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EMPIRICAL EVIDENCE OF UTILITY SPONSORED CONSERVATION 
PROGRAMS 

by 

Colin Gerald Shay 

Dr. Nancy Wentzler 

Economics 

(ABSTRACT) 

Utility sponsored conservation programs encourage participants to consume 

less energy. One of the most popular methods used to achieve this is to offer 

monetary rebates to purchasers of high-efficiency appliances. The costs of these 

conservation programs are then passed-on to all customers as increased energy prices. 

Economic theory predicts that the income and substitution affects should decrease the 

consumption of non-participants in the programs and may increase the consumption of 

participants. 

Recent claims in the literature argue that the standard net benefit tests used to 

evaluate these programs fail to incorporate the full impact of the income and 

substitution affects. Relying on these theoretical arguments, new evaluation 

techniques, referred to as Net Economic Benefits (NEB) tests, are being introduced as 

solutions to this problem. 

Using the actual experience of a natural gas utility, this thesis analyzed the



need for NEB evaluations. The results show that the price of gas is not a significant 

factor in determining household gas consumption. Therefore, empirical evidence 

cannot support the NEB claims. The evidence does show that, on an average annual 

basis, participants are consuming less than non-participants.
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CHAPTER ONE 

DISCUSSION OF PROBLEM 

1.1 Introduction 

Conservation programs sponsored by gas and electric utilities change the price 

of energy relative to other goods. Economic theory predicts that the price change 

may alter the energy consumption patterns of two groups of consumers: those who 

participate in the programs and those who do not. Net benefit tests currently used to 

evaluate these programs may result in incorrect conclusions because they do not 

include the full impact of the resulting income and substitution effects introduced by 

the price change. Several alternative methodologies have emerged in the literature to 

attempt to include the full affects. One of the most recent of these net economic 

benefit tests, introduced by Braithwait and Caves in 1994, provides theoretical 

arguments to support the use of a new test. However, now that these conservation 

programs have been in operation for several years, empirical evidence should also be 

used to support or refute the need for these new evaluation techniques. This thesis 

will use the actual conservation efforts implemented by a natural gas utility to provide 

the necessary empirical analysis. 

One of the most dominant planning policies enacted in the utility industry in 

the last decade has been Least Cost Planning (LCP). LCP is a planning strategy that
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encompasses the combination of supply-side alternatives and demand-side alternatives 

available to a utility in its attempt to meet future demand at the lowest possible cost. 

The demand-side, not the supply-side, of the equation is the unique aspect in 

the least cost planning concept. Demand-Side Management (DSM) programs are 

actions taken by the utility to control the demand, or load, of electricity or gas by its 

consumers. One of the most popular methods used by utilities to control demand 

growth is to offer monetary rebates to purchasers of high-efficiency energy-using 

appliances. The rebates are designed to make consumers indifferent as to the 

purchase price of the high-efficiency appliance when compared to one of lesser 

efficiency. 

As consumers choose to participate in the DSM programs, some of the costs 

confronting a utility continue to increase. The costs associated with these programs 

are then passed on to all customers through higher rates per unit of energy. Initial 

cost-benefit tests of DSM programs may fail to include the full affect of this price 

change. Braithwait and Caves, in their discussion for the need for new net benefit 

testing, express the shortcomings of traditional cost-benefit tests in three ways: 

(1) They fail to account for the additional value that participants in DSM 

programs have due to their lower monthly bills associated with their 

high-efficiency appliances (the new equipment lowers monthly bills 

causing the participant to increase the use or intensity of that appliance 

over time), 

(2) They fail to account for the reduction in consumption, and therefore the 
reduction in benefit, of non-participants due to their higher monthly 

bills, and
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(3) They fail to consider the market imperfections that exist in the energy 

efficiency industry. This market imperfection exists in the form of 

incomplete consumer information regarding the payback period of high- 

efficiency appliances [Braithwait and Caves 1994]. 

The intent of this analysis is to evaluate the first two claims using actual 

household gas consumption (the third claim is difficult to prove without surveying all 

utility customers). If the first two claims are true, then DSM program cost-benefit 

tests are based on incomplete or incorrect assumptions that are resulting in an 

inaccurate assessment of the true net benefits of DSM programs. The DSM 

experience of a natural gas distribution company will be used as the basis for the 

analysis. 

1.2. Least Cost Planning and Demand Side Management 

Natural gas and electric utilities are like most businesses -- they sell a product 

to make money. Why would they pursue a business strategy, like DSM, that has as 

its goal to sell less energy? Understanding the origins of LCP, and its counterpart 

DSM, will answer this question so that its economic impact on consumption can be 

appreciated. LCP arose from a need to control costs that result from monopoly power 

and from limited supply-side resources. 

1.2.1 Market Structure and Regulation 

Electric and gas utilities are classified as natural monopolies. Providing 

electric and gas service effectively requires huge investments in transmission,
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distribution, and generation systems. In order to make this capital investment 

profitable to operate, its costs must be allocated among many customers. The 

extensive infrastructure system developed by capital intensive industries is one of the 

main characteristics of a natural monopoly. 

It is assumed by proponents of regulation that, if left unchecked, the monopoly 

power held by electric and gas utilities would create an even higher cost industry to 

the consumer than already exists. They claim that, with seemingly no competition, 

utilities would not be as concerned with their cost structure as competitive industries 

because the higher costs may be passed-on to the customers through higher electric or 

gas rates. The least cost planning concept requires utilities not only to look at the 

lowest cost supply option but also at the lowest cost demand option in an effort to 

reduce the total cost of meeting consumer needs. LCP is, in the words of one state 

commissioner, "where demand-side and supply-side are on the same side [Gellings 

and Chamberlin 1993]." 

While regulators struggle to control the power of monopolists without hurting 

service to the consuming public, utilities also recognize their limited resources. 

Stricter environment regulations created during the seventies and eighties and a 

stronger NIMBY attitude of the public make it difficult and expensive for utilities to 

continually increase the supply-side of their systems. Demand-side management 

programs are viewed as a means to create additional supply by reducing or controlling 

the level of demand or the pace of demand growth. Impacting the consumption of
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energy may result in the avoidance of expensive capacity additions or capacity 

expansions [Gellings and Chamberlin 1993]. However, it was legislation that first 

introduced LCP to the utility industry. 

The Public Utilities Regulatory Policies Act of 1978 (PURPA) was the first 

significant piece of legislation to begin the concept of least cost planning. In 1992, 

the Energy Policy Act (EPACT) amended PURPA by adding two new standards for 

state utility commissions to consider. The first standard is the use of least cost 

planning by gas local distribution companies, and the second standard is the 

encouragement of energy efficiency and load shifting measures that are at least as 

profitable as supply-side alternatives [National Association of Regulatory Utility 

Commissioners 1993]. 

Therefore, while the concept of least cost planning was introduced in federal 

regulations, this piece of legislation only required state utility commissions to 

investigate the usefulness of the strategy. It is the responsibility of the state 

commissions to institute this regulation on the electric and gas utilities under their 

jurisdictional purview. 

1.2.2 LCP Track Record 

LCP is receiving a great deal of support from state regulatory commissions and 

utilities across the United States. As of 1993, regulatory agencies and utilities in 24 

states and the District of Columbia are using the concept of least cost planning and
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demand-side management opportunities. In addition, planners in another 18 states are 

in the process of implementing, developing, or considering these planning options. 

According to estimates by the Electric Power Research Institute (EPRI), U.S. 

electricity consumption could be reduced by 24 to 44% by the year 2000 with the use 

of DSM. Not to be outdone, studies performed on DSM efforts in natural gas utilities 

show that energy savings as high as 47% of the current load can be achieved (the 

average is around 15% to 25%) [National Association of Regulatory Utility 

Commissioners 1993]. 

Proponents of new testing procedures, like Braithwait and Caves, suggest that 

these energy savings’ forecasts are misleading. The true level of DSM energy savings 

could be higher or may be lower because of theoretical shortcomings in the 

evaluation techniques used. As DSM changes the price of energy, the income and 

substitution effects should alter the consumption level of energy. For participants, the 

monthly bills could be decreasing in response to the high-efficiency appliances. For 

non-participants, the reverse may be true. Therefore, participants could potentially 

increase their consumption and non-participants could potentially decrease their 

consumption creating additional benefits and costs not currently included in traditional 

net benefit evaluations. 

1.3. LCP Evaluation Techniques 

The creation of an entire cost-benefit testing framework has evolved with the
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concept of DSM. For each perspective in the test, the gain or loss from implementing 

a specific DSM program is measured by the summation of the program's discounted 

costs and benefits included in the test. While the costs from DSM are usually a result 

of increased administration costs and lost revenues from reduced sales, the benefits 

can be more difficult to establish. These benefits are most often measured as avoided 

costs. 

Avoided costs are any costs that would ordinarily have been incurred but are 

displaced with the implementation of a demand-side management program. They are 

a function of the avoided fuel, or commodity, that does not need to be purchased; 

Capacity that does not need to be built or expanded; and environmental degradation 

that will no longer occur. The level of detail required by the specific cost-benefit test 

will dictate which of the above components of avoided costs are included and to what 

extent. For some tests, only a few components are necessary, for other tests 

(especially the societal test) all the components are important. Table 1 describes each 

of these tests along with their advantages and disadvantages as they are presented by 

the California Standard Practice Manual, an industry accepted handbook of LCP 

testing procedures [California Public Utilities Commission 1987]. 

1.3.1 Alternative Measurement Techniques 

Alternative methods of measuring the costs and benefits of DSM programs 

have been introduced to the industry, but they have not widely replaced the standard



TABLE 1: STANDARD LEAST COST PLANNING BENEFIT-COST TESTS 

  

Test Definition Discussion 
  

Participants Uses only those costs and 

benefits incurred or enjoyed 

by the participants. 

First cut test used to 

determine minimum rebate 

level. Does not capture all 

the variables in the decision 

process. 
  

Non-Participants Uses only those costs and 

benefits incurred or enjoyed 
by non-participants. 

Also known as the Rate 

Impact Test (RIM). 

Estimates the impact of DSM 

on rates. 
  

Total Resource 

Cost 

Summation of the Participants 

and Non-Participants Tests 

Its all-inclusive design of 

factors that are easily 

measured make this test the 

most widely used. 
  

    
Utility Measures a program's net The narrowness of the test 

benefits from the perspective | makes it easy to use; 

of the utility's shareholders. however, it also limits its 

accuracy. Not accepted by 

regulators since customers 

are not included. 

Societal Adds the benefits of unpriced | Includes environmental and   externalities to the Total 

Resource Cost Test.   other societal benefits which 

are difficult to quantify. 
   



9 

tests discussed in Table 1. These new tests focus on the total value or the net 

economic benefit (NEB) as a result of DSM to get a more accurate picture of the 

impact of DSM programs. The need for these new tests, as discussed earlier, has 

arisen to solve theoretical problems in the traditional approaches. Key among these 

problems is accounting for the costs and benefits that economic theory predicts should 

happen with a price change. 

The first of these new testing proposals was introduced in 1988 by Connecticut 

Natural Gas. The utility developed a set of tests which use the changes in utility 

profits, total social costs, and participant benefits to determine the changes in total 

social welfare [Connecticut Natural Gas 1988]. 

Other variations of the NEB have followed. The Value Test is an evolution of 

the NEB because it allows for the inclusion of the benefits of free riders into the 

calculation. Standard tests either ignore the free rider problem altogether or only 

include their presence as a cost of the DSM program. The Value Test recognizes that 

free riders are still recipients of the intended benefits of the programs, and their 

fortune should not be ignored [Chamberlin and Herman 1993]. 

In 1994, proponents of a new NEB test included three additional considerations 

to the standard benefit-cost tests -- two of which are the centerpiece of investigation in 

this analysis. The first consideration is of market imperfections in the energy 

industry. The second consideration is of the reduction in benefits from non- 

participants caused by rising rates. Finally, the third added consideration is of the
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possible value added to participants of the "snapback" affect -- the potential of 

participants to increase their consumption in response to lower monthly energy bills 

[Braithwait and Caves 1994]. 

1.3.2. Impact of Economic Theory 

The potential existence of the second and third economic considerations in the 

NEB test discussed above are easily understood using basic economic theory. The 

fundamental point to remember about DSM is that it can cause the per-unit charge for 

electricity or natural gas to increase. The LCP framework is designed to allow supply 

and demand alternatives to be compared side-by-side with the lowest cost option to 

become a part of the utility's planning strategy, and this is where the problems arise. 

The supply-side of the equation is well known and easily measured. Utilities can 

enter into contracts where the price of the fuel is negotiated and is known for periods 

well into the future, or the utility can construct a new powerplant whose cost is known 

and up-front. The demand-side of the equation, on the other hand, is not as well 

known and is not as easily measured. The utility needs to accurately forecast the 

consumption changes of customers, the price changes, and the interaction of these 

affects. 

It is these problems of forecasting price and demand interactions that have 

prompted the latest NEB test. As consumers choose to take advantage of DSM rebate 

offers, some of the costs confronting a utility increase. The costs associated with
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these programs are passed onto all of the utility's customers -- not just to the 

customers receiving the rebates. The electricity or gas rates increase for two reasons: 

(1) A utility's cost of operation increases due to the rebates paid and the 

administration costs of the program, and (2) Less units of energy are being sold, so 

more revenue per unit sold must be collected to cover the revenue requirements. 

Assuming that energy is classified as a normal good, consumers’ reactions to a 

price change can be broken into two parts: substitution and income effects. As the 

price for energy rises, these two economic characteristics should cause a change in the 

consumption habits of the utility customers. Under DSM, consumers who do not take 

advantage of the rebates will see increased monthly bills as a result of the higher 

rates. With the assumption of rational consumers and normal economic goods, these 

consumers should adjust their consumption to a lower level. The higher monthly bills 

decrease their income and cause a substitution away from consuming that form of 

energy thereby causing a reduction in benefits from DSM. Consumers who do take 

advantage of the rebates may react differently. The fuel-efficient appliances may 

reduce their consumption more than enough to make-up for the rise in energy rates. 

As a result, their monthly bills could decrease. This decrease in bills increases their 

incomes and causes a substitution toward more consumption. 

The consumption pattern changes caused by the change in price have some 

analytic background. Anderson and Kushman performed an economic study of energy 

consumption in household heating. The results of the study show that consumers treat
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household energy consumption as if it were a production function and adjust the 

temperature of their households in response to production and budget constraints 

[Anderson and Kushman 1987]. 

It is these concerns that have caused professionals to revisit the evaluation 

methodologies of DSM programs. The success or failure of a least cost plan is 

largely determined by the cost-benefit tests performed on the various planning options. 

It is in this step that DSM programs can be inaccurately rejected or incorrectly 

accepted as viable least cost options based on the information used in the analysis. 

However, the economic theory presented by Braithwait and Caves needs to be tested 

with actual data to determine the existence of the suspected additional benefits and 

costs.



CHAPTER TWO 

DATA, METHODOLOGY, and ANALYSIS 

The lifetime of DSM and least cost planning is over ten years. Utilities have 

been keeping accurate records of their DSM expenditures for rate case and LCP case 

proceedings. Therefore, it is possible to use the consumption and price records of 

actual households to discover if theoretical speculation accurately predicts the 

consumption habits of participants and non-participants, and if empirical evidence can 

support or refute the claims made by Braithwait and Caves in their call for new 

evaluation procedures. 

To complete this task, three consumption scenarios will be created and 

compared against each other using a specific set of gas company customers throughout 

a period of time when DSM was in affect. One scenario will provide a forecast of 

consumption had no DSM been implemented, another scenario will show the actual 

consumption pattern of households, and a third scenario will illustrate the utility's 

forecast of energy savings. 

2.1 Data Description 

Since it is the impact of higher energy rates that are being analyzed, it is 

important to understand just how DSM is included in the ratebase. Utility customers 

13
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are segregated into broad customer sectors: residential, commercial, multifamily, and 

interruptible to name a few of the most common. Within each sector, the individual 

customer is further segregated into classes according to their uses for gas (heating, 

cooling, non-heating or other, etc.). Each class has its own rate that is charged to the 

customers within the class. For example, a household at 123 Maple Street that uses 

gas for heating and cooking would fall within the residential heating classification, 

while a restaurant that uses gas for cooking would fall within the commercial non- 

heating classification. The offering of DSM programs will raise the rates of all 

customers within a customer sector, not just within a rate classification. Therefore, if 

the house at 123 Maple Street installed a high-efficiency gas furnace and used a rebate 

from the local gas utility, the costs that the utility faces from that program are passed 

on to all residential customers, not just residential heating customers. 

The fragmented nature of the rates charged to customers, and the variety of 

DSM programs that can be offered make it difficult and unreliable to perform an 

analysis of the impact of DSM by aggregating all customers and all DSM programs 

into one group. By doing this, accuracy and the individual characteristics of each 

DSM program are lost. 

To combat this accuracy problem, the DSM portfolio of a specific natural gas 

utility operating in the Mid-Atlantic United States will be used. This utility's 800,000 

customer base is highly homogeneous, and its conservation efforts are dominated by 

one DSM program that has been consistently offered each year since 1989.
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The customer base served by this gas utility is overwhelmingly residential. In 

1995, over 92% of the company's total customers were residential, providing nearly 

60% of the company's operating revenues and 50% of the company's gas sales. 

Looking just at the residential classification, 95% of the customers, 99% of the therms 

sold, and 99% of the operating revenues are derived from one rate classification -- 

residential heating [Utility Financial Statements 1995]. In addition, within the 

jurisdiction with the longest history of DSM, eight DSM programs were offered to the 

residential customers through the seven years from 1989 to 1995. Of these eight 

programs, over 50% of the therm savings and rebate expenditures are a result of a 

high-efficiency boiler-furnace rebate program [Utility Least Cost Plan 1994]. In 

discussions with the utility staff and members of the public service commission 

operating in this jurisdiction, four of these programs will be discontinued as of 1996. 

Using the same savings and expenditure information as above, only removing the 

discontinued programs, the residential boiler-furnace program accounts for over 90% 

of the therm savings and almost 90% of the rebate expenditures [Utility Least Cost 

Plan 1994]. 

The dominance of the residential boiler-furnace program in this utility's DSM 

portfolio is not surprising. Space heating is the largest consumer of natural gas in the 

residential sector. Of the four most popular gas enduse appliances (space heating, 

water heating, drying, and cooking) in households, space heating is expected to 

consume approximately 770 therms annually. The load associated with gas space
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heating is at least 71% of the total load for households that have all four appliances 

[Brown, Trost, and Woods 1994]. The dominance of the residential heating customer 

class and the high-efficiency boiler-furnace program in this utility's business 

operations makes it possible to use these customers in the determination of changing 

customer consumption patterns and the two biases of traditional DSM benefit-cost 

tests. 

2.2 Literature Review 

Since residential heating is the major source of demand for natural gas, and it 

will be used as the basis to analyze the consumption patterns of energy consumers, it 

is necessary to formulate a demand function for household heating to get an accurate 

picture of the consumption patterns that DSM is affecting [Munasinghe 1983]. The 

literature is abundant with studies performed to estimate the determinants of household 

heating. 

Noticing that most analyses of household heating demand use aggregated data, 

Green, Salley, Grass, and Osei, use a cross section of households from twenty-three 

urban areas to estimate the impact of price on heating fuel consumption [Green, 

Salley, Grass, and Osei 1986]. The authors argue that by limiting the sample to urban 

homeowners, the aggregation error found in other studies was lessened. Their model 

estimates the quantity of natural gas demanded for heating being determined by the 

own-price (lagged one year), price of electricity (lagged one year), temperature,
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household income, number of children, and dummy variable for region of U.S. All 

variables are significant in the results. The conclusion shows that the price and 

income elasticities of this disaggregated data are lower and more stable than studies 

using aggregated data. 

Ritchie, McDougall, and Claxton estimates household energy consumption and 

conservation by allowing for attitudinal variables in addition to the more traditional 

explanatory variables [Ritchie, McDougall, and Claxton 1981]. The analysis has two 

parts: (1) the explanatory power of each variable on consumption individually, and 

(2) the explanatory power of all variables combined on consumption. The 

determinants included are: temperature, structural characteristics (number of rooms, 

fireplace, multiple dwelling), and demographic variables (income, family size). 

Individually, temperature, household size, income, family size, and age of head of 

household are all significant. The age of the household, appliances, education, 

working parents, and years at residence have no explanatory power. Of the attitudinal 

determinants, only five are significant: importance of conservation, participation in 

conservation, knowledge of energy use, importance of individual efforts, and role of 

business and government. The explanatory power of all the variables combined found 

that temperature, number of rooms, fireplace, thermostat setting, and family income 

are all positively related to energy consumption for heating while, multiple family 

dwelling and electric space heating use are negatively related. 

In their study of home heating demand, Anderson and Kushman, explain that
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there is a heating satiation point, below which the marginal utility of temperature is 

positive and above which the marginal utility of temperature is negative [Anderson 

and Kushman 1987]. They also go on to state that a rational utility-maximizing 

household will not heat to its satiety temperature unless fuel is free. Instead, the 

temperature is determined by their budget constraint and preferences for other goods 

and services. The model in their analysis includes: education, temperature, number 

of children under 5, number of adults over 55, percentage of time at least one person 

is home, and four taste variables (seriousness of US energy situation, support for free 

or low cost home energy conservation, support government imposed conservation, 

willingness to reduce home energy costs). When the taste variables were added to the 

model, their values are insignificant and play no role in determining household heating 

consumption. 

Finally, Alex Scott performed a study of household heating stressing the 

importance of economic considerations [Scott 1980]. His argument is that most of the 

Studies in this area to date only look at technical determinants (i.e., household 

structure, temperature, etc.). While these considerations are important, it is necessary 

to include the economics of the problem. In his model, Scott develops a household 

heating fuel consumption model that incorporates fuel price, consumers' income and 

utility functions, and a heat production function which treats the house as a firm 

producing heat. Their is no demand for fuel for heat. Instead, it is necessary to use 

both supply and demand relationships to derive a consumption model which can
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explain fuel consumption. The demand relationship is a function of the price of heat, 

price of other goods and services, real income, real wealth, and social characteristics. 

To complete the model, the supply relationship is a function of fuel input, house 

characteristics, and temperature. 

2.3 Methodology 

To evaluate whether or not DSM programs have caused an increase in 

participant's consumption and a decrease in non-participant's consumption, data from 

actual customers and actual program participants is used. Concentrating on the 

residential boiler-furnace program of this utility, three scenarios are developed 

spanning a five year time frame from 1991 through 1995. Scenario One estimates 

consumption in a no-DSM world and consequently no rate increase from these efforts. 

Scenario Two includes what actually happened and provides the actual consumption 

patterns of participants and non-participants over the same five years. Finally, 

Scenario Three shows the utility's savings prediction from participants for the five 

year period. It is on this forecasted savings that the initial cost-benefit tests are based. 

In 1988, the natural gas utility in this study was ordered by the public service 

commission in one of its jurisdictions to implement a least cost plan. As part of this 

order, the utility established a high-efficiency boiler-furnace DSM program in 1989, 

and the program has been offered annually since. Rebates are offered to purchasers 

of new, high-efficiency natural gas boilers or furnaces that exceed an 80% AFUE
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rating. The original goal of the program is to "promote the replacement of residential 

boilers and furnaces with high efficiency equipment by a broad range of customers 

[Utility Least Cost Plan 1990]." 

In 1989, 31 households took advantage of the offer. In the following year, the 

costs associated with this and other DSM programs were included in the per unit rates 

charged to all customers. These rates took affect in June 1990. Also, in 1990, an 

additional 126 households purchased high-efficiency natural gas heating systems 

through the rebate program. These households, a total of 157, are used as the 

population to draw the participant group from since they are easily identifiable using 

company billing and consumption records, and they have the longest established 

history of participating in the program. 

The steps taken to examine the change in consumption patterns will employ 

individual household consumption information, the literature of household heating, and 

basic statistical testing procedures. 

2.3.1 Analysis Group Formation 

The key to accurately evaluating a program's cost-benefit success, and to 

determine the viability of Braithwait's and Cave's allegations of unaccounted-for costs 

and benefits, is the ability to compare what actually did happen to the utility's 

predicted savings estimates and to the consumption in a no-DSM world. Since 

company records show exactly what did happen and what the utility estimated for its
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participants, forecasting techniques are employed to determine consumption in a no- 

DSM world. The starting point for this task is to examine the consumption patterns 

of the 157 participating households prior to the implementation of the residential 

boiler-furnace program in 1989. Company records of household monthly gas 

consumption are available as far back as 1984. Therefore, the period from 1984 to 

1988 was used as a source of data to attempt to discover what these customers would 

have consumed from 1991 to 1995. 

The company records show that 102 of the 157 participating households were 

heating customers continuously from 1984 to 1995. Using heating customers 

consistently throughout the analysis keeps the seasonal variation in consumption 

among the customers in the dataset consistent as well as the intensity of use and the 

per unit gas charge. Since the remaining 55 households were only customers during 

part of this time, they were not used. 

The dataset, however, is only half complete. The 102 future participants need 

to be compared to 102 future non-participants so that the analysis includes a consistent 

set of customers from beginning to end. To determine who these future non- 

participating customers were, comparison theory was used. From the literature, the 

following variables are significant determinants of gas consumption for heating: 

temperature, household size, household income, number of occupants, fuel price, 

education levels, and multifamily dwellings. To form the comparison group of future 

non-participants, a method was used to equalize many of these variables between the
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participants and non-participants. 

In the strict statistical definition of comparison groups versus control groups, 

this analysis used the former. Control groups are formed by the process of 

randomization. Comparison groups are groups that are matched to be comparable in 

important respects to the experimental group [Bingham 1989]. This type of 

methodology was used by Newcomb in his study of low income energy assistance 

programs [Newcomb 1984]. The process used by Newcomb will be closely followed 

and used by the analysis in this thesis. 

Newcomb examines the change in consumption of low-income participants to 

other energy consumers. He realizes that the "main problem in carrying out empirical 

work in this field lies in the number of variables which must be taken into account. 

Samples need to be selected which have homogeneity with respect to many variables, 

allowing attention to be concentrated on relatively few important parameters [Scott 

1980]". He forms a comparison group to his participant group. The characteristics of 

the comparison group in terms of housing, income, preweatherization, and energy use 

are proven to be comparable. The test is used to determine whether the average 

energy consumption of participants is different from the average consumption of non- 

participants. He finds that there is no statistical difference between the groups in the 

pre-period, but there is statistical differences in the post-period. 

For this thesis, achieving homogeneity between the participant group and the 

comparison, or non-participant, group was accomplished using company records. The
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jurisdiction under examination is highly urban with its stock of households largely 

consisting of brick row houses built in the late 1800s to early 1900s making structural 

characteristics similar between households. A "twin" household that compares to the 

demographic and structural characteristics of each of the participating households was 

found through a "neighborhood match" analysis. 

The neighborhood match methodology follows the principles of geo- 

demography, a marketing concept that assumes that neighborhoods tend to contain 

people that have similar socio-economic and demographic characteristics. Its use 

enables closer matching of comparisons and program participants with respect to age 

of housing stock and appliances, size of households, and general income level of 

residences. 

There are several advantages to using this methodology. First, neighbors from 

the same street are more likely to have similar demographic characteristics than 

individuals not matched with respect to physical location. Second, neighbors are more 

likely to have their meters read on the same day, which eliminates weather effects in 

the comparison of billed gas usage. Neighbors are also matched for rate classification 

so that similar usage levels are compared (i.e., customers without gas space heating 

are Classified differently than customers with gas space heating). This rate class 

delineation was easily determined from company billing records. 

Neighbors of a program participant were identified in two ways. First, the 

company's account number indicates each customer's route. This geographically
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limited the area and billing cycle from which the neighbor match is chosen. Next, the 

match was restricted to individuals living on the same street as the participant. This 

further reduced the number of neighbors compared. Once a pool of neighbors was 

identified, the pre-period annual gas consumption of each neighbor was compared with 

that of the participant. The neighbor whose pre-period consumption most closely 

matched the participant's was chosen as the comparison group of non-participants. To 

determine if the comparison group was statistically similar to the participant group, a 

t-test of the pre-period consumption was performed. 

Using the neighborhood match methodology and comparing 1988 (pre-period) 

annual consumption by household and delineating by route and street, 95 of the 102 

future participants proved to have a comparison household. The annual consumption 

of both groups was tested for significance to determine if the difference between the 

mean consumption of both groups was significantly different from zero. The results 

of the two-tailed t-test, shown below, prove that the 95 future participants and their 95 

future non-participating comparison households are identical and can be used for the 

analysis. 

Null Hypothesis: Mean Difference = 0 

Alternative Hypothesis: Mean Difference > < 0 

N = 95 

Mean = 6.4989474 

Standard Error = 16.6797467 

T-Stat = 0.3896311 

Alpha = 0.05
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Since 0.389 < 1.96, then we fail to reject the null hypothesis, and with 

a 95% confidence level, the mean difference between the participant group and 

comparison group is not statistically different from zero. 

An annual mean household consumption estimate was obtained for all 95 future 

participants, all 95 future non-participants, and collectively, for each year from 1984 

through 1988 (shown in Figure 1 at the end of the chapter). The difference between 

their means from zero was also tested for significance at an annual level. The results 

of these z-tests are shown in Table 2. These 190 households were used to create the 

three scenarios for the analysis. 

4.3.2 Scenario One -- Prediction of No DSM World 

In a no-DSM world, there are no conservation programs, no participant 

groups, and no non-participant groups. Consequently, the costs associated with these 

programs are not imbedded in the rates charged to gas customers. 

Since conservation programs and their costs have been a part of this utility and 

its customers since 1990, actual consumption patterns per household without 

conservation from 1991 to 1995 were not possible. Therefore, an attempt was made 

to estimate a model using the actual monthly consumption of the 190 future 

participants and non-participants from 1984 through 1988 so that household 

consumption from 1991 to 1995 could be determined. 

As discussed above, the general form of the model to estimate household 

heating gas consumption is as follows:



TABLE 2: PRE-PERIOD SIGNIFICANCE TESTING 

Null Hypothesis: Mean(FP) - Mean(FNP) = 0 
Alternative Hypothesis: Mean(FP) - Mean(FNP) > < 0 

Where FP = Future Participants and FNP = Future Non-Participants. 

  

  

  

  

  

  

  

    

Mean Annual Standard Mean Annual Standard 0.10 Level of 

Consumption Error Consumption Error Significance 

Year FNP FNP FP FP Z-Statistic z=1.645 

1984 1434.64 55.1144 1416.55 64.922 0.21 Fail to reject 

1985 1278.74 44.931 1268.40 53.128 0.15 Fail to reject 

1986 1414.52 52.813 1422.30 59.324 -0.10 Fail to reject 

1987 1373.96 51.064 1361.68 57.896 0.16 Fail to reject 

1988 1430.66 55.069 1424.16 58.193 0.08 Fail to reject             
  

The annual average consumption between the two groups is not different from zero. That is, both 

groups are statistically similar for average consumption from 1984 - 1988. 
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GAS CONSUMPTION = B1*TEMPERATURE + B2*GAS PRICE + 

B3*HOUSEHOLD SIZE + B4*HOUSEHOLD 

INCOME + B5*EDUCATION + 

B6*MULTIFAMILY DWELLINGS 

Since the households are statistically similar demographically through the 

neighborhood match technique and no reliable household specific data is available, the 

last four determinants were excluded since they do not act as shift variables. 

Therefore, the general form of the attempted model to forecast gas consumption per 

household is: 

GAS CONSUMPTION = B1*TEMPERATURE + B2*GAS PRICE 

The data necessary to perform the regression consists of the individual 

customer's monthly billing history, the number of heating degree days for each month 

from company records, and the price of gas charged by the company as listed with its 

state commission. 

Gas consumption: — Available by household on a monthly basis for every 

year. 

Temperature: While actual degrees are not available, the number of 

heating degree days (HDD) is available for each month, 

for each year. The HDD is an industry standard that 

represents the difference between the average daily 
temperature and 65 degrees F.
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Gas Price: Actual gas rates charged to customers are available as a 

matter of public record. The gas charges are an exact 

cent-for-cent pass through to the consumer of what the 

gas cost the utility. 

No model was estimated that included price. Several attempts were made 

using a variety of functional forms and data. Dummy variables were added for 

seasonal, annual, and pre-and post-period delineation. Models that did offer 

promising results exhibited a structural change either between participants and non- 

participants in the same period or across the two periods. Among the largest 

problems in estimating an accurate model was in obtaining a price coefficient that had 

the correct sign and was significant. Price was included several ways -- lagged one 

month, lagged one year, in the form of lagged monthly bills, or any of the above in 

log form -- but no one way was completely successful. Results did indicate that 

consumers were price-sensitive in the pre-period (1984-1988), but were not price- 

sensitive to the change in rates caused by DSM in the post-period (1991-1995) 

illustrating the potential for the existence of structural change from 1984 to 1995. In 

the end, including a price variable did nothing to improve the strength of the 

explanatory power of any of the modelling attempts. Temperature, in the form of 

heating degree days, was the most consistent performer in any of the estimation 

attempts. Therefore, using the available data, the following model was estimated to 

explain monthly household gas consumption.
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Pre Period: Future Participants 

MONTHLY GAS = 37.49 + 0.242*HDD 

Standard Error: 1.58 0.003 

T-Statistic: 23.73 73.64 

Number of Observations: 5460 

Degrees of Freedom: 5458 

Sum of Squares Error: 37,114,926 

R-squared: 0.4984 

Adjusted R-squared: 0.4983 

Dependent Mean: 119.91 

Future Non-Participants 

MONTHLY GAS = 37.80 + 0.238*HDD 

Standard Error: 1.44 0.003 

T-Statistic: 26.34 80.06 

Number of Observations: 5534 

Degrees of Freedom: 5532 

Sum of Squares Error: 31,585,750 

R-squared: 0.5367 

Adjusted R-squared: 0.5366 

Dependent Mean: 118.99 

Post-Period Participants 

MONTHLY GAS = 25.09 + 0.228*HDD 

Standard Error: 1.27 0.003 

T-Statistic: 19.63 83.37 

Number of Observations: 5475 

Degrees of Freedom: 5473 

Sum of Squares Error: 24,082,414 

R-squared: 0.5594 

Adjusted R-squared: 0.5593 

Dependent Mean: 101.05 

Non-Participants 

MONTHLY GAS = 30.73 + 0.252*HDD
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Standard Error: 1.48 0.003 

T-Statistic: 20.76 78.71 

Number of Observations: 5525 

Degrees of Freedom: 5523 

Sum of Squares Error: 33,257,503 

R-squared: 0.5287 

Adjusted R-squared: 0.5286 

Dependent Mean: 113.30 

While none of the R-squared or adjusted R-squared values are strong, they are 

acceptable given that the data is cross-sectional. All the coefficients provide 

reasonable estimates. The intercept provides an estimate of weather insensitive gas 

consumption (cooking, drying) and the HDD coefficient provides an estimate of 

weather sensitive gas consumption (heating). The model predicts that gas space 

heating will account for 700 to 900 therms annually, well within the expected 

consumption range. 

However, since the model does not include a price factor, no determination 

can be made as to what the household gas consumption would have been in a world 

without DSM and Scenario One cannot be constructed. Without Scenario One, the 

theoretical speculation that non-participants reduce their consumption cannot be 

determined as it would be shown as the difference between the forecasted consumption 

and actual consumption of non-participants. 

2.3.3 Scenario Two: What Did Happen 

With the availability of actual customer records, the actual average annual gas
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consumption per household is easily obtained. This average value can be calculated 

for the 95 participants during 1991 to 1995 and their matching 95 non-participants for 

the same time period. The results of this calculation are shown in Figure 2 and Table 

3 at the end of the chapter. 

2.3.4 Scenario Three: Utility Savings Prediction 

This line is just a graphical representation of the forecast presented by the 

utility at the implementation of the program of its expected level of gas savings per 

participating household each year. In most cases, this expected level of savings is an 

engineering estimate based on the mechanics of the heating system, the structural 

characteristics of the house, and the efficiency level of the equipment. This expected 

Savings estimate is also the figure used by the utility in its initial cost/benefit test of 

the program which determines whether the program will be offered or not. The utility 

is obligated to file these tests with the public service commission. For the residential 

boiler furnace program, the utility based its 1990 cost-benefit test on expecting the 

participants to save 17% of their current space heating load per year per household. 

When this forecast was made, the current space heating load existed in a world with 

no DSM. Since Scenario One predicts consumption in a no-DSM world, Scenario 

Three also cannot be estimated and participant's added benefits also cannot be 

estimated as the difference between the utility's prediction and actual participant 

consumption.
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TABLE 3: BACKGROUND STATISTICS OF ANNUAL 
CONSUMPTION ESTIMATES 

  

  

  

  

  

      

                      

  

  

  

  

  

  

  

Pre-Period 

Mean 1416.55 1268.40 1422.30 1361.68 1424.16 

Future | Households 95 95 95 95 95 
Participants 

Standard Error 64.92 53.13 59.32 57.89 58.19 

Mean 1434.64 1278.74 1414.52 1373.96 1430.66 
Future 

Non- Households 95 95 95 95 95 

Participants 
Standard Error 537.19 44.93 52.81 51.06 55.07 

Mean 1425.60 1273.57 1418.41 1367.82 1427.41 

All Customers | Households 190 190 190 190 190 

Standard Error 42.47 34.70 39.61 38.50 39.95 

Post-Period 1991 1992 1993 1994 1995 

Mean 1199.42 1387.30 1356.43 1333.99 1313.30 
Actual 

Non- Households 95 95 95 95 95 

Participants 
Standard Error 48.12 56.58 57.79 55.02 53.34 

Mean 1090.15 1205.46 1163.34 1198.08 1167.95 

Actual 
Participants Households 95 95 95 95 95 

Standard Error 47.25 51.54 49.39 51.28 46.96                       
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CHAPTER THREE 

DISCUSSION OF RESULTS AND CONCLUSION 

Actual household consumption records from a specific natural gas utility 

known to actively pursue DSM programs cannot offer empirical support to theoretical 

speculation. Literary arguments for new net economic benefit testing procedures of 

DSM programs cannot be supported by this analysis since gas price is not a significant 

explanatory variable. However, the same analysis also shows that customers remain 

responsive to weather across all periods, suggesting that Braithwait's and Cave's 

speculations may not be true. Finally, the analysis shows that participants in the 

residential boiler furnace program save energy over their non-participating 

counterparts. 

3.1 ‘Price Sensitivity 

The results of the modelling attempts discussed above indicate that price is not 

a significant factor in determining gas consumption for this study. While consumers 

may be energy price sensitive, they are not for the time period covered in this study 

and not for the variation in energy prices that occurs during these analysis years. For 

reasons not explained by the data available, consumers become less price sensitive in 

35
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the post-years than in the pre-years. Since the analysis could not determine how 

consumers react to the price of gas, no empirical support can be provided to 

determine how, if at all, DSM costs impact consumers’ behavior. There is no 

empirical evidence to support the speculative arguments that traditional DSM cost- 

benefit tests are incomplete or inaccurate. A lack of price sensitivity may be true in 

this analysis for several reasons. 

One reason is that the time period under investigation is too short for price to 

have an impact. Once households make investments into the capital equipment 

necessary to heat their homes, the demand for the heating fuel used by that equipment 

will become increasingly price inelastic. It will take large changes in price to affect 

consumption. Since the time period in this analysis spanned five years, and the 

normal life expectancy of a furnace is about 20 years, the analysis period is too short 

to cover the lifetime of the appliance. 

A second reason is that the gas price data used during the twelve year period 

(1984 to 1995) does not vary greatly. In fact, the gas price ranges from 

approximately 63 cents per therm to 84 cents per therm. In addition, the increase to 

gas price caused by DSM ranges from only 0.49 cents to 0.57 cents per therm. These 

variations in price may not be great enough to overcome the price inelasticity of 

natural gas in home heating. 

A third reason is a lack of additional explanatory variables. For versions of 

the model that price became significant, there was strong reason to reject the
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hypothesis that it was the same model between groups within one period and within 

groups across periods. Therefore, the behavior of the households in the analysis 

changed from one period to the next, and the variables in the model could not explain 

the change. 

3.2 Weather Sensitivity 

The impact of weather also casts doubt on NEB arguments. From the 

modelling estimates shown in the previous chapter, the coefficient of HDD in the pre- 

period was fairly equal between participants and non-participants, 0.242 and 0.238 

respectively. In the post-period, while not changing dramatically, the coefficient 

estimates diverge, going to 0.228 and 0.252 for participants and non-participants 

respectively. Looking across time periods, and at the same group of consumers, the 

coefficient for participants decreased from before DSM to during DSM while the 

coefficient for non-participants increased. These results indicate a decreased 

sensitivity to weather for participants in the post-period and an increased sensitivity to 

weather for non-participants, but they were all faced with the same temperature and 

weather conditions. 

There are two possible theoretical explanations for these results. The first is 

that non-participants increased the size of their houses or size of their families over 

their participant matches. The second is that participants are actually saving energy 

and non-participants are not.
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Non-participants may become more sensitive to weather, or their furnaces may 

consume more gas in the post-period than in the pre-period if the structural or 

demographic nature of their households changed. However, the occurrence of either 

one of these changes to non-participants and not to participants is unlikely. First, 

most of the structures in the geographic area of study are brick row houses. The only 

room these customers have to expand the size of their homes is into their small 

backyards. Second, since the non-participants and participants have been matched 

using comparison theory, it is also unlikely that any demographic changes that took 

place to non-participants also did not take place to participants. 

Relying on speculation, the weather coefficient also indicates that participants 

may actually be reducing their consumption and Braithwait's and Cave's arguments 

may not be true. High-efficiency furnaces are designed to provide an equal level of 

heat as a lower-efficiency appliance while consuming lower amounts of gas. The 

HDD coefficients imply that both groups of customers are keeping their thermostats at 

the same settings from one period to the next. However, the higher efficiency 

furnaces owned by participants are affected less by weather changes, and the lower 

efficiency furnaces owned by non-participants are affected more by weather changes. 

In other words, the participants may be showing reduced consumption and the non- 

participants increased consumption -- the opposite of NEB speculation and economic 

theory.
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3.3. Market Imperfections 

The inability of price to act as an explanatory variable in our analysis, and the 

indications of the coefficient on HDD in the model estimation both cast doubt on two 

of Braithwait's and Cave's theoretical arguments for an NEB evaluation test. 

However, given the results, what can be said about their third argument? How does a 

lack of consumer information of the energy efficiency industry affect the costs and 

benefits of DSM programs? 

The efforts so far show that gas price does not offer any explanatory power, 

but this does not mean that consumers are not sensitive to the price of gas altogether 

or are not sensitive to the up-front costs of appliances. Braithwait and Caves 

speculate that consumers do not operate with perfect information when purchasing 

new appliances. They may not be aware that the increased marginal cost of capital in 

purchasing a high-efficiency appliance may be earned-back quickly with the lower 

marginal cost of operation, or they may not be aware of the rebates being offered by 

the local gas company. 

While the rebates are designed to negate the higher purchase price of higher 

efficiency appliances, market imperfections may still exist concerning the rebate offer. 

Some of the non-participants may have purchased new furnaces without knowing 

about the rebates; thereby acting with imperfect information.
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3.4 Energy Savings 

A final analysis, that definitely can be performed, is to evaluate whether or not 

the actual consumption patterns of participants are lower than non-participants. As 

shown in Figure 2 in the previous chapter and Table 4 below, only in the first year of 

the program is there any doubt as to the success of the program. At a 0.10 level of 

significance the remaining years indicate that the boiler furnace program is saving 

energy, and at a 0.05 level of significance only one additional year beyond the first 

indicates no savings. 

The goals of DSM is to save energy and to provide the lowest cost option. As 

long as the cost of DSM is small enough not to impact consumers’ behavior, then 

efforts should be concentrated on designing programs that will save energy. 

However, fear of potential inequities in asking non-participants to pay higher rates has 

prompted a policy issue with DSM programs and who pays for them. 

3.5 Policy Implications 

The intent of LCP and DSM is to implement the planning alternative that 

offers the lowest cost. If a DSM program is chosen, then it is assumed that all 

consumers benefit since it was lower in cost than the alternative. If this assumption is 

true, then both participants and non-participants are benefitting from DSM programs. 

However, there is still an issue of one group of consumers (non-participants) partially 

subsidizing the benefits of another group of consumers (participants). This equity



TABLE 4: SIGNIFICANCE TESTING OF CONSUMPTION SCENARIOS 

Null Hypothesis (Ho): Mean Non-Parts. - Mean Participants = 0 

Alternative Hypothesis (Ha): Mean Non-Parts. - Mean Participants > < 0 

  

  

  

  

  

    
    

Actual Consumption Non-Participants -- Actual Consumption Participants 

Z-stat 0.10 Level of 0.05 Level of 

Significance Result Significance Result 

1991 1.62 1.645 Fail to reject 1.960 Fail to reject 

1992 2.38 1.645 Reject Ho 1.960 Reject Ho 

1993 2.54 1.645 Reject Ho 1.960 Reject Ho 

1994 1.81 1.645 Reject Ho 1.960 Fail to reject 

1995 2.05 1.645 Reject Ho 1.960 Reject Ho                 
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consideration has caused utilities and regulators to re-design the rebate conservation 

programs so that only those benefitting from the rebates are asked to pay. Three 

popular ideas are being considered to accomplish this goal: 

1. Require the recipients of a rebate to pay the rebate back over time with 

no interest fee. While not all the rebate money will be collected (in 
real terms), enough should be collected so that the level of subsidization 

is decreased. 

2. Design separate pricing structures for participants and non-participants 

where the costs of DSM programs are charged only to participants. 

3. Ask all ratepayers to voluntarily round-up their monthly bills to the 

nearest dollar. The amount that customers voluntarily round-up is used 

as the only funding source for conservation programs. 

3.6 Conclusions 

The results of this analysis fail to agree with the speculative arguments offered 

by NEB supporters. In fact, weather data suggests the opposite to be true. If DSM 

programs are to continue as they are currently designed, with all consumers paying 

their costs, then additional study with more detailed data and explanatory variables is 

needed to discover all the decision factors in determining gas consumption. 

Despite the course of action taken by utilities and their regulators on the future 

of paying for DSM, the most important efforts should be made in accurately 

evaluating the impact of the programs and how successful they are in achieving 

energy savings from the intended consumers.



REFERENCES 

Anderson, Joan Gray and John E. Kushman. "A Model of Household Heating 

Demand: Home Production with Satiety and Endowment." The Journal of 

Consumer Affairs 20(1) (summer 1987): 1 - 20. 

Bingham, Richard D. Evaluation in Practice: A Methodological Approach. White 

Plains NY: Longman Inc., 1989. 

Braithwait, Steven and Douglas Caves. "Three Biases in Cost-Efficiency Tests of 
Utility Energy Efficiency Programs." The Energy Journal 15(1) (1994): 95 - 

119. 

Brown, G.D., Robert P. Trost, and Walter D. Woods. "Measurement Error Bias in 

Gas Appliance Unit Energy Consumption Estimates for End Use Forecasting 

Models." AGA Forecasting Review (1994): 24 - 47. 

California Public Utilities Commission. 1987. Standard Practice Manual: Economic. 

Analysi nd-Si n nt Programs. comp. Don Schwartz and 

Don Shultz. California Public Utilities Commission and California Energy 

Commission. P400-87-006. 

Chamberlin, J.H. and P.M. Herman. "Why All 'Good' Economists Reject the RIM 

Test." In P ings of h ional Demand-Si 

Conference Held 24 - 26 March 1993, Electric Power Research Institute, 

1993. 

Connecticut Natural Gas Corporation. 1988. Conservation Plan. 

Electric Power Research Institute. 1989. Demand-Side Management: Utility Option 

for the Future. Palo Alto: Report CU-3028.10.80. 

Gellings, C.W., and J.H. Chamberlin. 1993. Demand-Side Management Planning. 

The Fairmont Press. 

Green, Rodney D., Arlease G. Salley, Gail Grass, and Anthony A. Osei. "The 

Demand for Heating Fuels: A Disaggregated Modeling Approach." Atlantic 

Economic Journal XIV(4) (December 1986): 1 - 14. 

Munasinghe, Mohan. En nomi 

Policy. New York: Van Nostrand Reinhold Company Inc., 1983. 

43



44 

National Association of Regulatory Utility Commissioners. 1993. Primer on Gas 

Integrated Resource Planning. comp. Charles Goldman, G. Alan Comnes, 

John Busch, and Stepen Wiel. Lawrence Berkely Laboratory and United States 

Department of Energy. LBL-34144. 

Newcomb, Tim. "Conservation Program Evaluations: The Control of Self-Selection 
Bias." Evaluation Review 8(3) (June 1984): 425 - 440. 

Ritchie, J.R. Brent, Gordon H.G. McDougall, and John D. Claxton. "Complexities 

of Household Consumption and Conservation." Journal of Consumer Research 8 

(December 1981): 233 - 257. 

Scott, Alex. "The Economics of House Heating." Energy Economics (1980): 130 - 

140. 

Utility. 1994 Least Cost Plan. 

Utility. 1990 Least Cost Plan. 

Utility Financial Statements. Calendar Year 1995.



VITA 

Colin Shay earned a Bachelor of Science degree in Mineral Economics from 

the Pennsylvania State University in 1990. He began his work toward a Masters 

degree in Economics in 1992 at Virginia Polytechnic and State University. 

His professional career has concentrated on the energy industry. Upon 

completion of his B.S., Mr. Shay was a member of the interstate gas pipeline rate 

design staff at the Federal Energy Regulatory Commission. He has also worked for 

several consulting firms performing a variety of economic analyses of major upstream 

and downstream natural gas and electricity planning issues. Currently, Mr. Shay 

forecasts gas sales and rates for a local gas distribution company. 

Vl, Ade. 
Colin G. Shay (J 
  

45


