not always describe well the energy-related activities at a particular site. For
example, the corporate offices and warehouses for a large retail chain would be coded asretail,
even though the offices clearly would have energy uses like other office buildings, and the
warehouses would have energy uses like those for other warehouses. The account for an office
building owned by a developer would be coded 6510, "real-estate operators and lessors."

Functional codes are more useful for demand-side management because they can be assigned
based on the type of energy-using activity that occurs on the account. Like SIC codes, functional
codes are used by other organizations that can be good sources of borrowed data, including the
U. S. Energy Information Administration (in their Commercial Buildings Energy Survey, see EIA
1991), and the Electric Power Research Institute (EPRI) (in their COMMEND modeling
program). A good review of various commercial building classification schemesis given by
EPRI (1986). A comparison of SIC codes and function codes for one utility is given in appendix
B of Dunsworth and Hewett (1989).

Moorhead Public Service (MPS) decided to assign both SICs and functional codes to their C& |
customers, since each is useful for certain purposes. The function coding scheme developed for
Moorhead Public Service is described in the report, Assignment of S C and Function Codes to
Commercial and Industrial Customers for Moorhead Public Service, in Tab 1 of the case study.
It is detailed enough that it can be regrouped to match either the EPRI COMMEND
classifications or the EIA CBECS groupings, with afew minor exceptions. It aso adds some
industrial and agricultural categories, since neither CBECS nor COMMEND address these, as
well as some “residential” categories, since MPS, like many utilities, considers multifamily
buildings to be commercial customers.

For DSM purposes, we recommend that you start with the Moorhead function code system and
add or remove categories based on your need for specific segments which are important in your
service territory. For example, you could add further industrial sub-categoriesif you have
significant industrial loads in one or two key sectors, or adding further agricultural sub-categories
if your service territory includes alot of farm customers.

Appliance saturations: Most DSM opportunities apply to specific types of energy-using
equipment, so you will need an understanding of which types of appliances and equipment
contribute the most to your system-wide energy use and peak demand, and offer the best potential
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for demand-side management. Deciding which appliances you need saturation data for requires
preliminary estimates of the following:

» which appliances use the most energy and/or contribute the most to peak demand on a per
customer basis,

» which of these are likely to have a significant market penetration in your area, and in turn

» which of these are likely to have a market penetration different enough from that in other
areas that you cannot simply borrow saturation estimates from other studies.

To help you evaluate these factors, data on appliance saturations, energy use and peak demand
from various utilities are compiled in the manual. 1n addition, data for Moorhead Public Service
are given in the case study.

These data should be reviewed in the light of common-sense understanding of your own service
territory. Space heating, space cooling and water heating are three end uses which deserve
particular scrutiny for two reasons. First, they consume large amounts of energy and/or
contribute significantly to system peaks. Second, the saturations of electric appliances as
opposed to appliances using other fuels and the saturations of various types of electric appliances
for these end uses can differ significantly by such factors as climate, availability and relative
price of other fuels, and income levelsin the service territory. A survey may well be justified to
gather good saturation data on these appliances alone. Saturations of other appliances, such as
second refrigerators or freezers, may have smaller but important differences from one service
territory to another. The saturation of various types of industrial equipment can vary
significantly depending on the nature of the industrial base, so any analysis should include
careful identification of magjor industrial loads.

It isimportant to realize that while information gathered by site visitsis highly accurate,
information supplied by respondents to mail or telephone surveys may not be. Not all
respondents know, for example, whether their water heater, space heating equipment, or even air
conditioning is electric or uses some other fuel (see, for example, Hewett et al. 1987).
Respondents may confuse humidifiers and dehumidifiers. Enough commercial customerswill be
unable to provide accurate information on the type of heating or cooling system they have (e.g.,
boiler, rooftop heat/cool package, unit heaters) that data gathered through amail or phone survey
must be viewed with some skepticism. One way to check the accuracy of responsesisto site
visit a subset of those interviewed by mail or phone. Another, less accurate, alternative isto
check billing datato seeif use for these customersisin the expected range. The lowest cost
aternative isto rely on your knowledge of your service territory to check the plausibility of
survey results.

Shortcuts: Intheresidential and commercial sectors, it may be adequate to rely on estimates
based on information from other utilities for saturations of most appliances, and concentrate on
heating, cooling and water heating. The industrial sectors, if important in your service territory,
may still require detailed saturation data.
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Previous customer activitiesto improve efficiency: In planning DSM programsiit is helpful to
have as much information as possible about the current market penetrations of various energy-
efficient technologies. It would be awaste of staff resources to develop aresidential insulation
program, for example, and then discover that the vast majority of houses in your service territory
had already been insulated. The DSM measures important to find out about are those that:

1. havesignificant potential to reduce energy use or peak demand: The measure must
significantly affect alarge end use that has a high saturation. AND

2. have an intermediate market penetration. It isn't necessary to ask customersif they have
implemented technologies so new that very few will have used them, or so standard that all
but afew can be expected to have them, aslong as you're sure your assumptions about this
are correct.

Step 1.2 Select data collection methods and plan your approach to maximize response
rates.

Step 1 will allow you to identify what information you already have, what information you need
to obtain for your own service territory, and what information you are willing to infer based on
information from other sources. Once you have identified your information needs, you can
decide on the method of data collection and plan strategies that will give you a high response rate
to assure reliable results.

Choosing a data collection method: Cost, response rates, and data quality are three key factors
to consider in selecting the method of data collection. The primary methods available are site
visits combined with in-person interviews, telephone interviews, and mail surveys. The "best"
method depends on numerous factors. Berdie et a. (1986) give an excellent review of the
considerations.

For the types of information needed here, site visits by qualified personnel will aimost always
give the highest quality information and highest response rates. Site visits also allow for the
most detailed data collection, being limited only by the technical abilities of the survey staff. But
site visits aso are the most expensive approach, and for most small municipal utilities, the cost
of visiting a representative sample of customersis prohibitive. If there are afew large customers
who account for alarge proportion of your total sales, the high cost of site visits may well be
justified for those accounts, not only to assure that they are included and that their datais
accurate, but also to build customer relations. The Moorhead project, for example, conducted
site visits for the ten largest commercia customers, who account for 64 percent of C& 1 energy
sold and 38 percent of total energy sold.

More commonly, information will be gathered through mail or telephone interviews and will rely
on what customers know about their equipment and appliances. The conventional wisdom is that
mail surveys are cheaper than telephone interviews, but achieve poorer response rates. Since
non-response bias can completely undermine the validity of a survey (as discussed under
“Maximizing response rates’ below), thisisasignificant drawback. However, it isentirely
possible to achieve high response rates with mail surveys, if extensive follow-up is done, though
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this can increase the cost so that it is more comparable to that of telephone interviews (Birdie et
a. 1986). Municipal utilities have an advantage here. Since they are often small enough and
local enough to avoid being viewed by respondents as impersonal institutions, they may be able
to achieve good response rates with limited follow-up. MPS achieved an 80 percent response
rate on their residential mail survey using incentives (chance to win one of six $50 credit on
electric bill) and two follow-up letters and a 76 percent response rate on their commercial and
industrial mail survey using limited follow-up and no incentives. Telephone interviews may
achieve better data quality if they help you make sure that the most informed person completes
the survey (e.g., in the case of commercial customers where any of a number of people might
complete amail survey), while mail surveys may achieve better data quality if they give people
more time to find information they don't have readily at hand (e.g., in the case of a homeowner
who needs to check with another household member as to whether the walls have been
insulated). You may want to talk with a survey firm or consult books such as Berdie et al. before
making afinal decision.

Some information will definitely be less accurate if collected by mail or phone than if collected
through asite visit. For example, a“high efficiency air conditioner,” islikely to mean widely
different things to different people and the actual EER islikely to be known by very few
respondents, so that the saturation of high efficiency air conditioners will be impossible to
determine accurately by phone or mail. Other information, such as presence of a second
refrigerator, can be answered accurately by all respondents. Some information, such as presence
of attic or wall insulation, isin agray areasuch that it is of valueif collected, but itsreliability
must be viewed with caution. As with appliance saturations, the responses can be checked
through site visits or subjective "feel" for the service territory. Compilations of information from
previous energy audits may serve as a useful check on survey results, but it isimportant to
remember that audit recipients are self-selected and can be quite different from the generad
population.

A fina option to consider isthat some information may be available from staff. For example,
Moorhead Public Service had along-standing employee who was extremely familiar with the
service territory and customers. A decision was made to have this employee assign SIC and
function codes to al commercia customers, separate from the mail survey of a sample of
customers. MPS planned to make telephone calls to assign codes to questionable cases, but this
proved unnecessary. One very important advantage of this approach was that it shortened and
simplified the C&I questionnaire considerably. If MPS had sent an explanation of the difference
between the SIC and function codes and alist of 86 two-digit SIC codes and 28 function codes
for respondents to choose from, along with examples for each code to help people decide how to
categorize their business, it likely would have discouraged many in the sample from responding,
and results would have been subject to error due to misunderstanding of the coding schemes.
Another key advantage was that MPS was able to assign SIC and function codes to al customers
in asystematic way at the same time, and not just to the survey sample. Thiswill give MPS a
valuable tool for future planning, marketing, and forecasting activities. If someoneisavailable
who really knows most of the C& | customerswell, and is able to understand the nuances of the
coding, this approach has alot to recommend it.
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Maximizing responserates. Sampling bias and non-response bias are terms that you may not
be familiar with, but they are important concepts to grasp because they will determine whether
your survey results are representative, or are not worth the paper they're printed on. Sampling
bias, which is discussed in Step 3, isnormally given alot more attention because it is easier to
avoid. Non-response bias, which is discussed below, is typically downplayed by many survey
research consultants because avoiding it requires commitment and effort and increases costs.

Asdescribed by Berdie et a., "in most studies, the sample chosen for the study has been selected
randomly, and is, therefore, [if large enough -- see Step 3] representative of the entire population.
Hence, if responses are obtained from all people in the sample, the resulting data will accurately
reflect ... the population. However, if only asmall percentage of those in the sample respond,
there is no certainty that the results represent the population.” If you do not undertake the foll ow-
up necessary to achieve a high response rate, the likelihood of non-response biasis great.
Consider the impact, for example, if the residential non-respondents are those whose bills are
smaller, and who therefore are less interested in energy, or if the commercial non-respondents are
the small, one-person operations who are spread too thin to complete the questionnaire. The
conclusions you reach by extrapolating to the popul ation from those who do respond will not be
correct.

There are no hard and fast rules about what response rate is "high enough". However, we would
recommend that a 70 percent response rate is the minimum you should consider acceptable, with
agoal of at least 80 percent more desirable. Response rates exceeding 90 percent can definitely
be achieved if you put the effort into it (Berdie et al. 1986). The response rate should be
calculated as:

response rate = number of respondents/(original sample minus those who turn
out not to be in the population of interest)

Those not in the population of interest would include, for example, buildings that have been
demolished. Those who are ssmply hard to reach or not willing to respond are still in the
population of interest.

A number of strategies can be used to increase response rates. The suggestions given in the
appendix to Objective | are based on CEE’ s experience and on Berdieet al. Van Liereet a. aso
provide information on methods used to increase response rates in a survey of commercial
customers done for Northern States Power Company-Wisconsin.

Step 1.3 Determine sampling frame, required sample size, and sampling strategy, and
select sample.

The" sampling frame:" Who are you talking to? In choosing asample, thefirst step isto
define the population. While this sounds simple, it isn't necessarily so. Definition of the
popul ation deserves careful consideration at the outset, so that later analyses are as useful as
possible. To get the most out of your data, you will need to be able to link customer
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characteristics and appliance saturations with energy use data and make projections to your entire
customer base.

For aresidential survey, what isa"customer"? At first it would seem that a customer and an
account are the same thing. But what if some customers have two or more accounts, for
example, aprimary account and a second meter for electric heat? If the population is defined in
terms of accounts, it will be impossible for the customer to associate such factors as household
Size or conservation measures with a particular one of his two accounts, and it may be difficult
for him or her to associate specific appliances with specific accounts. In addition, it will be
difficult for you to use these responses to extrapolate from account level datato your customer
base as a whole without double-counting.

For commercial customers, defining the population can be even more difficult. In addition to
separate utility meters for primary uses and peak-interruptible uses, commercia customers may
have multiple meters at a site due to the sheer size of the load, or because they have grown and
occupy what were originally two or more separate business areas within a building. Often these
customers have no idea what physical area or end-use loads within their business are actually
served by each account. They will aso be unable to meaningfully associate such items as
"number of employees’ with a specific meter or account. If you extrapolate from these responses
to all accounts, you are likely to have problems of double-counting that will make your results
meaningless. In addition, some customers have more than one location in the service territory.
Does a business with four locations constitute one member of the population or four? Questions
of this sort must be answered before drawing the sample.

We recommend that you define the population in terms of location. For aresidential customer,
thiswill ssmply be their house. For acommercial customer, thiswill be all the accounts
belonging to the business at a given location, whether they are within one building or in multiple
buildings at the same general location. Each location of a business having more than one
location would be counted as a separate member of the population. (SeeVan Liereet al. 1987,
Public Service Company of Colorado, 1987, for examples of use of this method).

Moorhead Public Service defined its residential population by dwelling unit, which also
correlated with accounts, since even for houses with dual heat, both meters are included on a
single account. Small commercia customers were defined by businesslocation. However, the
10 largest commercial customers were defined by commercial enterprise. For example, the
Moorhead Public Schools were treated as a single customer, even though they are scattered over
several locations. Because Moorhead Public Service relates to these customers as single entities,
and because they are such an important load to MPS, they wanted to treat them as single entities
for analysis purposes. This different definition of customer groups shouldn't create a problem as
long asit is remembered throughout the course of the analysis.

Once you have defined the population, it isimportant that you communicate clearly to survey
recipients how you have defined it, so that they will understand what accounts and what
addresses to include in responding. Y ou also will need to remember the definition you chose
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when you calculate the required sample size, pull the sample, determine total energy use per
respondent, and make extrapolations to your entire customer base.

Sample Size: How many responses do you need? The number of responses required depends
on the statistical reliability you need for your results. Obvioudly, if you could afford to survey
the entire customer base (and could get a perfect 100% response rate), your results would be
perfectly representative of your service territory. To consider an extreme aternative, if you
decided to interview only one customer, the results would not be very representative and would
depend alot on which customer you happened to choose. Deciding on the right number of
responses between one and everybody is computed using statistical methods. Normally, a utility
conducting a study will want to have a 90 to 95 percent confidence of being within + 5 or 10
percent of the true population values. Asafirst approximation, Table 1.1 can be used to
determine the raw sample size required to give the desired confidence and precision (confidence
interval, or ClI) for categorical (yes/no or multiple choice) questions.

Tablel.l. Raw sample sizesrequired for various population sizes, degr ees of
confidence, and levels of precision.

Population | 90% Conf | 95% Conf | 90% Conf | 95% Conf
N 10% CI 10%Cl 5% CI 5% CI

300 55 73 142 168

400 58 77 161 196

500 60 81 176 217

1,000 63 88 213 278

10,000 67 95 263 370

It isimportant to realize that the specified precision and confidence will only be obtained for the
overall sample, so you must typically either accept reduced precision in subsets of the sample
(e.g. for information about insulation levelsin electrically heated homes, as opposed to all
homes, or appliance saturations in single family homes, as opposed to all homes) or elsegoto a
larger and/or differently designed sample to achieve the subset precision you want (see the
discussion of sampling strategies below).

Since the study will very likely involve a mixture of questions with categorical responses and
guestions with numerical responses, it may also be important to assure a certain level of precision
in measuring the items having numerical responses, either in absolute terms or as a percentage of
the mean observed value. Quantitative itemslikely to be included are annual energy
consumption, gross building area, number of employees, etc. Details on calculation of sample
sizes for numerical variables, and for categorical variables for other population sizes, are givenin
the Appendix A.

Once you calculate the raw sample size, i.e., the number of responses you need, you will have to
determine how large a sample to actually draw, to take into account the estimated non-responses.
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Theformulais:
adjusted sample size = number of responses required/anticipated response rate
= raw sample size/anticipated response rate

Sampling Strategy: Before you can actually select a sample, you need the records for your
entire customer base to be grouped in a manner consistent with the way you have defined the
population. You may have to do this manually. For example, MPS had to do quite a bit of
manual work to group its commercial accounts into "locations," which enabled them both to get a
count of locations and to select a sample of locations. Data on company name, account number,
billing address and service address were printed out for each account on asingleline, and the list
was studied to identify accounts having the same service address. Initially, any accounts having
the same service address were grouped into one "location”, regardless of whether the company
name matched, unless the project manager knew for certain that the two (or more ) businesses
were not the same entity. Thisinitial list was reviewed with another experienced staff member,
and a number of accounts originally grouped as one "location” were split. In addition, a number
of accounts not having the same service addresses were combined. These were cases with
multiple accounts at the same location, but with a different street number or street name, such as
those for businesses occupying a corner lot, with meters on both streets. The total number of
locations in the population was then counted, the required sample size computed, and a sample of
every nth location drawn from the list using a random starting point.

As another example, though each residential customer on Moorhead Public Service's system has
only one account, those with dual heat or radio-controlled central air conditioners have two
meters. When MPS tried to use a computerized method to draw a sample of customers, they
ended up with a sample of metersinstead. The problem was diagnosed because choosing every
twenty-second case, which was supposed to produce a sample of about 490, produced a sample
of over 600. It ended up that a sample of accounts could only be drawn by printing out all of the
accounts and choosing every 22nd from arandom start by hand.

Another item to consider is whether you will use an "equal probability” sample or a"stratified"
sample. Thisisanother seemingly arcane technical decision that has alot of practical
significance. An equal probability sample uses random or quasi-random sampling techniques
that give every member of the population (e.g., every "location™) an equal chance of being
included. A stratified sampleis used when you want to make sure that certain subgroups are
adequately represented. For example, you may want to stratify C&| customers by size. Many
utilities have arelatively small number of large C& | customers that account for a
disproportionate share of sales. In an equal probability random sample, only one or two of these
large customers might be included. Thisis adequate to statistically represent the population in
terms of business locations, but it isn't really adequate to statistically represent your C&|
customers on a sales-weighted basis. Therefore, you may wish to sample more heavily from
larger customers, or even include all of the very large customers. Y ou could also divide your
C& 1 customers into more than two strata (e.g., large, medium and small customers). If you draw
astratified sample, you will need to reweight the strata during analysis to correctly represent the
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population as awhole. Another example of a situation in which stratification might be useful is
if you have a small but significant subpopulation of residential electric heat customers. Suppose,
for example, that these customers are only about 15 percent of your total residential customers,
but you are thinking of targeting an insulation program to them. There might not be enough of
them in an equal probability sample to alow you to analyze their present insulation levels
accurately. In this case, you might decide to sample more heavily from electric space heat
customers. Again, you would need to do some reweighting for analyses of the entire residential
population.

There are avariety of ways to draw arandom sample. Often, the easiest isto use a table of
random numbers or arandom number generator to choose the starting point, and then select
every nth member of the population from a complete list, where the value of nistheratio of the
total population to the required adjusted sample size. Thismethod is generally satisfactory
unless there is some non-random feature in the list you are working from. If there is some
problematical non-random feature in the population list, then the entire sample can be drawn
using arandom number generator or random number table.

Step 1.4 Develop survey instrument(s).

Thefirst step in developing the survey instrument isto make alist of what you want to know.
Consult the information needs you identified in Step 1.1. Keeping in mind the data collection
method (mail, phone, face to face) that you have chosein Step 1.2, consider how many questions
you can realistically ask without "wearing out your welcome™" with survey recipients. Carefully
consider what questions respondents can actually answer with areliable degree of accuracy. You
may want to double-check your thoughts on this. It may be that fewer people than you realize
know the square footage of their home or the age of their refrigerator, know whether their office
air-conditioning comes from roof-top units or chillers, or know if their walls have been insulated.
Also consider how much datayou can redlistically analyze, since analysis of survey dataistime-
consuming and can be expensive. Resist the temptation to view the survey as a one-time
opportunity to ask everything you ever wanted to know from customers. Especialy be wary of
attempts to piggyback questions about satisfaction with service onto a study of this type.
Respondents will be reluctant to answer such questions truthfully when they know they can be
identified through your code number, and you can end up with both meaningless data and a
lower-than-anticipated response rate.

A uniqueissue in the C&I survey design is that different sub-sectors have different types of
energy-using equipment. A questionnaire designed to cover all sub-sectors may be very detailed,
and may be unnecessarily confusing or overwhelming to respondents with less equipment. One
way around thisisto develop a modular survey. Both Northern States Power (NSP)-Minnesota
and NSP-Wisconsin have used this approach. They used a pre-screening phone call to determine
which type of survey instrument each customer received. Customers with commercial cooking
or refrigeration equipment received one version, those with industrial equipment received
another, and the third group received the most ssmple survey (Van Liere et al. 1987). This
approach alows for the collection of detailed information from those customers to which
particular questions apply without annoying or overwhelming those for whom these questions are
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irrelevant. MPS used the same survey for all commercial customers, but kept the length more
moderate.

The actual wording of survey questionsis critical in obtaining reliable, accurate information.

The wording will depend in part on whether the survey will be administered by mail or phone or
in person. The format of the questionnaire can also affect the response rate, response quality, and
ease of dataentry. Developing good questionnairesis not as easy asit seems, and as a general
rule, it isworthwhile to hire an experienced consultant to help you design survey instruments.
Some itemsto consider in designing survey questions are:

1
2.

3.
4,
5

0.

10.

Provide instructions (e.g., "circle one number").

Make the questions completely unambiguous, so that they will be interpreted the same
way by all respondents.

Use vocabulary that is appropriate to the audience.

Avoid biased questions that seem to call for a particular response.

Consider how the survey will be administered. Some questions are easy to understand in
writing, but difficult to understand when read over the phone, while for other questions,
the reverseistrue.

Whenever possible, ask multiple choice or yes/no questions, rather than allowing the
respondent to fill in the blank. Open-ended questions frequently elicit responses that are
off the subject you intended to address and/or are difficult to code for statistical analysis.
Provide for every possible answer, including "other", with a space for a written response,
where necessary. Provide a"don't know" option any time the respondent really may not
know the answer. Provide an option for “none” where appropriate, so you can distinguish
true zeros from non-responses.

When providing multiple choice options, think carefully about how they are constructed.
For example, when setting up a question about income, you may want the breaks between
categories to correspond to poverty levels for various household sizes, if part of your goal
isto determine how many low income customers you have and how their needs differ
from the general population.

Plan your analysisin detail ahead of time. Thisis an excellent way to identify
ambiguities and data gaps.

Pre-test the survey instrument with a small number of respondents to identify any
guestions that consistently cause problems.

For further information about questionnaire design, including important format issues, see Berdie
et a. Survey instruments used by Moorhead Public Service are shown in Tab 1 of the case study.
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Step 1.5 Implement survey(s), track responses, conduct follow-up.

For mail surveys, you will need to track the number of responses received each day and send
follow-up letters when the response rate starts to drop off significantly. Typicaly, the
guestionnaires are assigned a code number keyed to alist of recipients, so that follow-up
mailings are sent only to non-respondents. For surveys of this type, the code number also alows
you to match site characteristics with electrical use data. It iswise to explain the code number in
your cover |etter, so that recipients do not get the impression that you are trying to “put one over
on them.”

Step 1.6 Clean, code, enter and analyze data.
Survey responses must be cleaned and coded before they can be entered. Examplesinclude

» checking the "other" responses to see if they can be recoded as one of the standard choices,

» checking for reasonableness and recoding impossible responses (e.g., a business that reports
it is open 740 hours per week) as “missing” (i.e., no useable response) or calling the
respondent back to get a correct answer, and

e coding as“missing” multiple responses to "circle one number" questions, such asthe
approximate size of the heated living area.

A standard procedures used by many survey firms to guard against errors in data entry is to enter
all datatwice, with any discrepancies between the two rounds of data entry checked by referring
back to the hard copy of the questionnaire. We very strongly recommend this strategy or an
equivalent. It ishighly advisableto run and review basic frequencies and statistics of all
variables before conducting any more sophisticated analyses. The review will identify
problematic responses missed in coding (e.g., abusiness with areported floor area of 24 square
feet), that may need to be corrected by checking back to the original survey or even recontacting
the respondent. Leaving such outliersin your data set will lead to meaningless average values as
well asincorrect results from more detailed analyses such as regressions.

Survey responses may need to be merged with data from other sources, such as monthly, seasonal
or annual energy use data from the billing system, or SIC and function codes assigned by staff.

A detailed description of statistical analysis methods is beyond the scope of this manual. Use of
aqualified consultant is recommended. In addition, use of a statistical package designed for
analysis of thistype, such as SPSS (Statistical Package for the Social Sciences) or SASis
strongly recommended. Doing analysis of this type using something like a spreadsheet tool can
rapidly become exceedingly time-consuming, as the data may need to be sorted and subsets
anayzed in alarge number of ways. The possibilities for error are great.

Additional pointsto consider when analyzing the survey data are:

. If astratified sample was drawn, the sample must be reweighted before analysis of t