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Foreword

This primer is the culmination of a project sponsored by the Energy Conservation
- Committee of the National Association of Regulatory Utility Commissioners (NARUC).
In 1990, the Energy Conservation Committee formed a Subcommittee on Gas Integrated
" Resource Planning to examine technical and policy issues relevant to integrated resource
planning (IRP) for gas utilities. The purpose of this effort is-to provide the same useful
discussion of issues for regulators as had been achieved through two previous handbooks
related to IRP for electric utilities. We gratefully acknowledge the outstanding work
which: has “been: accomplished by Chuck Goldman, Alan Comnes, John Busch and
Stephen Wiel of the Lawrence Berkeley Laboratory and express our appreciation for the
project funding provided by the Department of Energy (DOE) through the Assistant
Secretary for Energy Efficiency and Renewable Energy.

This primer- addresses utility and regulatory considerations which are relevant to the
strategic planning process in the provision of natural gas utility service. Such strategic
planning is key to the prudent operations of gas utilities, just as it is for electric utilities.
An optimum resource selection process should not be viewed as new to-either industry,
but rather is already or should have been an integral part of a given' company’s
operations. This primer is not intended to serve as a handbook, but rather as a treatise
exploring considerations which are worthy of review by those willing to give the subject
of IRP for natural gas fair and objective consideration. One of the very purposes of this
project is to compare key similarities and differences between strategic planning
processes for electric and gas utilities. While IRP for electric utilities has received more
attention, that does not make it more important, particularly to the customers of gas
utilities.

As background research was in progress, the Energy Policy Act of 1992 (EPACT) was
passed which requires state regulatory commissions to consider whether it is appropriate
to implement IRP for gas utilities. The EPACT requirements positively affect the
timeliness and relevancy of this primer because it provides state commissions and their
staffs with information on technical and policy issues they will face in their consideration
of gas IRP.

We believe an unprecedented and successful effort has been made in the development of
the primer to obtain input and comments from industry groups, consumer representatives
and technical experts through the formation and active involvement of a Technical
Advisory Group (see “Acknowledgements”). This document has also been reviewed
extensively by individuals from the NARUC Energy Conservation and Gas Committees
and their respective Staff Subcommittees. Over 40 individuals contributed their ideas
during this project, and helped assure that this primer provides a fair and balanced
treatment of gas IRP policy and technical issues. We sincerely thank those individuals

Xi



who together have contributed hundreds of hours improving the quality and usefulness
of the report.

As this primer goes to press in the fall of 1993 many Local Distribution Compames
(LDCs) and their customers are experiencing mgmﬁcant price increases as the result of
implementation of FERC Order 636.and increased demand for natural gas. Pncmg trends
- and multiple choxces for supply make state-of-the—art resource ‘planning for natural gas
critical. . . . : R

We trust that fyoﬁ; thc' :rekader,’ wxll ﬁnd this pfitﬁér to be a,rgsourée of greé.,_t value.

e

Commissioner Steve Ellenbecker ~~ Commissioner Jo Ann Kelly
Gas IRP Subcommittee Chair ... Gas Committee Liaison

,Paul Newman o
Lead Staffmember Gas IRP Subcommlttee
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Executive SUmmarx

State public utility commissions (PUCs) have taken increased interest in integrated

resource planning (IRP) for gas local distribution companies (LDCs). IRP involves a
~process -used by utilities to assess a comprehensive set of supply- and demand-side

options based upon consistent planning assumptions to create a resource mix that reliably

satisfies customers’ short-term and long-term energy service needs at the lowest total
- cost. Consideration of gas IRP by state PUCs is driven by several factors:

e environmental concerns and energy policies at the national and state levels
‘that ‘emphasize reliance on environmentally acceptable, domestic energy
resources;

© internal dynamics and changes in the gas industry; and

© developments in the electric power industry (e.g., widespread use of IRP
processes in that industry).

The growing energy and environmental concerns of the U.S. government are illustrated
by the Energy Policy Act of 1992 (EPACT). EPACT includes provisions that encourage
energy efficiency and requires state PUCs to consider use of integrated resource planning
by gas LDCs. ~ B

- During the past fifteen years, profound changes in the U.S. gas industry have resulted
from. market . forces and regulatory policies (see Figure ES-1)(Arthur Andersen &
Company and Cambridge Energy Research Associates 1988). Gas wellhead prices were
deregulated and vibrant markets for spot gas, short-term contracts, and futures have
developed, which allow producers and gas marketers to sell directly to LDCs and large-
volume end users. In a series of Federal Energy Regulatory Commission (FERC) Orders
(436, 500, 636), interstate pipelines were required to provide open access to end users
and gas marketers/brokers, completely unbundle their merchant and transportation
services, develop capacity release mechanisms, and shift to a “straight-fixed variable”
rate design. The resulting industry restructuring has had a major impact on gas utilities
who must now become active managers of their own gas supply portfolios, choosing
among different suppliers and developing the proper mix of short- and long-term supply.
LDCs are faced with deciding whether to develop their own gas supply portfolios or
contract out portfolio aggregation and rebundling functions to other parties (e.g.,
producers, pipeline affiliates, marketers). ‘

State regulators face the challenge of managing and responding to the competitive forces
- that have been unleashed by gas industry restructuring. PUCs will have to decide to what

xv



Figure ES-1. Evolution of Gas Marketing
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extent they want to extend and replicate FERC policies and goals for pipelines in their
regulatlon of gas LDCs. State PUCs and gas LDCs are likely to continue recent trends
in which they dlstmguxsh between captive core and large volume noncore customers in
terms of the services offered, the extent of regulation, and their obligation to serve.

Current procedures for monitoring gas supply costs and reliability may also have to be
adapted in the period after FERC Order 636. State PUCs must also consider differences
between electric and gas utility industries when developing appropriate regulatory policies
and expectatlons for gas LDCs.:

Some states have adopted formal gas IRP regulations with mixed success; regulators of
adopting states were influenced by the electricity industry’s IRP paradigm and tried to
transfer that approach to the gas industry. In some cases, PUCs were also attempting
to be consistent in their treatment of regulated energy industries or wanted to facilitate
statew1de mtegrated electnc and gas planmng

Table ES-1 highlights dlfferences between the U.S. gas and electric industries in ﬁve
major areas: industry structure and organization, planning practices, end-use market
characteristics, avoided supply .costs, and access to retail utility service. Distinctive
features of gas LDCs compared to electric utilities include a lack of vertical integration,
shorter planning horizons, a focus on supply procurement and distribution system
expansion rather than generation capacuy expansion, more intense compefition in end-use
markets, and lower avoided supply costs Low avoided gas supply costs mean that it is
more difficult for gas conservation programs conducted by gas utilities to pass cost-
effectiveness tests. o

Integrated resource planning for: gas- LDCs 1s one approach for state PUCs to consider
in addressing the challenges of gas industry restructuring. An IRP regulatory process
may typlcally involve:

P a formal integrated resource plan presented by a gas LDC in a regulatory
forum that is separate from rate cases; »

° explicit consideration of a-wide variety of supply- and demand-side Bptions;
° public participation in the d_evelopm_ertt and/or review of the resource plan;

e review, and possibly approval, of the utility’s plan by a regulatory
comrmsswn



Table ES-1. Differences Between Gas and Electric Utilities

Industry Structure
and Operation

Planning Practices

End-Use Market
Characteristics

Av'oide'd : Sup,ply, ,‘("Zostys .

Access to Retail Utility

Service

“ “Vertically-
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except for new
generation

10-30 yrs
Electricify is an
essential

service
“‘More difficuit

to fuel switch

H.in,h.er;tﬁa,,n gas

when adjusted
for equivalent

‘energy services

provided
Methods
reasonably. well
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Potential benefits of gas IRP cited by proponents include:

e IRP provides documentation and support for the strategic planning activities

of gas LDCs;

e IRP may provide for implicit or explicit risk-sharing on major supply and

capacity decisions between utilities and regulators;
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IRP helps overcome market bamers and imperfections that inhibit penetration
of high-efficiency .end-use options, and by encouraging gas DSM, may
provide new opportunities for high-efficiency gas technologies where societal
benefits can be demonstrated;

IRP facilitates public participation and input in resource planning;

_IRP helps facrhtate coordmated energy and environmental planning.

' Others mvolved m the gas mdustry beheve that there are slgmﬁcant drawbacks to gas

] IRP regulatory processes.. ‘They conclude that 51gn1ﬁcant differences between electric and
. gas ) utilities mean that the beneﬁts captured by a formal IRP proceedmg are likely to be
small and wrll not. Jusnfy the addmonal transaction costs of such a process. They are
generally suppornve of some IRP ob_;ectlves (e y- o falr consrderatton of supply- and
demand-side options, development of appropriate evaluation criteria for DSM programs),
but conclude that the regulatory process associated with addressing IRP objectives should
be far less complex and costly than approaches typically used for electric IRP. In
critiquing the value of gas IRP regulatory processes they raise the following issues:

The direct and mdtrect costs of an addmonal gas IRP regulatory process can

- be substantial, and the beneﬁts are uncertam and likely to.be small. Critics

note that gas IRP ‘processes _often mvolve srgmﬁcant amounts of uuhty,

o regulatory, and third party staff time, .which could be better spent, given

limited resources, on other activities. Concems over the costs of the process
.are important because the potenttal beneﬁts of gas] IRP are. mherently less than
-those that can be realized by an.electric IRP. process. Supply-s1de decisions
,, ;for gas LDCs do not imply. large long-term irreversible cost commitments

and competmve gas markets limit opportunities for a public process to further
reduce gas costs.

‘A .gas IRP regulatory process, particularly ;one, that .implies regulatory
_preapproval, is incompatible with the development of a competitive gas

L 1industry.

‘The gas conservatxon potenttal that can. be acqmred cost-effecttvely by an
LDC is relattvely small because much of the economic potential will be

captured through government appliance and Jbuilding  standards and codes.
Moreover, the potential scope for developing cost-effective energy efficiency
programs is less for gas utilities than for electric utilities because gas avoided
costs are lower.



Both proponents and critics of gas IRP regulatory processes agree that strategic planning
is critically important for gas LDCs. To some degree, the incremental benefits of a
formal IRP process will depend on the extent to which a LDC’s existing strategic
planning process already includes and adequately addresses IRP goals and objectives.
Alternative regulatory approaches can achieve many of the goals of IRP for gas LDCs;
a variety of regulatory strategies are currently being considered and tested by state PUCs.

The primary focus of this primer is on technical and analytical issues that gas LDCs and
‘state regulators are likely to confront in attémpting to achieve IRP objectives and goals.
A 1991 survey conducted by the National Association of Regulatory Utility
Commissioners (NARUC) found that a lack of information on various IRP-related
- technical and analytical issues limited consensus.  This primer, prepared at the request of
NARUC’s Energy Conservation ‘Committee, is intended to fill the informational gap.
Because gas IRP is a relanvely new phenomenon and there is less consensus 'on accepted
practices, many topics in the primer caniiot be treated in a definitive manner instead they
~are treated through a dlSCUSSlOﬂ of altematrve approaches and their 1mphcatrons

Gas IRP Methods and Models

Regardless of whether gas IRP is pursued through a formal regulatory process or set of
methods that are overlaid upon existing ‘business and regulatory practices, IRP requires

“the coordination of several major areas of utility resource planmng demand forecasting,
supply-side resource selection, demand-side resource selection, resource integration, and
financial and rate forecastmg This coordination ‘should begm with a clear set of
objectives that define the mission of the gas local distribution’company. IRP objectives
usually include the: minimization of private or’social costs as well as other objectives that
address rate impacts, equity ‘impacts, and " utility - financial “health. A 51mphﬁed
representauon of the ana1y31s framework and the relahonshrps among various areas is
shown in Figure ES-2. ,

Demand forecasting may be conducted using econometric or end-use models, or models

that combine both. Most gas utilities- currently ‘use econometric methods to forecast

residential and commercial sector demand. End-use models have advantages in an IRP

context because the impacts of utility DSM programs can be reflected in the load forecast

more easily and because underlying assumptions and key appliance stocks and efficiencies

- are more understandable to nonutility parties. The complexity of demand forecasting will

~ increase for- LDCs in the post-636 era because of increases in the size and variety of
B 'customers that purchase transport-only servrces from gas LDCs.

Durmg resource integration, the utility analyzes in ‘detall supply- and demand-side options
that have emerged from screening processes and selects a mix of resource options that

XX



 Figure ES-2. Analysis Framework for Gas IRP
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best meets its IRP goals and objectlves. An 1mportant resource mtegratxon issue is where
to incorporate the effects of gas DSM programs: as a modification of customer demands
“or as a resource option that is selected, along with supply-suie resources in the gas
dispatch and capacity expansion models (see Figure ES-2).

Uncertainty is a critical factor in gas utility resource planning. One of the major
contributions of IRP has been its emphasis on analytic techniques that explicitly assess
risks associated with uncertainties in key variables. These techniques include:



® sensitivity analysis—key input variables are varied over a plausible range to
determine their impact on results; *

e probabilistic analysns—probablhty distributions are assigned to key input
variables, and outcomes are computed for all possible input variable
‘combinations or by Monte Carlo techniques; ‘and

© . scenario analysis—optimal resource plans are developed for various future
scenanos based on sets of mtemally conmstent assumptxons

,,_,Commercmlly-avaﬂable computer models exist for almost every aspect of gas IRP,
including integrated models. Most gas LDCs have chosen to link inputs and outputs of
- individual, detailed models into an integrated process rather than relying on integrated
- planning models where linkages among the major  analysis areas are handled
automatlcally by the model. The advantage of the linked; detailed approach is that it
"jallows gas LDCs to use thelr organization’s existing model capabilities.

Gas IRP Technical and Policy Issues

This primer addresses six major technical and policy issues that utilities and state
regulators are likely to confront when conducting IRP: (1) gas supply and capacity
planning in an increasingly competitive industry environment, (2) methods used to
estimate gas avoided costs, (3) economic analysis of DSM programs, (4) assessment of
the potential for-gas DSM, (5) end-use fuel substltutlon, and (6) financial aspects of gas
DSM.

- Gas LDC Supply and'.Capacity Planning in the Eost:636 Era.

Regulatory and market changes in the U.S, gas mdustry mean that LDCs now have a

- .very broad. array of supply and capacity. options..to. choose -among- for gas supply
planning; they can no longer rely on gas pipelines for supply management. The primer
focuses on four general topics: (1) existing and emerging supply and capacity resource
‘options, (2) major supply and capacity planning methods and i issues, (3) approaches to
PUC oversight of gas LDC procurement dec151ons and ) gas system reliability and
contingency planmng
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Major strategies used by LDCs to achieve gas‘sqpplyplzinning goals include:

® relying ona portfblio of gas’suppliesf that isy diversified with respect to gas

supply owner, contract term, and, if possible, supply basin and transport
facility; , , . ,

managing price risks in apOSt-636 world by cognpiifnér{iﬁhgphysical gas

supply contracts with financial contracts (i.e., futures, options, swaps, and
other types of forward contracts); and RN

managing the load shape of gas purchased from the producer either by
diversifying demand amongst different groups of customers, using storage or
peak-shaving facilities to manage -load shape, or by developing buyback
provisions for certain sales customers. V

- The primer highlights a huﬁgijér_ovf 1ssuesthatansem capacity plannihg,‘i‘hc,luding:

~m¢théds of screening resource options and limitations of such t~a;‘t‘1alysis;

detéiled CaPaCltyexpansmnplannmg xﬁethéds iﬂclhgiing 'itéraitine simulations
and optimization models; . =~ . . i wres :

storage resources as an alternative to pipeline supply:- functions of storage
(i.e., daily balancing, seasonal balancing, peak-day protection, and price
benefits) and maximizing efficient use of different types of storage resources;

the build vs. buy problem for an LDC; that is, a consideration of increased
reliance on third parties for various types of capacity (e.g., joint ventures for
storage resources;. firm capacity sold by brokers or marketers as part of
bundled product); and i

incorporation of potential for retail bypass into the capacity planning process.

In addition to cost considerations, gas LDCs review the reliability implications of gas
supply and capacity options. Gas. LDCs develop reliability goals over the planning
horizon and attempt to balance the need for reliable service and reasonable cost.
Historically, gas system reliability planners have depended heavily on prescriptive rules.
Gas system reliability planning will most likely evolve under IRP and in response to
ongoing industry restructuring. Increased competition will be a double-edged sword for
many LDCs. LDCs will determine the appropriate reliability standard for all LDC
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customers and, to retain load, LDCs will have to focus more on the reliability provided

to all customers, including' customers formerly satisfied with interruptible service.

However, the possibility of building additional facilities to provide reliability will be
~ limited by price competition’ from alternative fuels and bypass alternatives.

IRP processes could lead to greater use of benefit-cost studies to determine LDC-specific
reliability standards as well as inclusion of the potential reserve margin benefits of DSM
* options. In addition to rehablhty planning, gas 'LDCs can maximize the reliability of an
existing “system by developmg contingency plans. Contmgency plans include steps a
utility can quickly take to acqmre supply during periods of critical demand and detailed
curtallment plans to mlmmlze the neganve consequences of any curtailment.

Methods for Estimating Gas Avoided Costs

In IRP, it is crucial for the utlhty to develop estimates of the gas system s avoidable
costs associated with supply-side resources in order to evaluate the economic benefits of
DSM resources. Avoided supply costs‘are also uséful in initial screening of incremental
gas supply capacity contracts or capacity projects as well as cost allocation and rate
design. This primer ‘presents four methods for calculating ‘avoided gas costs: system
marginal cost, generic proxy approach targeted marginal approach and average cost
“methods.  Each method statts froma-common pomt which isa base case supply plan
that meets the projected gas demand forecast. =+«

e - System marginal cost—avoided costs are estimated by taking the difference
" “between the total change in ‘'system costs between the base case supply plan
and a supply plan that is ‘developed for a new demand forecast that includes
the effect of the DSM program Wthh is d1v1ded by the size of the decrement
ona volumetnc ba51s

e Generic proxy approach—an 'avoidable resource (or resources) is selected
from the base case supply plan, and the costs of this resource are used as the
basis for av01ded costs.

e Targeted marginal approach—supply resources are segmented by the type of

demands that they principally serve (e.g., base, temperature-sensitive, peaking
- loads), and the highest cost supply in each category is identified and its costs
allocated to the correspondmg demand 1mpact '

©_ - Average cost methods—the unit cost of all supply resources is estimated based
on a weighted : average of thelr respectlve volumetnc contnbutlon to the total
gas sendout
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Table ES-2. Issues in Estimating Gas Avoided Costs

Commodity .......... e i

Local Transmission & Distribution
(T&D) and-Customer Costs. .. ... ...

Capacity ........ |

Uncertainty in future gas
commodity costs

Impact of reduced takes on
firm contracts may be
constrained by minimum
take or gas inventory
charge (GIC) provisions

~ Short-term vs. long-term

perspective. ' .
Duration of existing firm
capacity contracts

Market demand and price
uncertainty for existing
capacity (capacity release)
Reallocation of pipeline
fixed costs

Treatment of commodity-

_ related capacity
Cinvestments
0 “Cost-allocation methods for

long-lived facility
investments

‘Frequently not avoidable by
» most DSM programs

Two key issues that arise in estimating gas avoided costs are accounting for the
uncertainty in: future gas commodity costs explicitly through sensitivity analysis and
accurately-assessing capacity-related costs that are actually avoidable by.a DSM program

(see Table ES-2),




Figure ES-3. Interrelationship of Standard DSM BenefitjCost Tests
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Economic Analysis of DSM Programs

~ The economic analysis of DSM programs or measures. relies -heavily on results of
multiple benefit-cost tests that attempt to capture program impacts from the perspective
of different affected parties (e.g., participating customers, nonparticipating ratepayers,
utility, and soc1ety) Figure ES- 3 prov1des an ovemew of these tests and emphasxzes the
relationships among them.

This primer reviews various technical issues that arise in the application of the benefit-

cost tests: appropriate discount rates, period of analysis, inclusion of effects of free

riders, analysis of programs that affect multiple fuels, and additional considerations for

interruptible and transport-only customers. Key policy issues are also discussed:

appropriate use and limitations of the benefit-cost tests in the IRP framework,

implications for PUCs of establishing a primary test and the debate over usage of the

Total Resource Cost (TRC) test vs. the Ratepayer Impact Measure (RIM) test, underlying -
assumptions of TRC vs. RIM tests regarding markets for energy efficiency and the
impact of market imperfections, and alternatives to the standard benefit-cost tests.
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Assessing Gas DSM Potential

Assessing the magnitude and cost of DSM resources is an important activity, in part
because it provides utilities with information on one of the underlying rationales for IRP:
whether or not there are significant quantities of cost-effective DSM resources that can
be captured by utility DSM programs. This primer reviews results of recent gas DSM
potential studies and provides technical information on individual gas equipment

efficiency measures and strategies that are applicable to the residential and commercial
sectors. Opportunities to improve end-use efficiency often involve multiple measures and
strategies for a broad range of end. uses. '

In the residential sector, the economic gas .savings potential ranged from 5 to 47% of
total sector sales among nine LDC case studies, with a median value of 24%. In the
commercial sector, the economic gas savings potential ranged from 8 to 23% of total
sector sales, with a median value of 15%. In interpreting the results, it is-important to
understand distinctions between technical, economic, and achievable potential:

..®  Technical Potential is an estimate of possible. energy savings based on the
assumption that existing appliances, equipment, building.shell measures, and
processes are replaced with the most efficient commercially. available units,

. Tegardless of cost, without any significant change in lifestyle or output.

- ® Economic_Potential is an estimate of the portion of technical potential that
would occur.assuming that all energy-efficient options will be adopted and all
existing equipment will be replaced ‘whenever it is cost effective to do so
based on a prespecified economic icriteria, without regard to constraints such
as market acceptance and rate impacts.

® Achievable Potential is an estimate of the energy savings that would occur if
. all cost-effective, verifiable, energy-efficient options promoted. through utility
DSM programs were adopted. Achievable potential excludes efficiency gains
that will be achieved through normal market forces and by existing or future
standards or codes. RS e

Differences in gas efficiency potential are attributable to differences in physical stock,
_initial efficiency levels, heating loads, and climate :severity among utilities .as well as
differences in study methods (comprehensiveness as indicated by measures and end uses
considered) and assumptions (e.g., criteria used to establish the cost-effectiveness
threshold). These results ‘suggest that gas DSM potential is more limited than U.S.
 electric utilities’ DSM potential; similar studies of electric utilities’ DSM potential give
estimates of between 25-50% of the applicable sector’s sales.
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This primer reviews key issues involved in designing, implementing, and evaluating gas
DSM programs. Themes that are discussed include:

e the match between end-use technologies, customer segments, and program
delivery‘ 'mechaniSms in designing DSM programs;

e strategles to mmlmlze rate 1mpacts m the de51gn of DSM programs
e *iopportumtles for Jomt electnc—gas DSM programs in certain market segments;
e innovative DSM program strategies (e.g., market transformation); and

e the importance of program evaluation. o

End—Use Fuel Substltutzon

Hrgh-efﬁcrency gas and electncal equipment can potennally substitute for one another in
many applications. Fuel substitution programs can be defined as programs that substitute
~for energy-using equipment with a competing energy source by promoting or providing
an incentive for efficiency’ 1mprovements associated with the fuel conversion. These
2 programs have been quite controversial, in part because significant tensions exist between
the natural gas and electricity sectors of the U.S. economy. The two industries compete
for residential and commercial space conditioning, water heating, cooking, and drying
- ‘equipment markets in many parts of the U.S. The competition between electric and gas
“utilities *has been, ‘and " continues to ‘be, profoundly”influenced by federal and state
regulatlon With the -advent of IRP, PUCs have encouraged more actlve interventions
" in end-use markets by utilities (pnmanly electnc utlhtres)

For regulators, a central issue is whether the efﬁcxent selecnon of fuels in certain end-use
markets by consumers can be improved upon through an IRP planning process that
explicitly considers fuel substitution opportunities; or whether current utility marketing

- practices ‘result in a better social outcome. At a minimum, controversies over fuel
substitution policies should result in PUCs reviewing their policies on promotional
practices and DSM program implementation (e.g., incentive levels to customers) to
ensure that existing utility DSM programs are not introducing undesirable distortions into

“consumers’ fuel choice decisions. The gas industry has raised concerns that electric DSM
programs have the effect 'of encouraging customers to adopt electnc technologles when
'gas optlons would be more economrcally efficient. -

| Proponents of utility-funded fuel substltutlon programs argue that DSM programs should
not be restricted to higher efficiency products using the same fuel but that utilities should
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 identify and promote (if necessary) cost-effective fuel substitution opportunities for their
customers as part of their IRP process. Opponents argue that mandatory fuel substitution
would, in effect, require one utility to subsidize sales by its competitors at the expense
of its remaining customers. ' R

- This primer explores the various pros and cons to utility fuel substitution programs and
identifies the various policy approaches that are available to state regulators. In addition,
technical opportunities for fuel substitution in the residential and commercial sector are
described, including electric-to-gas options and gas-to-electric options. In evaluating fuel-
switching opportunities, utilities should consider the relative site- and source-energy
efficiency of technologies using each fuel, the load shape impacts on each utility, relative

- gasand electric avoided costs, price volatility and uncertainty of the respective fuels, and
environmental impacts-and tradeoffs. Arguments that have béen raised by proponents
and opponents in the fuel substitution debate are reviewed,"and case studies of the
experiences of eight state PUCs are presented in order to describe alternative regulatory
approaches (Vermont, California, Georgia, Wisconsin, Oregon, Maryland, Colorado, and
New York). The primer also discusses several policy and programmatic issues that state
regulators are likely to confront if they choose to address fuel substitution policies
explicitly: economic and other evaluation criteria, cost allocation and responsibility,
customer equity issues, and treatment of unregulated fuels.

Financial Aspects of Gas DSM

Significant disincentives may exist under traditional rate regulation that dampen utility
enthusiasm for energy efficiency opportunities. These disincentives include failure to
recover DSM program costs, negative financial impact on gas utility earnings because
of reduced sales, and loss of financial opportunities because the utility may forego more
profitable supply-side investments. The primer discusses various strategies that address
the financial impacts of gas DSM on utility earnings:

© DSM program cost recovery including timing issues (e.g., general rate cases
versus frequent proceedings or deferred accounts) and expensing versus
ratebasing;

° net lost revenue adjustment mechanisms, which allow the utility to recover
margin lost from customers due to specific DSM programs;

° revenue decoupling mechanisms, which make utilities financially indifferent
to short-term changes in sales and essentially guarantee that utilities will
recover their authorized nonfuel revenues regardless of sales fluctuations; and



< various types of positive financial incentives for utility shareholders: an
mcenuve rate-of—retum a bounty paid based on specific accomphshments or
shared savmgs in which the utility keeps a fracuon 5- 30%) ‘of the net
resource value provided by the DSM program

Various methods to allocate DSM program costs are also examined because many gas
consumers are pnce-sensmve and competmve 1mpacts can affect LDC proﬁtablhty

ConCIUSlon |
- Although thls aner is ot l“tended to resolve maJOr regulatory pOhcy 1ssues, it should

..contribute to- the discussion and development of planning. methods that have broad
acceptance among regulators and | gas utilities. s



Chapter 1
i v )

Introduction -

Consensus is growing among federal and state policymakers that natural gas will play a
more prominent role in the U.S. energy future. Natural gas is an abundant domestic
resource; it can be produced and delivered at prices that appear to be competitive with
alternatives whose environmental 1mpacts are often less favorable. Estimates of the
recoverable gas resource base continue to increase as a result of technological innovations
and production experience. A recent study by the National Petroleum Council (1992)
estimated that about 600 trillion cubic feet (Tcf) of g gas is recoverable at wellhead prices
of $2.50/MMBuu ($1990) or less with advanced technology (see Table 1-1).' This
represents about 30 years’ worth of consumption at current levels. Moreover, the existing
transmission and storage system (280,000 miles of gas transmission pipeline and about
8 Tcf of storage capacity) is more than adequate to meet existing firm requirements on
an annual and peak-day basis and is sufficient to allow for growth in gas demand in
certain regions (see Figure 1-1). The markets for gas are quite diverse: residential
customers use gas equipment to provide energy services such as space and water heating,
cooking, and drying with gas bills of $500-1000/year; large industrial users or gas-fired
power plants consume gas worth tens of millions of dollars per year. The gas industry
faces stiff competition in many of these markets from 'electn'city and unregulated,

alternative fuels. Thus, the potential for natural .gas hinges in part on industry and
federal and state regulators helping to ensure that gas is used efficiently and that barriers

to its efficient use are removed (National Petroleum Councxl 1992).

Table 1-1. Recoverable Resource Base for the Lo;wer-48 States

: Recoverable Resource Base Trillion
/ e Cublc Feet (Tcf)
1$1990) , Technology Technology'
Unspecified ................... « 1,065 1,285
$3.50/MMBTU . ... ............. -7 600 825
$2.50/MMBTU . ....... .. ... v . 400 600
Source: Nationsl Patroleum Council 1992 ’

' In 1992, annual U S. gas usage was 19.8 trillion cubxc feet (T cf) and the estimated average wellhead
“price was $1.84 per thousand cubic feet. One important caution: _the National Petroleum Council (NPC) study
also concluded that a 19 Tcf gas supply level could be maintained until 2010 if average wellhead prices were
~$2.50 per million Btu (MMBtu) ($1990), but would decrease to about 10-11 Tcf if wellhead pnces only
averaged $1. 50/MMBtu ($1990). This unplles that ‘gas commodity prices would have to increase at 1.8%/year
in real terms, compared to estimated 1992 wellbead prices.
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Figure 1-1. U.S. Gas Transmission and Storage System: Peak-Day and
Annual Capability (1991)
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The Energy Policy Act of 1992 (EPACT) includes various provisions that encourage
energy efficiency and also promote reliance on competitive forces. EPACT amends the
Public Utility Regulatory Policies Act (PURPA) of 1978 by adding two new standards
for consideration by state PUCs: (1) use of integrated resource planmng by gas local
distribution companies (LDCs) and (2) encouragement of i mvestments in energy efficiency
 and load-shifting measures by ensuring that these investments are at least as. profitable
. (taking into. account the income lost.-from reduced sales under such programs) as prudent
'fsupply-srde mvestments Each state:commission is required to provrde public notice,
~_conduct a heanng on. the. appropnateness of these new standards and make a

, determmatlon about whether or not to adopt each standard by October 23 1994.2

Developments in gas wellhead markets and changes i 1n regulatory polrcy at the Federal
Energy Regulatory Comrmssron (FERC) have also created new . challenges and
opportunities for gas LDCs and their state regulators State regulators, who oversee a
distribution segment that still has features of a natural monopoly, have to respond to and
manage the competitive forces that have resulted from gas industry restructurmg
Increased reliance on market forces does not necessarily mean that state regulation is
- outmoded but rather that flexibility and forward-looking planning - ‘processes become
_mcreasrngly important.as the number and type of utllrty supply choices increase.

A number of state pubhc utrlrty comrmssrons (PUCs) have taken an rnterest in integrated
resource plannmg (IRP) for gas utilities. IRP rnvolves a process used by utilities to
assess a comprehensive set of supply- : and demand-side optrons based upon consistent

~ planning assumptions in order to create a resource.mix. that rehably satisfies customers’
short-term and long-term energy service needs at the lowest total cost.> Gas IRP is in its
.. formative stages, and a variety of regulatory approaches are being considered and tested
by state PUCs However, a survey -of regulatory staff conducted for the National
Association of Utlhty Commissioners (NARUC) revealed that lrmrted information and
lack of consensus on various IRP-related technical and policy issues has hindered
- progress (Goldman and Hopkins 1991). NARUC concluded that additional analysis of
 selected issues would be useful, particularly if it drew on. the initial experiences of PUCs

and gas utilities that have implemented gas IRP.

? A more detailed discussion of relevant EPACT provisions for state PUCs can be found in NRRI (1993).

? For those readers who want additional information on issues associated with developing IRP for electric
utilities, refer to Krause and Eto (1988), Hirst et al. (1991), and Hirst (1992b).

3



1.1

Overview of kthetGas IRP Primer

NARUC asked Lawrence Berkeley Laboratory (LBL) to develop a primer on gas

integrated resource planning. Our primary focus is on technical and analytical issues that

gas LDCs and state regulators are hkely to confront in attempting to achieve IRP goals

‘and objectwes “The intent of this primer is to introduce commissioners and- regulatory

and:gas' LDC staff to the full scope of IRP-related topics by highlighting major issues,

synthesizing available information, and identifying additional sources for those who want
more information. Because gas IRP is a relatrvely new phenomenon and there is a range
of ideas about practices and policies, many issues in this primer are presented through

‘discussions of alternative approaches and their 1mp11canons Many issues- such as fuel
“substitution’ and financial aspects of gas demand-srde management (DSM) are quite
i ‘controversral from a pohcy standpomt ‘ ‘

t . Chapters 2—9 of thrs pnmer dlSCUSS the followmg toplcs

e o Chaptet 2 reviews recent developments in the-gas industry and their implications

* for'gas LDCs and state’ ‘tegulators. The chapter also examines similarities and

differences between the electric and gas utility industries in order to provide a

~‘context for- understandmg the challenges involved in creatwely adapting IRP to

~ the conditions ‘faced by gas utilities. Principal goals and objectives of IRP are

- identified ‘and theé " beneﬁts and potentral drawbacks of gas IRP regulatory
processes are dlscussed

e ‘-;Chapter 3 descnbes the major analytrc steps in’ developmg a gas mtegrated

" "resource plan and provrdes an overvrew of current IRP models and modelmg

e 'fChapter 4 Teviews gas supply and capacrty planning and focuses on issues that

" assume increased importance for LDCs in' an IRP cortext (e.} g ‘s rehablhty
planning criteria) and/or increased prominénce in the post-636 era.

° Chapter 5 describes various methods used by gas utilities to estimate gas avoided
costs and analyzes the strengths and weaknesses of alternative approaches. The
technical nuances and key uncertainties presented in this chapter related to
-estimating gas avoided costs are designed to help regulatory and utility staff in
their assessments of the potential economic benefits of various types of gas DSM
programs.



Chapter 6 discusses the various economic perspectives from which gas DSM
resources can be evaluated and examines issues that arise in the application of
benefit-cost tests for gas LDCs.

Chapter 7 examines the technical opportunities of selected gas efficiency and fuel
substitution options and strategies and discusses how utilities can package these
measures to acquire DSM resources. The goals of this chapter are to convey the
relative magnitudes and economics of the technical opportunities for the efficient
use of gas as well as insights gained from the experiences of leading gas and
electric utilities on effective ways to market and implement DSM options.

Chapter 8 reviews policy issues involved with end-use fuel substitution and
discusses various regulatory approaches.

Chapter 9 discusses financial aspects of gas DSM programs, including program
cost recovery and allocation methods; mechanisms such as decoupling or lost
revenue adjustments, which can be used to overcome disincentives to utility DSM
investments; and various bonus or incentive mechanisms.






Chapter 2
- O

2.1

Gas Resource Planning:
Need for IRP

Overview

This chapter reviews the impact of structural changes in the U.S. natural gas mdustry on
resource planning activities of local distribution companies (LDCs), summarizes recent

‘policy initiatives at the Federal Energy Regulatory Commission (FERC), and discusses

their implications for LDCs and state regulators. We examine similarities and differences
between -the electric and gas utility industries in order to identify areas where gas
integrated resource planning (IRP) processes may have to be tailored to the conditions
faced by gas LDCs. We articulate the goals and objectives of integrated resource

~planning and- highlight the potential benefits and drawbacks of gas IRP regulatory

processes based on the views of those that support and oppose gas IRP as well as the

e initial -experiences of several states. A primary objective of this chapter is to provide a

22

context for the remaining chapters’ in-depth discussion of technical and analytical issues
that arise in gas resource planning.

Gas Industry Restructuring

~ During the past 15 years, the gas industry has been transformed; regulated pipelines used

to resell wellhead price-controlled supplies of natural gas, but now gas supply prices are

determined by the market and-interstate pipelines mainly transport gas that is owned by

third parties. The changes resulted from the dynamic interplay between evolving market
forces and actions. of the Federal Energy Regulatory Commission (Harunuzzaman et al.
1991). Gas price deregulation, open access, and comprehensive unbundling are the
cornerstone- of -federal policy initiatives that are designed to substitute market forces for
more direct forms of regulation where market power is diffuse and to focus on efficient
regulation where market power is concentrated (O’Neill et al. 1992).

Decontrol of wellhead prices began with the passage of the Natural Gas Policy Act of
1978 and was completed in 1993. Buyers who wanted to shop around effectively needed
flexible access to long-distance and local transportatlon alternatives so that gas delivery
could be arranged from decontrolled upstream supply options. This need led to the
separation of transport service from commodity sales. The unbundling of pipeline
transportation by FERC began in earnest with Special Marketing Programs and has
evolved in successive FERC Orders (i.e., 436, 500, and 636) in response to legal
decisions and concerns raised by various parties (see Appendix A for a summary of

-~ FERC Orders and related legal decisions). Although the transition to a more competitive
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Figure 2-1. Evolution of Gas Marketing
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2.2.1

industry has been difficult and pamful for mdustry participants (e g., take-or-pay
problems), these regulatory reforms have contributed significantly to lower gas costs and
innovative and expanded gas service choices (Makholm 1993). Industry restructuring has
resulted in mgmﬁcant changes in gas marketmg with the entry of gas marketers/brokers
and producers selling gas directly to end users via spot markets and various contractual
arrangements (see Figure 2-1).- By 1991, nearly 80% of all gas was sold under
transportation arrangements rather than as bundled pipeline sales.

FERC Order 636

Order 636 is the latest gas mdustry restructunng effort by the FERC; it focused on
several broad i issues (see Table 2-1): pipeline gas merchant services; access to available
transportatwn and storage capacity; transportation terms, conditions, and services; and
ratemaking issues. (see Gaske 1993 for an excellent summary of FERC 636 and its
implications). “Interstate gas plpelmes ‘have traditionally combined merchant and
transportation functions in linking upstream gas producers with downstream markets.
This bundling of services resulted in part from the conditions associated with licensing
and financing pipeline constriiction.! However, various parties (e.g., producers and
marketers) - made convmcmg ‘arguments that pipeline gas often received priority
transportation service and that third partres could not, under the existing arrangements,

‘compete on an equal basis with plpelme merchant services. Order 636 required pipelines
to completely unbundle merchant and transportation services, which meant that a pipeline

company’s firm sales customers were converted into firm transportation customers and
are now responsible for making their own gas purchases. In effect, the firm'sales service
agreement served as a contractual backstop for LDCs and other pipeline customers in the
event of a shortfall in supplies. With the elimination of the traditional bundled sales
service, all gas must be aggregated, managed, and transported separately This is likely
to lead to.a situation.in which the responsibility:for assuring supply reliability will be
dispersed among multiple entities (LDCs interstate plpehnes, and gas merchants) (CERA
1992). r -

Order 636 also includes a capacity release mechanism, which allows a holder of pipeline
capacity to sell or assign unused capacity through a transaction controlled by the pipeline.
Parties that place the highest value on firm capacity will have an opportunity to obtain
that capacity through a bidding process. Pipelines are also required to offer a “no-

! Both regulators and lenders wanted assurances that pipelines would have sufficient supplies and demand so
that gas throughput was adequate to assure that major capital investments were economic. Long-term gas -
contracts with suppliers and long-term sales contracts with LDCs were the means to provide these assurances.
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~Table 2-1. Major Provisions of Order 636

Unbundling of pipeline services ‘ ° Effectively mandates that interstate pipelines seperate the
: ) . “buyihg end sslling-of ges from the transport of gas
S e Plpelmes ‘are also raquired to provide customers with open
' . access to storage end offer these semces separatelv from
“gll-othér services ’

“Open access” © Pipeline companies must provide “open access”
‘ transportation that is equal in quality for all gas supplies,
whether purchased from the pipeline or not -~

“No-notice” service ° Pipelines currently offering bundled city-gate firm sales
U service must provide a quick response, backup
trensponanon Bervice for the benefit of competing shlppers
"(l (-} edvence notu:e by the shtpper i8 not requured)

~ Cepacity release - e Authonzes a reallocanon mechamsm s0 that f em shcppers
‘ . A T " ‘can release unwanted capacity to those wanting it by -
- holding:an suction, with results turned over to the pipeline to
be posted on an elecuomc bulleun board .

--Rate degign- .~ .. ; e ;Requesa stmqht-ﬁxed variable” rate design (see Fgure 2-
o ' o 2), unleae other agreements are negouated wnth the
- ““customers’ ’ -
;9! Pipelines are:required to use various raxemakmg techmques
%0, manaate “signifi icant” changes in revenue responsibility to
o eny cuntomer class’
;.6 ‘Pipeling: companies. must phase in‘rate increases over a four-
.- i-year pariod if revenue responsibility changes exceed 10% for
.. eny customer cless

.- Transitionicosts " | . g 1 ellnen are. qwen the opportunity to. 18COVer - 100% of -
- ' S o ’ f‘tre smon costs” created bv new rules (e. g stfended
“rinvestment costs) - S E

Souvcet EIA 1993c, C-mbndge Enetqy Rmud\ Anoeu n 1992

notice” service, Wthh is FERC’s attempt to assure maximum rellablhty in a deregulated
market 2

?‘In'tennsof ratemaking issues, Order 636 also requires that all fixed costs associated with
pipeline transportation service be recovered in a capacity reservation fee rather than the
current modified fixed variable system, which allocates certain fixed costs to the

% “No-notice” service is technically categorized as firm transportation service but essentially includes a
provision of gas supply under emergency circumstances to meet firm peak loads.
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Figure 2-2. Pipeline Rate Design Changes
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volumetrié A_cha\rge (see Fighre 2-2).3 Prior to Order 636, FERC maintained that it was
important for pipelines to be “at risk™ for recovery of a portion of their fixed costs in

3 The reservation fee is charged to pipeline transportation customers on a mohthly basis to reserve daily
capacity, based on their requirements during peak periods.
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2.3

2.3.1

order to provide a cost minimization incentive, whlch resulted in the Modified Fixed
Variable rate design. FERC’s reasons for switching t0 a “straight-fixed variable” (SFV)
rate design include: having plpehnes compete on costs they can control (i.e., variable
costs), promoting competition at the wellhead, facxhtatmg creation of a natlonal gas
market, and creating a level playing field between U.S. and Canadian producers. The
cost impacts of the shift to SFV rate design are likely to vary widely for individual
customers depending on their load factor. A recent study conducted by the Energy
Information Administration (EIA 1993c) concluded that:

...absent other changes in the ratemakmg process (e 2., mmgatlon stmtegxes), the cost shift
assoclated with moving from modified fixed variable to straight-fixed variable may be very large
for low load factor customers, i.e.; local dlstnbutmn companies with residential and small
commercial customers that have tempemture-sensxtxve loads.® '

Compared to modified fixed vanable rates: that prevalled before 1990, increases in
transportation rates with SFV ranged between 40-60% for customers of a “composite”
pipeline ‘that had a 35% lodd factor (EIA 1993c). A longer term effect of the shift to

‘SFV should be increased investment in gas storage or other peaking facilities. FERC’s
new rate design may also lead to seasonal trades (via the release program) of capacity

between on-peak and off-peak customers. Any rate design represents a balance between

efficiency and equity objectives. Thus, it is likely that FERC’s current approach to rate

demgn wﬂl contmue to evolve as regulatory policy objectives and market realities change.

Implications of GasIndustry Restructuring

Industry res&ucturing has sxgmﬁcant implications for gas LDCs and state regulators
because of:profound changes in: the business environment of LDCs.

Implications for LDCs

In the past plpelmes and LDCs operated thelr systems together on the principle of city-
gate service that bundled commodlty with transportation services. An interstate
pipelines’ sales service insured ‘adequate supply ‘and capacity were available to deliver
promised quantities of gas in a timely fashion, and distribution of gas was a main role
of LDCs. In the post-636 era, these two mdustry segments must operate their systems

* EIA developed a composlte pxpehne based on six large mterstate plpehne compames serving the East

Coast.
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together under different principles. Securing natural gas and the capacity to deliver it has
become the principle mission of LDCs. With complete unbundling, LDCs have become
active managers of their own gas supply portfolios, choosing among different suppliers
and developing the proper mix of short- and long-term contracts. LDCs now face an
_expanded array of options for securing gas supplies and transportation as well as
increased competition from alternative fuels and “bypass” of the.LDC by its customers

that can connect directly to an interstate pipeline.

In the post-636 era, the most basic strategic choice that an LDC must decide is whether
to: ‘ ‘

o develop l lts own gassupply portfélio, , whlch will invol've_g aggregating,

. Seasonally shaping, and firming through direct purchases at upstream market

_centers; and bundle these supplies with firm transmission and storage rights,
o BREoRaC st : L

e contractoutportfohoaggreganon and rebundling functions to other parties
_ (e.g., producers, pipeline affiliates, or independent marketers) that offer a
firm, seasonally shaped supply at the utility’s city gate (Tussing 1993).

These alternatives represent the extremes of possible approaches, and in practice many

_ intermediate paths will most likely evolve. Regardless of the approach that LDCs take
to managing their increased supply responsibilities in the post-636 era, they face an
increased possibility that their actions will be reviewed by state regulators.’ Thus, an
LDC’s strategic choices will be strongly influenced by state PUC preferences, especially
the rules and guidelines adopted to monitor gas costs and service reliability.

The move to SFV rates and the resulting higher reservation fees for peak-day capacity
will also encourage LDCs to closely examine and rationalize their capacity holdings and
look for alternative and more inexpensive ways to obtain the same level of service.
Various peak-shaving DSM alternatives are likely to be more attractive under SEV rate
design.

s FERC does not plan to apprové the pnce of commodity gas sold by pipelines restructured by Order 636.
Thus, more responsibility is placed at the state level for oversight of reliability.

13



2.3.2 Implications for PUCs

Hrstoncally, in regulating gas LDCs, many state PUCs have focused on safety,
reliability, and prices offered for natural gas services. However, the new supply
management responsrbxlmes of gas LDCs may createa need for broadened regulatory

~ oversight of the way LDCs purchase gas supply. Current procedures typically used to

~ monitor gas supply costs and reliability (e.g., purchased gas adjustments prudence
reviews, least-cost purchasing requirements, and occasional management audits) may
have to be adapted to respond to the changes m mdustry structure and gas supply
markets.

PUCs will also have to decide the extent to which they want to extend FERC policies and
- goals for pipelines to the regulat:lon of gas LDCs Thls will involve decisions about the
degree to which LDCs and intrastate pipeline services ‘should be unbundled, the benefits
“of and need for franchise protectlon for LDC services to certain market segments, and
alternatives to traditional service obligations (National Petroleum Council 1992). Ata
minimum, state commissions and gas LDCs will continue trends which distinguish among
services offered extent of régulation, and’ 1mphed obhgatron to serve among captive core
_customers vs. large-volume noncore customers. PUCs have a continuing responsibility,
however, to insure that core customers, with limited markét power, are provrded reliable
service at reasonable rates and that deregulated activities are conducted at arm’s length
~from a utility’s’ regulated business in’ order ‘to minimize opportunities for cross-
* subsidization and self-dealing. Regulatlon of the’ gas dlstnbutmn sector w111 be required
as long as uncontestable natural monopoly condmons ex1st 5

¢ “Natural monopoly” arises in an unregulated market when a single firm dominates the market by virtue of
economies of large scale (size) or wide scope (across functions or products), which give that firm a cost
advantage over any combination of multiple, smaller firms. For a gas LDC, “patural monopoly” conditions
exist if its system is capable of carrying incremental volumes to or from a given point at a substantially lower
expense than any “stand-alone” or “bypass™ facility. Even where monopoly conditions exist, firms can exert
market power only if the market is “uncontestable,” which means that new entrants can’t credibly threaten to
enter on an efficient scale (Jaffe and Kalt 1993). R

14



2.4

Table 2-2. Differénces B‘eytwéen, Gas and Eleétric Utility,lndustries ‘

industry Structure e Vertically-integrated, e Separate firms handle
and Organization except for new " production,
generation * Transmission &
i “Distribution (T&D)
e. .Prominence of
. storage

° _' 1-10yrs
e Less information on
DSM savings and

Planmng Practices i e
and Resources o

" costs
L : R s !
End-Use Market o Electricity is an ° ,AGas service is
Characteristics , _essential service _optional _
.o More difficult to fuel ° Core and noncore
switch ‘ markets
Avoided Supply Costs ~ ® Higher then gas 2. - Methods still evolving
" when adjusted for . :
" squivalent ‘energy
o serwces provided
o Methods reasonably
o ‘well developed : :
Access to Retail Utility ~@ '.f».;Vurtually umversal ~e Need for review of
-Service- T Y line extension policies
' .. and tariffs

Slmllarmes and Differences Between Gas and Electric Utility Industries

Slmxlantles and dlfferences between the- gas and electnc uuhty industries must also be

considered by state PUCs in developing regulatory policies and expectations for gas
utilities. Table 2-2 highlights differences in five major areas: industry structure and

operation, planning practices and resources, end-use ‘market characteristics, avoided

supply costs, and access to retail utility service.
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'Figure 2-3. Contract Demand, Peak-Day Storage
2.4.1 Industry Structure and Deliverability and Pipeline Capacity by Region
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typically produced,
-w-transported, and
distributed by three
unaffiliated companies G e
while most electric power 1s still generated transmitted, and distributed by a single entity
(O’Neill et al. 1992). Thee emergence of mdependent power producers and the provisions
of the Energy Policy Act (e.g., creation of Exempt Wholesale Generators, transmission
~access) will lessen this distinction between the two industries in the future: The electric
~industry“is likely to remain integrated for the near-term, although market forces and
federal legislation and regulation of the wholesale electricity market pose increasing
challenges to the vertically integrated electric utility.

Each industry has three major segments: production/generation, transmission, and
distribution. Transmission and distribution (T&D) systems in both industries are
characterized by substantial economies of scale and of coordination. In the distribution
segment, the economies are so great that it is almost always considered a natural
monopoly. The availability and use of storage differ significantly between the two
industries. Storage plays a much more prominent role in the natural gas industry, often
providing an attractive alternative to pipeline capacity (see Figure 2-3). Gas can be
stored rather easily' in both gaseous and-liquid states as line pack, in underground
caverns, in depleted oil and gas reservoirs, and in liquified natural gas (LNG) plants.
In the U.S., gas storage meets about 30% of U.S. peak-day demands while storage is too
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expensive for general use by an electric utility (EIA 1993c). For IRP, widespread
~ availability of gas storage on a daily and seasonal basis has important impacts on the
analysis of gas system marginal costs.

leferences in the degree of i 1ntegratron of the transmission and dlstnbutmn networks of

utilities in the two mdustrres .also affect rehabrhty plannmg Although gas systems are
interconnected through plpehne systems, LDCs are often not extensively interconnected
with other LDCs and thus each tends to plan for its own reliability. Electric utilities are

interconnected with other systems through a grid and utilize this extensive transmission

and distribution network to meet their loads in cases of emergencies. Reliability planning

is typically done on a regional basis as individual electric utilities pool their
_requirements. L

There is also a substantlal rmsmatch between the time. constants that govem operatton of
electric power systems. and gas pipeline delivery system. These differences derive from
_the, fundamental fact that electricity moves at almost the speed of light. while gas is
pumped through pxpehnes at about -15-20. mrles per. hour -The combination of shorter
time to react to. changmg condmons lack of storage, and constraints on system flow
controls. has nmeant that historically the electric grid was more automated and closely
momtored (O Nelll et al 1992).. Because of the.concern over pubhc health safety, and
economic consequences of, system. gas. service bemg mterrupted -during severe cold
weather _gas operators have historically placed the highest. priority on system reliability
for residential and commercral customers who do not have short-term alternatives.
Planned gas outages _are possxble in .many gas systems for some individual large
customers because these customers typtcally have ready access to substitute fuels, and
gas utilities have a long tradition of using mterrupuble contracts to alleviate peak—penod
. demands (Samsa and Hederman 1992) ; R

Regronal dlfferences m resource endowments are lmportant in both 1ndustnes but are
particularly stnkmg in the gas industry as exemphﬁed by drstmcttons between producing
and consuming states. .Most-natural gas. is produced in _]USt five states and most gas
transactions include long-haul interstate transmission.” In contrast, most electric
generation is sited relatively closer to load centers, and mos* of the electric grid was
originally built to connect major markets for better reliability and short-term coordination
trades (O’Neill et al. 1992).

7 The major producing states are Texas, Louisiana, Oklahoma, New Mexico, and Kansas.
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2.4.2 Planning Practices and Resources

The focus of electric utility investment decisions and regulatory oversight has been on
large capital projects to build new generation or transmission facilities. Historically,
electric utility planners are accustomed to long-range planning for 10 to 30 year period
‘because of the long lead times required to construct baseload power plants and the time
‘horizon over which alternative resource options must be compared In contrast, for most
gas LDCs, fuel supply’ procurement and distribution systern expansion rather than facility
planning has been the major focus (I.erner and Pressens 1992 Samsa and Hederman
1992) ' ' , -

"Gas supply planners must now evaluatean expandmg array of supply options, and this
trend is likely to accelerate in the post-636 era. However, the scale, capital requirements,
and lead times for decisions on new gas facilities are often qulte different than those

“involved in electric resource planning. For gas utilities whose major capital expenditures
are related to local transmission and' distribution investments, the - share of bulk

- transmission and storage -investments is small relative to 1nvestments ‘in ‘generation

‘capacity and transmission in ‘the electnc industry.  Lead times “4re short ‘(one to three

“years) for these gas: system mvestments In today s gas siipply market, three to five
years is considered long term’ for a gas utlhty resource planner Moreover ‘contracts of
varying lengths expire at different times, so fuel supply procurement takes‘ place almost
continuously. Contracts and/or investments for capacity (e. a‘cqulsmon ‘of pipeline
‘capacity, storage, and/or peaking service capacrty) often entail longer time frames (e.g.,
10 years). ‘In contrast to the electric mdustry, among the resources being evaluated by

- agas ut111ty in an IRP plan gas efﬁcrency programs may reqmre the longest lead and
resource development time.® oo

At the present time, many gas LDCs have less detalled mformatmn than electnc utilities
do about the characteristics and performance of customers’ equipment, appliance

saturations, and end-use consumption. ‘LDCs also have more limited mformatlon on the
“actual costs and savings of DSM resources in’ contrast to electric ‘utilities. These issues
affect the time frame in Wthh gas LDCs can be expected to desrgn and 1mplement large-
,scale DSM programs. -~ -

* Some DSM options have economic lifetimes of 10 to 20 years (e.g., high efficiency furnaces). Planning
horizons may be extended to match the life cycle of DSM applications with supply-side opportunities. Because
of uncertainties in future gas commodity prices, sensitivity analysis using alternate gas pnce escalatlon rates
should be conducted.



2.4.3 End-Use Market Sﬁ'uctute'and Charactérisﬁcs

End-use retail markets in the natural gas and electricity industries are typically segmented
along similar lines (i.e., residential, commercial, and industrial users). Product
differentiation is increasing in both industries and currently involves distinctions based
on reliability of ,scrwce (firm vs. interruptible), usage during various seasons, and time
of day (for ele ty).> There is a general consensus that demand is relatively inelastic
for most residential and commercial customers while industrial customers typically have
elastic demands. Residential customers in both industries have limited options for
substitution in response. to short-term price hikes while large industrial customers have
more choices.

There are also some important differences in the characteristics of end-use retail markets
of electric and gas utilities. First, electric service is a neCessity for some end uses and
applications, while gas service is typically optional and gas is used for its inherent
thermal and chemical properties. Second, the extent of competition in gas end-use
markets is more intense than in electric end-use marke because for virtually every use
of natural gas, there it the form of direct fuel
substltunon or'an ‘

ative energy form.

In both the natura.l gas fd electric utility mdustnes prices paid by different types of
customers and cost components differ widely. For gas utilities, these differences are
quite striking and are attributable pnncxpally to variations in costs of serving different
customer classes as well as differences in service quality among classes (see Figure 2-

4).'° There are several important implications for gas utilities: (1) because wellhead
prices account for less than 40% of the total’ pnce paid by residential and commercial
customers, changes in wellhead prices have relatively less impact on end-use prices in
these sectors, (2) lndustnal and electnc utlhty customers are much more sernsitive to
changes in wellhead prices and can alter their gas demand patterns quickly because it is
often relatively easy to switch to alternate fuels, and (3) avoided gas costs may often be
less than retail rates because fixed costs are lu h for residential and customer gas
“customers and’ because local distribution and cu omer-related costs are typically not
avoidable.

® Ultimately, utilities in both industries may end up providing bundled service to small customers and
unbundled service for large customers with competitive alternatives.

' In Figure 2-4, “wellhead price” is the commodnty cost of gas; “transportation tariffs” tepresent costs paid
by the LDC to interstate pipelines from producmg area to city gate; and “LDC markup” is the amount charged
by the utility to cover distribution, storage, and other customer-related expenses which recover costs of
providing end-user service. Note that onsystem industrial sales account for only about 33% of total gas
throughput in the industrial sector; offsystem sales have become predominant (EIA 1993c).
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Figure 2-4. Components of End-Use Prices by Sector (1991)
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2.4.4 Avoided Costs

Avoided electricity costs often tend to be higher than gas avoided costs when adjusted
for equivalent energy service provided. However, it is not that easy to directly compare
avoided electric and gas costs because of differences in costing methods and conventions,
- end-use conversion efficiencies, and operational characteristics of electric and gas utilities
(Samsa and Hederman 1992). Despite that caveat, avoided gas costs that are lower than
avoided electric costs for DSM suggest that: (1) it will be relatively more difficult for
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2.4.5

2.5

gas energy efficiency programs to pass cost-effectiveness tests compared to electric DSM

- programs, and (2) all else bemg equal, net DSM program benefits xmght be smaller

(Lemer and Piessens 1992)

Access to Retail Utility Service

- Electric utility retailﬁfs‘ervice is more widely available in the U.S. than gas service. The

gas industry’s access to some end-use markets is hampered somewhat because gas service
is not universally available. In addition, some PUCs do not have umform line extension
policies for electric and gas retail service. Several PUCs are in the midst of reviewing
their policies and tariffs for gas line extensions and are examining such questions as
comparablhty of treatment among electric and gas utilities and the extent to which growth
is in the interests of existing gas ratepayers.'!

Alternative Regulatoiry Approaches

- Many PUCs and gas LDCs are rethinking the role of state regulation in hght of the

massive structural changes occurring in the gas industry (see Public Service Commission
of Wisconsin (PSCW), 1993). In this section, we describe briefly a range of generic
approaches -as background to a more detailed discussion of the potential benefits and
drawbacks of integrated resource planning regulatory processes. Table 2-3 summarizes

-alternative regulatory. approaches and hlghhghts the regulatory forums,and .elements

which would be involved in overseeing the various activities of gas LDCs (e.g., gas
supply oversight, treatment of capacity and facility investments, and role of DSM).

Option A represents the status quo in the majority of states. Regulatory processes
include periodic rate cases in which rates are set, purchased gas adjustment (PGA)
proceedings for review and recovery of gas supply costs, and certificate of public
convenience and necessity (CPCN) proceedings to approve any gas LDC’s application
for major facility investments. PUCs rely primarily on retrospective, after-the-fact
prudence reviews of gas LDC purchase decisions although several state PUCs require
utilities to file gas supply plans in advance of purchases.'? DSM options, to the extent

- Some PUCs use a “net-bénefits to existing ratepayer” test to determine whether line extensions and other
growth strategies should be allowed. This test demonstrates whether the gas utility could provide the same level
of energy service to existing ratepayers at the. same or lower cost while adopting the growth strategy.

2 A 1991 NARUC survey (Goldman and Hokpins 1991) found that 39 states conduct prudence reviews of
gas purchases, of which 15 states review purchases annually or on 2 contract by contract basis. Six PUCs
(Alabama, California, Massachusetts, Nevada, Oregon, and Rhode Island) also require gas LDCs to file gas
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Table 2-3. Alternative Regulatory Approaches

Option A
(Status Quo) . ......c. ..., ° Rate case
® PGA proceedmgs or gas supply
plan review
e CPCN for large ratebased. facilities
,’Optlon B . L
(Long-Range DSM Planmng) ......... Loe Rate case and PGA
‘e : Long range DSM plan -
Option C~ , 3
(IRPRules) .................. e e, - "Rate case
PGA (decisional prudence only)
Utility develops IRP plan; PUC
A review
e . Review of ‘supply portfolio mix
;. .Option D : R B
,."’(IRP Rules/PUC Approval) ............ o 'M'Rate case
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There is significant disagreement about the degree to which the status quo regulatory
~ approach is appropriate in light of gas industry restructuring. Critics argue that
traditional regulatory review processes may be too cumbersome, tend to create regulatory
risk without necessarily protecting ratepayer interests, and create incentives for utilities
“to minimize short-run costs rather than lookmg at long-run cost rmmmrzanon rate
stability, and reliability (Heintz 1993; Jensen 1993).

In order to encourage LDCs to consider demand-srde options more systematlcally as

~ strategies, a number of PUCs have requrred their gas LDCs to file long-range DSM or

conservation plans.”® These plans typically include short-term DSM program

implementation activities as well (Option B). One rationale for this approach is that

~ PUCs want to encourage gas LDCs to adopt some basic objectives of integrated resource

- planning. These goals include consideration of both supply- and demand-srde options,

and establishing criteria for evaluating : the economics of gas . DSM optrons Thrs approach

attempts to develop some of the “building blocks” of IRP without requiring gas LDCs

to file formal integrated resource plans which would involve detailed analysis of existing

and proposed supply-srde optrons In several cases, PUCs that reqmre long-range DSM

- plans are also consrdenng major changes in regulatory oversrght of LDC gas purchasing,
but are using separate regulatory forums. from those used for DSM

Several PUCs have estabhshed rules requmng gas LDCs to. ﬁle mtegrated resource plans
in addition to. meetmg requrrements of existing regulatory procwdmgs IRP requrrements
and procedures vary sxgnlficantly among states, and regulatory treatment of a utility’s
filed plan is a critical difference. Some PUCs revrew but do not approve a utility’s IRP
plan; we call this approach Option C. The review process typically involves hearings or
. workshops intended to solicit comments from interested parties and regulatory staff on
~ key elements of the utility’s plan (e. g., the utlhty s supply and capacrty portfolio, the mix
of supply- and demand-side resources). The PUC might then comment on the utility’s
plan, offering suggestions for modification, but would not approve | the utlhty s IRP plan.

) A_“,As an alternative procedure a PUC could formally approve an mtegrated resource plan
~ for a gas LDC after public hearings, which might result in modifications to the utility’s .
ongmal plan. (Option D). Under Option D, ‘the PUC’s review of gas supply planning
issues might include preapproval of an LDCs supply portfoho mix. For example, Jaffe
‘and Kalt ( 1993) have suggested that gas utilities propose preferred portfolio strategies for
~ gas procurement as part of an IRP process. Based on the evidence presented by the
-~ utility and the PUC’s policy goals, the commrssron would determine and, in effect,
~ preapprove the general composition. of the utility’s acquisition portfolio (i.e., the relative

3 A gas DSM plan would include all load shape objectives while a conservation plan would be limited to
strategic conservation and possibly peak clipping load shape objectives.
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mix of long-term and short-term contracts). Utilities would then use competitive bidding

~ processes to acquire resources in their portfolio categories. The effectiveness of these

~efforts would be subject to regulatory review, but purchasing practices consistent with
the approved portfolio would be presumed reasonable (Jaffe and Kalt 1993). Like Option
C, Option D would include audits of purchase practices and monitoring of results as well

" as approval of exceptions to plans. In both Options C and D, LDCs and regulators share

varying degrees of responsibility for the consequences of major resource decisions.
Compared to other approaches, a PUC-approved plan (Option D) minimizes the risks of
_ cost recovery and the likelihood of a prudence review for the LDC but requires a high
level of proactive regulatory involvement (see Section 4.2.4 for a more detailed
discussion). ‘ ‘ '

Various incentive regulation approaches (Option E) have also been proposed (see

- Harunuzzaman et al. 1991 for general overview). In many cases, incentive regulation

~ can complement traditional regulation (Option A) and bthér regulatory strategies (e.g.,
long-range DSM planning and the IRP regulatory process). Most proposals focus on an
- LDC’s variable gas costs and involve either elimination or partial retention of the

~ purchased gas adjustment (PGA) or cost-indexing approaches (se¢ Section 4.3.4 for a

- more detailed discussion). For example, Hatcher and Tussing (1992) argue that linkage
to a prespecified market index, in conjunction with incentive regulation that shares any
cost savings among ratepayers and shareholders, will provide an effective basis for

- monitoring and oversight of gas costs. To encourage long-term contracts, Fessler (1993)
~ suggests that these contracts adopt pricing mechanisms that follow the market (rather than

try to outguess it) and that utilities should have the burden of proving that cost premiums

- over and above spot indexing are justified by benefits to core ratepayers.

Another general approach includes va‘ri:‘oqs partial deregulation proposals that significantly
- relax regulatory oversight in favor of reliance on market forces (Option F)

' (Harunuzzaman et al. 1991). ‘The underlying goal is that market forces would establish
rates, services (including demand-side services), and the degree of reliability desired by

customers. The scope and extent of deregulation could vary just as with incentive
regulation. - PUCs would be required to establish new policies and rules to facilitate
deregulation of certain markets (e.g., unbundling of LDC services, performance
* standards) and reduce the degree of regulatory oversight. Proponents advocate

" comprehensive unbundling and open access to transportation on local sy stems, leading
" “to the emergence of a retail gas merchant industry that would compete with or ‘supplant

the LDC’s merchant functioﬁi. This strategy would involve deregulation of gas supply

" for all noncore customers and certain core customers. For this strategy, gas LDCs and
- PUCs may have to reallocate transportation costs associated with serving various

customer classes, particularly facilities used jointly by core and noncore customers.
While most customers would still rely on the LDC for transportation services, most
- noncore customers would procure gas independently or from third parties. Ultimately,
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2.6

some proponents of this approach envision that core customers may choose supply
service from competitors to the LDC (Lemon 1993).

Potentlal Beneﬁts and Drawbacks of a Gas IRP Regulatory Process

. As: the previous. sectton 1llustrates mtegrated Tesource planmng for gas LDCs is one

approach that state PUCs can consider to address gas industry restructuring. For
discussion purposes, it is helpful to separate the underlying objectives and goals of IRP
from the question of what regulatory processes would be most appropriate for gas LDCs
in order to achieve various objectives: This distinction is useful because many gas
industry representatives and organizations maintain that an LDCs’ strategic planning

-process. can achieve many of the objectives of IRP.{e.g., consideration of both supply-
V:é-:and demand-srde optrons) w1thout a commxssmnvmandated IRP regulatory process

: :The fundamental ob_)ectlve of IRP is to insure. that ut1ht1es assess a. comprehensrve set of

~supply-'and demand-side options based on.consistent planning assumptions in order to

~ create'a resource mix that reliably satisfies: customers’ short-term and long-term energy
- service needs at the lowest total cost. In defining total costs, the regulator often assumes
a societal perspective; which means that utilities are askedto consider environmental and

- -other social costs of providing: energy services in some fashion. This notion of the role

- of gas utilities as pfoviders-of energy:services, and not simply gas therms, is:an integral

.- part. of the ‘move:towards IRP (Ontario Energy: Board: 1991): Uncertainties and risks

. associated with different external factors-and: resource portfolios should:be considered by
\the gas LDC as. part ‘of this comprehenswe assessment of resource optxons

. As prevxously descnbed in regulatory Optxons C and D an IRP regulatory process will

typically involve:

e a formal IRP plan presented by the gas LDC in a separate regulatory forum
(i.e., not a rate case);

e explicit consideration of a wide variety of supply- and demand-side options;
d ,publlc partrcrpatlon in the development and/or revxew of the resource plan

e review, and" poss1b1y approval of the uuhty s plan by a regulatory
s commxssron ‘ :

Key factors to consider in assessing the value of a formal IRP process are:



° the adequacy of the existing regulatory system, given gas industry
restructuring and specified regulatory policy objectives; o

° the extent to which an LDC’s existing strategic planning process already
includes and adequately addresses IRP goals and objectives;
® determination of the potential benefits and costs of an IRP process in
comparison to-current and other proposed regulatory- approaches; and A
Loe the.',e‘x’te’nt to Whichfthe »incféméﬁtalttahsaction coStSéésociated w1th an IRP
process are.either not necessary or that similar costs would not be incurred
- with other regulatory strategies. .~ . AR s

: '.—A"handful of states ’have-ado“ptéd‘: gas IRP regulations and 'iO to/ 15 gas LDCszrhave filed
~ their initial integrated resource plans under these rules. Anecdotal evidence suggests that

results have been mixed. For example, in Washington, gas LDCs are preparing the

- second:.generation -of IRP: plans, and the gas’IRP-process. seems to have produced

significant benefits for ratepayers as well as utilities (see Exhibit-2-1) (WWP:1993). In

‘contrast, after.completion of one statewide gas integrated resource plan and-commission
- approval-of the first integrated resource plans.filed by individual LDCs, ‘the Illinois

- Commerce Commission-(ICC). concluded that gas IRP was-an-unnecessary-cost burden

- .. on ratepayers, without'the potential to-provide.net benefits. - The Tllinois legislature has
~ repealed its IRP .regulations for .gas LDCs (see Exhibit:2:2). ICG:1993). The IRP

- . regulatory requirements adopted:in:Illinois are atypical in that they required a two-stage
- :planning process (i.e., statewide plan and individual-utility-plans). - This.approach may

2.6.1

be more time-consuming and. resource-intensive: for all partiescompared: to electric and
gas IRP requirements adopted by other PUCs. At a minimum, these experiences suggest

- that IRP processes’ have to be tailored carefully to the conditions and capabilities of gas

LDCs.

Potéhtial Béneﬁ’ts

. Potential benefits of gas IRP cited by proponents include: -

- » IRP provides documentation and support for the strategic planning activities
of gas LDCs. An integrated resource planning process can help facilitate a
systematic approach for utility managers to evaluate diverse business activities and
potential investments (see Figure 2-5). Gas utilities will increasingly have to offer
innovative services to diverse customer groups with varying needs. A robust
integrated resource plan satisfies multi-attribute evaluation criteria (e.g., cost,
reliability, competitiveness, and environmental acceptability) by performing well
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Exhibit 2-1. Impact of IRP and FERC Order 636 at Washington Water Power

Washington Water Power (WWP), -a combined gas and:electric utility, has filed two IRP
plans -under regulations issued by ‘the Washington: Utilities ‘& Transportation Commission
(WUTC). WWP has about 102,000 residential gas customers and more than 12,000

- commercial sector accounts with firm sales of about 150 million therms annually,.

, WWP's IRP process has produced some tangrble benefnts reduced costs to utility
ratepayers, improved analytrc methods to value resource optrons, and rncreased resources
devoted to long-term resource planning, which has helped the utility respond quickly to post-
636 implementation issues. WWP's experience also highlights the iterative and ongoing nature
-of IRP. - Many of the benefits of the IRP process ‘have become more apparent in WWP s: second
‘IRP-plan as action plan items have been implemented. For example. ' :

In its 1991 IRP plan, WWP added a 5% reserve margin to the peak-day forecast to
allow for forecasting error and possibie :physical losses.of supply or pipeline
capacity. WWP agreed: to examine this igsue. in more detail in its second IRP plan

‘based on comments.feceived by.various. partres In its 1993 IRP plan, WWP

concluded that its use of des:gmday cold eather condmons was sufficiently
conservative .so that the 5%.reserve margin was not necessary This means that
WWP could reduce its peak-day supply by about 100-150,000 therms/day in each

. year aver a ten-year planning period. if WWP is able to take full advantage of the
' ’capacrty release provisions of FERC Order 636 to market the excess firm

transportation capacity, the company couid save about $15 to 25 million from

reduced peak—day requrrements

’»*'WWP has |mplemented several DSM programs (resrdentlal weatherization, high-
-efficiency appliance -rebates, low-flow showerheads, -and:-commercial/industrial
- incentives), which appear to be-cost-effective from the. utrlrty s perspectlve in

,,,,,,,

representing about 8% of incremental growth in peak demand over 3 ten-year
planning period at levelized cost of about SQ.§Ohherm.

As part.of its.electric IRP plan, WWP-is.implementing fuel substitution.programs
that pay financial incentives to eligible customers who convert from electric to gas
space and water heating. Based on a successful pilot program, the company
believes that these programs are effectrve ways to reduce average utility bills of
its ratepayers.

WWP used a targeted marginal cost method to determine supply costs avoided by

DSM measures in its. 1993 IRP plan..-WWP believes that this method is a more

appropriate methodology compared to the srmple weughted average cost of gas
method used in its initial 1991 IRP plan '

WWP utilized a commercially available gas planning optimization model to prepare
its 1993 IRP plan. The model was particularly useful in helping the company
determine how long it should pursue capacity releases of firm transportation.

Sources; WWP 1993; WWP 1991
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Exhibit 2-2. lllinois’ Experience with Gas Integrated Resource Planning

In lilinois, the Public Utility Act of 1987 mandated that the Department of

Energy and Natural Resources (DENR) prepare a statewide gas least-cost plan and
that the lliinois: Commerce Commission {ICC) establish administrative rules that
implemented these legislative requirernents for individual gas'utilities.. After adopting
one statewide gas plan and approving initial plans for individual gas utilities, the ICC
concluded that gas least-cost planning (LCP) should be discontinued. In June 1993,

~ the Hllinois Leglslature agreed wnth this recommendatlon and amended the Pubhc

_ Utility Act to dlscontlnue its gas LCP regulatlons '

The llliriois, Commerce Commissic»n ;(ICC,) concluded that gas least-cost
planning is an unnecessary cost burden on ratepayers, without potential to:provide
net benefits because:

o ‘Review of ongoing gas -purchases:can be accomplished more expeditiously
~through annual purchased gas‘costreconciliation proceedings. The
" purchased gas a’djus”tment‘reconcnhat:on is a more direct way to influence
,'the behavuor of gas LDCs and encourage them to do forward-looking
, :planmng because they are at nsk for Iong-term planmng decisions.

° Revnew of capctal pro;ects and operatlons can best be accomphshed
: ‘through focused certlflcate or rate case proceedmgs

e Most of an LDCs’ costs (i.e., gas cbmmodity costs) are constrained by the
o existence :of :a-highly. competitive natural gas supply market. The
‘Commission’s: scarce resources:are better spent:pursuing electric least
" ‘cost planining glven the greater potentlal for cost reductions for electric
’tlhtles i : .

Sources: ICC 1993,‘J6n'son"19§5

for most criteria for a range of alternative future scenarios (EMA 1992). After
completing a strategic planning process, the utility is in a much better position to
explain its decision-making and resource procurement process, whether or not it
is required to do so by a regulatory commission. One indicator of success would
be the extent to which IRP becomes the planning process for the company’s core
business rather than simply a response to regulatory requ1rements (Bauer and Eto
'1992). :

» IRP provides for sharing of risks of major supply management and capacity

~ decisions between uilities and regulators. In return for increased input into the
_resource planning process, regulators, on behalf of ratepayers, and other
participating stakeholders implicitly accept increased responsibility for resource
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Figure 2-5. IRP Framework Helps Utilities Evaluate Business Activities and
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planning decisions (Hirst 1988b). Decisions made as part of commission-
_.reviewed and approved processes typically are given the presumptron of prudence
"at a minimum (Bradford 1992) '

Gas LDCs may face reduced regulatory nsk if they obtaln pre-approval on the
composmon of supply acquisition portfolios, agreement on the need for a major
new capnal mvestment (e. g., storage facility), or regulatory support to use
various risk management strategles to manage uncertainties in supply costs.
Hedging strategies are assuming increased importance in both electric and gas
resource planning as flexibility and robustness of alternative resource portfolios
are evaluated under various future scenarios (Bauer and Eto 1992).

> IRP helps overcome market barriers and imperfections that inhibit penetration
-of high-efficiency end-use options. Gas LDCs can play an important role in
accelerating the accéptance of high-efficiency gas equipment and technologies,
which must overcome a variety of barriers in various market segments, such as
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information gaps, higher initial costs, lack of capital, and the problem of “split
incentives” (see section®6.4.3) (see Krause and Eto 1988) In an IRP context,
high-efficiency gas conservation and load management options can be regarded
as potential “supply substitutes” and evaluated for their ability to affect the
utility’s supply requirements. Gas DSM may also help LDCs provide an
increasing array of valued services for different market segments and create new
~ opportunities and markets for h1gh-efﬁc1ency gas eqmpment where societal
- benefits can be demonstrated. ,

» IRP facilitates public participation and input in resource planning. Many
. electric utilities have found that input from interested parties-and stakeholders is
. useful, particularly in areas beyond the utility’s traditional fields of expertise

(Hirst et al. 1992). The form and extent of public participation vary significantly

among utilities and include such activities as policy advisory groups, workshops
- on technical aspects of a plan, collaborative processes involving key stakeholders

to develop a set of DSM programs, and solicitation of formal comments from
outside parties to PUCs as part of the commissions’ review processes (Raab and
- Schweitzer 1992) 14

» IRP helps facilitate coordinated ~ energy and environmental planning.
Development of IRP in the utility. sector has led to an increased recognition of the
potential benefits of coordinated energy and environmental planning among state

~ agencies responsible for these functions. A number of states use IRP-type
processes to develop long-range energy plans for all sectors (e. g., buildings,

...industry, and transportation). .. These efforts often include.an overall resource
assessment, articulation of state goals in energy-related planning areas, and policy
direction on balancing economic and environmental goals.

~ State-level energy planning often provrdes pohcy direction or mput on a key issue
that affects a utility’s integrated resource plan. Examples include state policies
on environmental externalities, siting of new facilities, and development of
alternate fuel vehicles in the transportahon sector (Bradford 1992). As a relatively
'clean-burmng fossil fuel, natural gas may play an enhanced role in meeting future
energy service needs to the extent that the energy and environmental implications
of resource alternatives become an integral festure of state-level and utility
" planning processes

14 As competitive pressures increase, utilities are likely to request confidential status for ever-increasing
portions of their IRP filings and supporting materials, which will complicate efforts to encourage public
involvement and present regulators with difficult choices.
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2 6.2 - Potential Drawbacks

Critics of gas IRP regulatory processes emphasize the inherent limitations and regulatory
costs of this approach (Kretschmer 1993). They argue that the significant differences
between electric and gas utilities mean that the benefits to be captured by a formal IRP
proceeding are likely to be small and will not justify the additional transaction costs of
‘such a process. In critiquing the value. of gas IRP regulatory processes, they raise the
following i 1ssues s e

b, Ihe dlrect and indirect costs of an addzttonal gas IRP regulatory process can
be substantial, and the beneﬁts are uncertain and lzkely 10 be small. Some
pohcymakers argue that gas IRP processes involve srgmﬁcant amounts of utility,
regulatory, and third. party staff time, which could be better spent, given limited
_ rTesources, on other activities (Kretschmer 1993).1 Cost concerns are seen as
~ critical because the potentlal beneﬁts of gas IRP are rnherently less than those that
can be realized by an electric IRP process. Many gas mdustry groups maintain
that supply-srde decisions. for gas LDCs do not rmply large, long-term 1rreversrble
cost. commitments and that competitive gas markets limit opponumtres for a
pubhc process to further reduce gas costs. ;

> A gas IRP regulatory process, particularly one that implies regulatory
preapproval, is incompatible with the development of a competitive gas industry.

Given the realities of a rapidly evolving competitive supply environment, PUCs
that review and approve uuhty integrated resource plans are very unlikely to be
able to complete this process in a timely fashion. Moreover, if PUCs approve an
LDC’s integrated resource plan, the risks associated with long-range planning
decisions are unnecessarily being shifted to ratepayers or regulators. This
conflicts with policy goals intended to make utilities function as they would in
competitive markets. Finally, in a competitive environment, the public nature of
an IRP process is not necessarily a benefit because the gas LDCs bargaining
power is reduced because potential suppliers have the opportunity to obtain
information on the LDCs’ supply plan and options.

> The gas conservation potential that can be acquired cost-effectively by an LDC
is relarively small because much of the economic potential will be captured
through government appliance and building standards and codes. The achievable
DSM potential for a gas LDC is also more limited because gas avoided costs are

15 See Jensen (1993) for a discussion of the pros and cons of gas IRP regulatory processes.

' One participant in the Illinois IRP process estimated that the direct costs of the gas LCP process was
about $3 million for the seven gas LDCs (Jensen 1993).
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2.7

lower than those for electricity. This means that, all else being equal, it is more
difficult for gas utility programs to pass cost-effectiveness analysis from the
economic perspective of the utility and society (Jensen 1993).

Summary

This chapter has hlghhghted the magnitude and nature of changes occurnng in the U.S.

gas industry and their potential 1mphcat10ns for gas LDCs and state regulators. There
is broad agreement among participants in the gas industry that strategic planning is
critical for' LDCs in the new business environment. For those regulators considering gas
integrated resource planmng, a major challenge is to adapt IRP processes to the

~ ‘conditions and circumstances of the gas mdustry Flexible approaches are desirable for

‘several reasons. First, the market forcés unleashed by and uncertainties associated with
' gas industry restructuring mean that regulatory -approaches must be compatible with
* ‘emerging- competmve realities. Second, the typical gas LDC may have fewer staff

~ resources thanthe typlml mvestor—owned electric utility, which also argues for more

streamlined regulatory processes. Flnally, in thmkmg about gas IRP, it is important to

remember that fundamentally IRP is not an end in 1tself but a process designed to
improve resource decisionmaking.
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3.1

3.2

Chapter 3
Lisvesanrninse

Gas Integrated Resource Planning:
Methods and Models

Overview

Regardless of whether gas integrated resource planning:(IRP) is pursued as a separate
regulatory process or a set of methods that are overlaid upon existing business and
regulatory practices, IRP.requires the coordination of several areas of utility resource
planning This coordination should begin with a clear set of objectlves that define the

‘mission of the gas local distribution company (LDC) as an energy services company. The

LDC sets out to meet’ these objectives by conducting business and-resource planning in
five major areas: demand forecasting, supply-side resource selection, demand-side
resource selection, resource 1ntegrat10n and financial and rate forecasting. This chapter
provides an-overview ‘of ‘the major areas in IRP, discusses how the areas should be
coordinated, and focuses on three topics that are not covered elsewhere in this primer:
demand forecasting, resource integration, and the treatment of uncertainty. An overview
of computer models that are used to facilitate IRP goals and objectives is also included.

The Gas IRP Analysis Framework

A schematic representation of the IRP analysis framework is shown in Figure 3-1. The
framework is not intended to be all-inclusive; instead, it highlights some of the key
planning areas and their relationships to each other. IRP processes usually begin with a
demand forecast; based on this forecast, the utility develops an initial or base-case
resource plan which usually includes only traditional supply-side resources and excludes
demand-side options. The base-case plan and variations on it are used to develop initial
estimates of avoided costs. These avoided costs are used. to screen alternative demand-

- and supply-side.resources. Based-.on the results -of screening. alternative resources,

alternative plans are developed that best achieve a certain objective, like the minimization
of total cost (i.e., the “least cost” objective). Exhibit 3-1 summarizes the particular
approach taken by one LDC, The Peoples Gas Light and Coke Co., and provides a
concrete example of the major steps taken to develop an integrated resource plan.

A gas integrated resource plan must specify a planning horizon. In the electric industry,

planning horizons of 20 years are common. Because of shorter lead times necessary to
construct natural gas supply facilities and the greater uncertainty associated with gas
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Figure 3-1. Analysis Framework for Gas IRP
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Exhibit 3-1. Major Steps in the Peoples Gas IRP Plan

The: Peoples Gas Light and Coke Co. (Peoples Gas) prepared an integrated resource
plan to comply with lllinois Commerce Commission rules {Peoples Gas 1991}). The plan had
four cornerstones: demand forecasting, supply-side management, demand-side management,
and integration (see Figure 3-2). The plan was developed using a series of linked, detailed
models rather than a single, integrated planning model.

Demand Forecasting e : i

Peoples Gas forecasted demand of furm customers by combining the results of a short-
and a long-term econometric model. The short-term model was designed to provide the best fit
of recent historical -data and could, therefore, be -expected to produce more accurate forecasts

_in the short run. The two ‘models were combined via welghts the short-term mode! was given
“.greater weight in earlier years and the long-term model greater welght in later years. Peoples
‘Gas forecasted the demand of ‘larger, nonfirm customers on a customer-specific basis.

The peak-day demand forecast was estimated econometrically using recent daily
sendout data and the assumption that:the peak day would occur on a January weekday with
ambient temperatures.of -15 degrees Fahrenheit.

The company estimated demands consistent with five general. scenanos A1) .a base
case, (2) a high economic growth case, (3) a low economic growth case, (4} base-case
-economic growth combmed with new demands from strong” env:ronmental regulations, and (5)

' a pnce shock” scenano :

- Demand- Snde Management
Peoples Gas used a DSM screening program to assess many DSM measures and
programs; measures and programs were identified that passed the Socnetal Cost test,
- Participant test, and Utility Cost test. Programs that passed the screemng stage also had to be
cons«stent with Peoples Gas’s “overall DSM objectives.”

Supply Sude Management
Supply-Side management involved the enumeration of all practical supply-side options
including new forms of contracting on existing pipelines as well as new capacity options.

Integrative Aspects

.Peoples Gas’s.integrated resource:plan was:determined:using its. Daily :and-Monthly
Optimization Models. These models are built upon LINDO, a commercial linear programming
computer program. The models ensure that the system has sufficient gas supply and capacity
available to meet the following ‘design requnrements. annual, January peak day, extreme Fall,
and extreme Spring. The LINDO program picks the most economic supply--and demand-side
options. Two types of least-cost plans were developed: a supply-only plan and a combined
supply- and demand-side plan. The supply-only plan is used as a baseline for comparing energy
and cost impacts and is used to develop the avoided costs for screening DSM programs. In
addition to the least-cost criterion, some “secondary” attributes, such as rate impacts or the
existence of possible implementation barriers, were considered in the final selection of DSM

programs.
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Figure 3-2. Peolees ‘Gas IRP Process
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demand forecasts gas LDC planmng honzons are typlcally shorter; three- to ten-years
appears common.’ s

o

' To the extent that an IRP evaluates longer-lived resources, such as DSM measures, it may be necessary to
extend the planning horizon to a point where the full costs and benefits of each resource option can be
measured.
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3.3

Defining IRP Objectives

It is essential that LDCs and PUCs define the mission of the LDC as an energy services

company. This is done by adopting a set of IRP goals and objectives (Energy

Management Associates (EMA) 1992). Achieving the proper balance between multiple
objectives is a key challenge in IRP. For many PUCs, the overall goal of IRP is to

_develop a plan that reliably meets customer energy service needs at the lowest possible
-Cost. Table 3-1 lists other major JRP objectives that are considered important by two
- major stakeholders PUCs and gas. LDCs. From these objectives, one can develop

quantitative indicators for measuring how well a particular plan achieves its objectives.

- There is some qvq:lap of the objectives that are important to PUCs and LDCs but not
- complete congruence. The degree of overlap between a PUC and an LDC strongly

Table 3-1. The Range of Objectives in Gas IRP

Mejor Stakeholder Objectives Key Indicators
PUC Minimize source energy oo Total energy
requirements consumed
Minimize. total T 'Somelal Cost test, quanlllles
isoclal costs » o pollutants released '
: Mlmmlze total customer costs Total Resource Cost test
. "snare benefits -, Rate or bill impacts by
, equrlably ... . . tustomerclass
Minimize cuslomer bills Utility Cost test
)\ ; - LRREREL . : i
Minimize rdtes ' Nonpariicipants test
, Lo EXpecteg curtailmengs,
Maintain reliability : reserve margins
Lead time of selected resources,
Maximize planning dollar magnitude of long-term
v flexibility commitments
Maintain Market share, relative size
market share of marketing budget

Maximize shareholder value Stock price, return on equity
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depends on the LDC’s existing regulatory framework. For example, an LDC that has
reasonable assurance of recovering prudently incurred DSM program costs and lost
revenues is more likely to accept minimizing total costs as an objective than an LDC that
does not have such an assurance.

34 : Gas Demand Forecastmg

The startmg point of any gas mtegrated resource plan is the demand forecast, which
estimates the future natural gas energy service needs of an LDC’s: -customers. With the
predicted demand, assessments of new supply- or deémand-side resources can be made.
For IRP purposes, the most common LDC demand forecasts aré‘annual and design peak-
day demands for each year of the planning horizon. If a gas iitility ‘has or is considering
seasonal storage resources, then a forecast of peak season requirements is also needed.
In addition to demand forecasts used in IRP proceedings, LDCs forecast demand for
shorter-term purposes: day-to-day operanons supply portfoho planmng, and _revenue

forecasting.

3.4.1 Econometnc and End-Use Demand: Forecastmg Methods

‘There are two general types of forecastmg methods econometric and end-use.

'Econometnc models typically rely on historical data sampled over time (time series data)
or across customers (cross sectional data) to- develop statistical relationships between
demand and one -or more explanatory variables.. Econometric models may also be
estimated using explanatory variables that-are based on past values or moving averages
of demand variable.? A statistical “best fit” of coefficients are found which relate demand
to its explanatory variables (Pindyck and Rubenfeld 1981). The coefficients, along with
additional data on the model’s explanatory vanables, may then be used to forecast
demand. Table 3-2 shows a range of explanatory data that can be employed in
econometric models-for:residential customers. A single econometric equation can be used
to estimate total sales (Level 1), two equations can be used to estimate number of
customers and-use per customer (Level 2), or multiple equations can be used to estimate
the number of customeérs in particular residential subclasses and use per customer in each
of these subclasses (Level 3).

2 Econometric models of this type are known as autoregresswe (AR) and moving average (MA) models.
These models may be combined to form ARMA or integrated ARMA (ARIMA) models (see Pindyck and
Rubenfeld 1981). ARIMA models have proven to be very useful in forecasting peak-day demand.

38



Econometnc models are attractive because of their power to correlate hlstoncal demand
data with the historical explanatory data. Econometric models cannot, however, forecast
relationships that are not somehow embodied in the historical data. The demand impacts
of new, utility-funded DSM programs, which are undertaken to encourage customers to

Table 3-2 Levels of Load Forecast Disaggregation for Residential Customers

<- Econometric.

“Level 1 |rLevel'2 " “I'Level'd. .. - -|-leveld .
© No. of space ° No of |} Same as, level 4,
" heating single |  water’ - except apphance
“tamily (SF) ‘I “ heaters | turnover is explicitly
1 . ‘homes. = o No. of 7| modeled
e No.of . furnaces. :
~ nonspace | e No. of air eg. ..
heating SF ‘ conditioners ‘| ¢ No. of existing
“No.-of =" “homes - - ¢ e Ne.'of - | 7 water heaters
customers e No. of multi- “boilers | e No.of new
family building e No. of (high efficiency)
N with gas space ranges | . water heaters
1 heat - 7 e Ne.of b
SERR T LA SonarerNesel e T dryers
Residential S -nonspace-heat | = :
sales , 1 multi-family
‘ o homes '
Useper | e Useper SF. .| Useper . | e Use per existing
customer home, space water water heater -
heat " heater e Use per new
o Use per SF e Use per water heater
‘home, “* : furnace - 2 g
nonspace-heat | ¢ Use per air-. |
e . Use per multi- conditioner. .
family e Use per ’
building, boiler
space heat .- e -~ Use per
o . Use per multi- range
family . e Use per
building, dryer
nonspace-heat :

Source: Adepted from presentation by Jim Lamb (WAPA 1983)

39



adopt greater levels of energy efficiency than would be expected from customer responses
to rates alone, represents an event that cannot be forecasted econometrically, at least not
with data sampled from a utility’s own service territory.

End-use models attempt to model explicitly, with varying degrees of sophistication, the
- stock and energy intensity of existing gas-consuming buildings and appliances (see Table
3-2). Level 3 can be considered a quasi-end-use model because an explicit representation
of space heat and nonspace-heat loads is made. True end-use models begin at Level 4
where stocks of appliances are explicitly modeled. Level 5 illustrates a further expansion
of the end-use framework: appliance stocks and tumover rates are forecasted to model
the change in appliance efficiencies over time. ' ‘

End-use models. have advantages in an IRP context because: they allow the impacts of
utility DSM programs to be readily reflected in the load forecast and because they make
underlying assumptions about the usage and efficiency of building and appliance stocks
transparent and understandable. End-use models also have disadvantages. First, end-use
models require extensive data that is not readily available to most LDCs. Utilities must
either conduct surveys to collect the data or botrow it from similar utilities that have
conducted such surveys. Second, the lack of time series data on all explanatory variables
makes end-use models difficult to verify although this should be less of an issue with
continued end-use data collection. : o St

While the collection of end-use data may be seen as a significant model development
cost, end-use surveys have value beyond demand forecasting applications. For example,
Washington Gas Light used the results of end-use surveys it initially conducted for the
development of demand forecasting models for other purposes including the estimation
of price elasticities of demand, DSM program design, and DSM program evaluation (see
Table 3-3). To collect these data, the utility has spent roughly $500,000 since 1987
(Washington Gas Light Co. 1992). - : .

In some states, end-use models are already being used for natural gas resource planning.
For example, in California, the California Energy Commission and investor-owned gas
LDC:s rely on end-use models for long-term demand forecasts. Also, several combination
utilities have transferred their end-use modeling capabilities from their electric
departments to their gas departments. Econometric models are likely to remain common,
however, because of the short planning horizons in the natural gas industry and the
extensive data requirements of end-use models. Even if econometric models remain
common, however, some end-use modeling will be necessary in IRP processes to
estimate the impacts of utility-sponsored DSM. :



Table 3-3. Selected End-Use Data Collection Activities of Washington Gas
Light (District of Columbia Division)

Load Research
Advisory Group (LRAG)
Residential Survey
(1987 and 1980
foliow-up)

LRAG Commercial
Building Survey

i

1990 Boiler/Furnace

ENSCAN Metering
Project .

Socio-Economic
Survey

Hidden Savers Sur\;ey

Replacement Squy o

Gather date on household
characteristics which could
affect energy consumption,
including appliance. .-

_ saturations and behavioral
characteristics. Follow up

survey ‘allowed for tracking

of sample households over, .
_time,. . ' '

.. .Assess the level of energy
:efficiency in g:ommercial
" buildings.

Estimate the annual turnover
of boilers and furnaces and .

. the percentage of the totql
" market thet participated in

the utility’s DSM programs.

Collect daily load dats.
Subset of ENSCAN sample is

-.,a part of the LRAG sample,
‘80 inferences on appliance

use are possible,

Collect race and income data
on participants to determine
whether programs are
reaching & broad range of
customers.

lﬁyestigéte why certain
- program participents increase

rather than decrease:
qonsumptipn. Look for,
changes in participant

‘. characteristics that could

explain the incresse including
number of appliances,
building structure behavior,
and housshold size.

Source: Washington Gas Light 1992
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3.4.2 Weather Normalization Procedures

3.4.3

A significant fraction of residential and small commercral demand is typrcally weather
sensitive. For historical data to be useful for short- or long-term demand forecasting, this
weather sensitivity must be characterized and controlled for. Average or normal
temperature conditions are usually chosen for forecastmg revenues and average utilization
of contracts and facilities. For planning total contract capacity and the size of facilities,
LDCs also want estimates of extreme peak day, peak season, or cold-year demands.

The simplest way to conduct weather normalization is to create an index that is directly
proportional to heating loads, such as the heating degree day (HDD) (American Gas
Association 1987b). The HDD for a partrcular day is equal to a predeﬁned base
temperature minus the day’s average temperature.* The base temperature is set at a point
where there are no heating loads. Traditionally HDDs have been recorded using a base
temperature of 65 degrees F. Lower base- temperatures at 60 or 55 degrees F are,
however, becoming more common as the housing stock in the U.S. is becoming more
efficient and people are lowering thermostat settings. If econometric models are used,
thenhistorical data are used to find the relationship between HDD and demand per

. customer._ If an end-use model is used, a simple linear relatwnshxp is assumed for all

heating end uses. Forecasted demand is then computed using a forecast-of HDDs. For
average conditions, some historical average HDD is used. Extreme-day or extreme-
annual HDDs are used to compute design peak-day and cold- -year demands, respectively.

Additional sophistication can be added to the weather normalization process. Daily
demand forecasting models require a recognition of the time lag caused by the thermal
capacitance of building shells; such a lag may be incorporated into models using lagged
demand or temperature data. Other weather data such as wind speed and solar insolation
can also improve the accuracy of models.

Peak-Day Models

LDCs also develop models to forecast peak-day loads in average or extreme weather
conditions, in part because many facilities, especxally those located near load center, are
sized to meet peak-day loads. Most peak-day models are determined econometrically.
Historical winter season daily demands are used to determine a relationship between
demand per customer and HDD or temperature. The estimated equation will often include

3 Similar to the HDD's ability to predict heating loads, cooling degree days (CDDs) are a temperature index
that can be used to predict cooling loads. CDDs may become important for gas demand forecasting if the
penetration’ of gas-powered cooling systems increases‘in the future.

42



time-lagged temperature data patterns and wind speed. This estimated relationship is then
used to determine daily demand for the situation of interest (e.g., the peak-day
temperature that will satisfy the utility’s reliability criteria).

There are several approaches used by LDCs to define the design peak day. Ideally, the
design peak day standard should be based on a benefit-cost study that sets marginal value
of service equal to marginal cost (see Chapter 4). In practice, however, most LDCs
determine their design peak-day requirements by choosing a reliability standard and
estimating demand at that standard. Because of the strong temperature dependence of
peak-day loads for most LDCs, reliability standards are characterized by a design
_ temperature or HDD..Some LDCs base their desxgn temperature on the coldest day or
_ coldest cluster of days ever recorded in their service territories. For many utilities,
. weather records are available for periods longer than 60 years. Other LDCs use the 90th-
or. 95th-percent11e cold temperature using all data recorded in their . service terntones A
more sophisticated approach to determining the demgn temperature fora servrce territory
is to fit recorded cold»year temperatures to a mathematical distribution, The uuhty
chooses a mathematxcal dlstnbutlon that appears to best describe the true varjation in
' temperature The desrgn day is set at the coldest temperature seen at the 90th, 95th, or
99th percenule of the fitted distribution.. Using fitted distributions to compute the design
- peak day uses more information than Just the data on the most extreme days; however,
. the results depend heavily on the type of distribution chosen by the forecaster

Several utrhnes are. begmmng to combme econometnc and end—use techmques in their

. peak- day forecast models. For IRP processes the impact of apphance efficiencies on

, peak-day loads must be considered if the capacrty-related benefits of DSM are to be

~ realized. Analysts have attempted to incorporate appliance efficiencies into peak-day
models which is an important step in making demand forecasting more consistent with
IRP (Atlanta Gas Light Company 1992; Carillo 1992).

3.4.4 Demand Forecasting in an Unbundled World
Interruptible Demand

Interruptible demand is often an important component of an LDC’s demand mix. While
estimates of firm demand are needed to estimate the LDC’s need for capacity, estimates
‘of interruptible demand are needed for estimating revenues, rates, and profitability.

‘Previously, interriiptible demand was categorized by a system of priorities that closely
matched customer class definitions. For example, it was commonplace for all electric
generation boiler load to receive equal priority and that priority was usually lower than
the priority given to industrial process load. In recent years, ample natural gas supplies
at the wellhead combined with more stringent air quality regulations in certain parts of
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the country have made gas more desirable for interruptible customers; this change has
resulted in demand for firm or quasi-firm service from all customer classes. Thus, it is
likely that all classes except for residential and small commercial will have firm and
interruptible subclasses in the future. The implication for demand forecasting is that
distinctions between firm and interruptible loads must be made for additional customer
classes and that such distinctions can add to the complexity of the demand forecasting
process.

Transport-Only Demand

When customer-owned transport began to appear in the 1980s, it was often considered

‘tobea subset of industrial interruptible demand because of the price sensitive nature of

transportatxon customers and the unavailability of truly firm transport—only service from

) pipelines. Despite the quality limitations of retail transportation, the service has been a

huge success and now transport-only customers account for much of the total throughput

~ of many LDCs. In a post-636 world, the size and vanety of customers that purchase

3.5

3.5.1

transport-only services from gas LDCs will increase. The result of growing ‘demand for

transport-only service is that yet another dimension must be added ‘to” ‘the demand
forecasting process. Many LDCs will now ‘need to forecast sales separately from

throughput for every customer class in which transportatlon is offered. LDCs will

develop commodity portfolios only for their sales customers and will still need to plan
to acquire on-system capacity for their total firm throughput which includes firm sales
and firm transport—only loads.* Upstream ‘of the LDC, it is an open question whether

"LDCs will be’ respon51ble for acquiring capacxty for their transport-only customers. The

LDC or PUC may require transport-only customers to acquxre ‘their own capacxty

Development of Alternative Integrated Resource Plans and Resource
Integration

Developing a Base-Case Supply Plan and Initial Avoided Cost Estimates

Once the relevant demand forecasts are prepared, the next step of an IRP process is to
develop a base-case plan. The base-case plan usually relies on traditional supply-side
resources and typically excludes proposed DSM programs and new or emerging supply-
side resource options. Avoided cost estimates, crucial for screening new resources
evaluated in alternative plans, are first calculated using the base case. To estimate these
costs, base-case demands are perturbed by some increment and the difference between

* Utility sales are equal to total throughput minus transport-only throughput.
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the base case and the perturbed base case is used to calculate an initial estimate of
avoided costs. Avoided costs are an important intermediate product of IRP processes
because they link the various planning models used in IRP. If IRP could be conducted
using only one model to evaluate all possible demand- and supply-side resources
srmultaneously, avoided cost estimates would not be necessary. Such a level of
integration is usually impossible, so avoided costs become important for screening
alternative resources. Avoided costs are a function of a plan’s resource mix, so

 re-estimation of avoided costs may be . necessary as alternative plans begin to differ

3.5.2

3.53

con31derably from the base-case plan. Methods for estimating avoided costs are discussed
in detail in Chapter 5. :

,',Once a base-case plan 1s prepared and mmal esnmates of avoxded costs are avallable,

alternative plans are developed that test. one oI more proposed utlhty actnons Possible
alternative plans could include a. DSM. program a new rate design, or an alternative
supply-side plan. Although some PUCs may be reluctant to consider LDC marketing
(non-DSM) programs, LDCs can certainly use IRP processes internally to evaluate such
programs. : :

_ DSM Program Options

| Utility- sponsored DSM programs are undertaken to. modlfy customer demands and

achieve an IRP objective. The modification of demands may be characterized in terms
of load-shape objectives and include: conservation (a reduction of demand in all hours),
load building, seasonal load reductrons “vallgy” ﬁllmg, peak clipping, and .peak-load
shxftmg (see Chapter 7). Proposals for innovative pricing and improved rate desxgns can
also be considered DSM in -an IRP, context, because they. are.also undertaken to modify
customer demands (Stutz et. al.. 1993) For. example PUCs and LDCs could consider
alternative plans that promote margmal~cost-based rates that price natural gas services
in proportion to current or future costs. Service characteristics that significantly affect
marginal costs and which should be cons1dered when adoptmg margmal-cost-based rates
include: the time of year in which service is taken, the reliability provided, and the
pressure level/volume capabrhty at which service is provided.

Alternative Supply-Side Options

Because of the ongoing industry restructunng, new supply-srde resource options are
becoming feasible and, yet, may not be a part of the base-case plan. LDCs are
mcreasmgly respon31ble for developing their gas supply portfolios. In response to changes
in pipeline transportation rate design as well as the advent of capacity release programs,

LDCs will reconsider their pipeline holdings and pay increased attention to storage and
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3.5.4

other capacity options. The IRP process is well suited for the evaluation of alternative
supply plans. LDC supply and capac1ty optxons and planning methods are discussed in

detail in Chapter 4.

Resource Screening

Because detailed evaluation of any resource can be complex, LDCs typlcally employ

“screening analyses for both potential demand- and supply-31de resources. As already

discussed, avoided costs are a key variable in these analyses. DSM screening is often
facilitated by use of dedicated computer models (see Section 3.8). Supply-side screening
usually involves looking at information on system load shapes and the fixed and variable

~ costs of supply’s1de options (see Section 4.3:3 for addmonal dlscusswn) ‘During the
~ screening phase, it'is a good idea to retam Tesources that are margmally cost-effecttve

3.5.5

,'to allow further cons1deratlon 1n the more deta11ed resource mtegratlon stage

Resource Integration

The goal of resource integration is to find the mix of resource options that best meets
IRP objectives. Resource integration is facilitated by the use of gas dispatch and capacity
expansnon models. These models compute total system cost and help insure that energy

' 'serv1ce needs have been met adequately

o 'An 1mportant resource mtegratmn issue"is where to incorporate the effects of a DSM

‘program: as a modification of customer demands or as a resource optlon that is selected,

along with supply-side resources, ini the gas dispatch and capacity expansion models. It
is common to incorporate DSM programs as'a modification of demand. The reasons
appears to be simplicity and the fact that many supply-side models are not well equipped
to incorporate DSM programs as a resource. Studies that have looked at this issue in
electric IRP have found representing DSM programs as a demand modifier can introduce

inaccuracies that bias the IRP plan (Stone & Webster 1989; Hill 1991). Bias can be

~ introduced because DSM programs that are treated as demand modifiers are usually

selected using preliminary estimates of avoided cost that may not be equal to the final
estimates. Treating DSM as a resource means that it can be evaluated in a manner
consistent with supply-side options and modeled more flexibly (e.g., program size and

“implementation dates may be varied). Treating DSM programs as a modification of

demand is acceptable, however, so long as careful attention is paid to changes in avoided
costs, and alternative program sizes and implementation dates are considered.



Uncertainty is a critical
factor in gas utility
resource planning.

Whenever a plan
considers resource
options that require

irreversible decisions,
are capital intensive, or
require long-term
financial commitments,
. the potential benefit of
such ‘options is clouded

by uncertainty. The

importance of
considering uncertainty
is illustrated in Figure
3-3. The figure shows
distributions - of total

cost for two alternative | .
resource -plans, A and -
B. Plan A has a lower .
. expected value than B, | .
but Plan A-has alarger |
- standard deviation. As
there -is -a -

a - result,
greater risk that plan A
will, in fact, be more

3. 6 Treatment of Uncertainty

Flgure 3 3. The lmportance of Accounting for

Uncertainty in Resource Plan Selection
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costly than Plan B..An LDC or PUC considering these two. plans should give serious
consideration to Plan B because it reduces risk. Key variables that contribute to
uncertainty in resource planning include: demand fluctuations, gas commodity prices,
prices of alternative fuels, level of economic activity, énvironmental and economic laws
and regulations, weather, decisions of competing firms, the cost and availability of
resources, and DSM program market penetration rates.

Uncertainty can be characterized in several ways. If a particular variable is uncertain but
has been measured over time, one can characterize uncertainty by estimating its mean
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and variance.® A plan’s ability to respond to uncertainty may be characterized both
qualitatively and quantitatively. Qualitatively, plans are often described in terms of their
Sflexibility or robustness. A flexible plan allows for changes to be made in midcourse.
Robust plans are optimal over a wide range of possible outcomes. It is also possible to
use quantitative methods to assess a plan’s ability to respond to uncertainty. Four general
riethods for analyzing uncertainty in an IRP context are: (1) sensitivity, (2) probabilistic,
(3) scenario and worst-case, and (4) multi-attribute. (Hirst and Schweltzer 1988 Hirst
1992a) . :

'3.6.1 Sensitivity Analysis

Of the general methods for addressing uncertainty, the easiest is sensitivity analysis, in
which a preferred plan is developed using a deterministic set of inputs; key inputs are
varied over a plausible range to assess their impact on key output variables. If key results
change significantly, alternative plans should be cons1dered '

3.6.2 Probabilistic Analysis

With probabﬂlstlc analysis, key vanables are given probablhty dlstnbutlons as well as
mean values. Key outputs are computed using not just expected values of input variables
- -but also combinations of inputs taken from.other points:on their probability distributions.
Outcomes are computed by either enumerating all possible configurations of inputs and
computing outcomes for each configuration or by setting a fixed number of runs where
values for each. mput are sampled in accordance with their probability of occurrence. The
latter method is known as a Monte Carlo analysis. For either method, all random
vanal;les need to be charactenzed by their degree of dependence on or mdependence
.from each.other. - S .

- Probabilistic analy51s is illustrated in the reliability plan developed at San Dlego Gas &
Electnc Co itis hlghlxghted in Exhibit 4-1.

© 3 A mean is the simple average of a sample or population. Variance is a measure of how a variable will
move around its:mean -and is equal to the average of the square-of each data point minus the mean of the data.
A standard deviation, which is equal to the square root of the vanance is another common measure of
uncertainty. A bandwidth that is set at a variable’s mean plus or minus its standard deviation will encompass
68% of a sample or population’s variation. Two standard deviations will encompass 95% of the variation. A
related term is risk: the probability or chance that a certain positive or negative outcome will occur.
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3.6.3 Scenario and Worst-Case Analysis

In scenario analysis, sets of internally-consistent input assumptions are developed before
a plan is constructed. Scenarios could describe such futures as “most likely,” “high

- commodity price, low economic act1v1ty or “high demand caused by environmental

regulations.” Plans are developed separately for each scenario. This method of addressing
uncertainty is useful because it may find a course of action that is not least cost under
the “most likely” scenario but is the most appropnate course of actlon ina large number
of scenarios. :

Scenario analysis may be considered an intuitive form of probablhsnc ana1y51s Although
probabilistic analysis is theoretically attractive, it may be too difficult to articulate the
nature of each random variable and the variables’ relatlonshxps to each other. For
example, weather is uncertain but, because of historical records, can have its uncertainty
characterized precisely. On the other hand, the demand for natural gas powered vehicles
is also uncertain but has no historical precedent, so any distribution assigned to a demand
variable would require considerable judgement. Rather. than. force numeric distributions
on each source of uncertainty, scenario analysis only-requires a handful of internally
consistent scenarios. Optimal plans are then developed for each scenario. The challenge

_in scenario analysis is to maximize the use of available data and Intuition to develop a

~ representative set of scenarios.

3.6.4

A vananon on scenario analySIS is somethmg called “worst-case” analysxs In this

analysis, the utility plans for one extreme scenario but ends up facing a totally different
scenario. Such an analysis gives an estimate of the cost of being “wrong” and shows the
benefits of flexible plans.

MultijAttribute Analysis

Rather than develop input scenarios, 1t is also p0351b1e to develop sets of attributes,

objectxves or criteria. A set of plans are then rated according to their ablhty to meet
major objectives (such as those listed in Table 3-1) or specific plans are developed that
best meet specific objectives. For each objective, the plan may be subject to sensitivity
analysxs or probabilistic analysis. Plans that are best for a wide range of objectives are
given favor in this type of approach. For example, Washington Gas Light rated several
plans against eight attributes and each plan was given a total score based on its ranking
for each attribute (see Table 3-4) (Washington Gas Light Co. 1992).

A multi-attribute analysis often addresses uncertainty implicitly because the attributes
selected can be indicators of a plan’s riskiness. For example, an attribute that measures
the share of long-term contracts in the gas supply portfolio indicates a concern over the
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3.7

Table 3-4. Ranking Alternative Plans Against Attributes: Washlngton Gas

Light Co.
f 100% of 125% of DSM-Pilot
’s DCPSC's DCPSC’s -Programs
D! - 'DSM "~ .DSM . Only.
Go: ‘Goal. .- Goal - . ..
Meet Design Day & Sales Req. 9 2 1 -8
DSM Programs 9 2 1 8
Commission Goals . 2 9 10 3
“Least Cost 6 1 2 9
Free Riders 1 2 1 '8
“Rate Impact 9 2 1 R
.-Environmental Impact . 2. 9 10 =3
Good Will 1 5 2 B
TOTAL 47 32 28 54

“ Note: DCPSC = District of Columbia PSC ~
- Source: Adspted from Washington Gas Light (1992)

price volatility or reliability of short-term supplies. The more risk-related attributes are
included in the analysis and are glven ‘weight, the more- hkely it is that the ultxmate plan

selected will be able to respond to uncertamty

Public Participation and Action Plans

Development of an integrated resource plan involves more than just technical analyses.

As described by Hirst (1992b), a comprehensive IRP regulatory process should include

meaningful public pamc1pat10n and actlon plans These components are descnbed further

below
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3.7.1 Public Participation

Most PUCs have well developed rules for allowing public participation in commission
proceedings. In an IRP proceeding, public participation can be enhanced through the
creation of a technical advisory group. For participation to be meaningful, several things
must occur. First, participation in the plan should begin at an early, preapplication stage
so that any contributions of the participants have a chance of being incorporated into the
filed plan. Second, the advisory group should include members from a wide range of
interests. Relevant parties include consumer representatives, PUC staff, environmental
groups, gas pipelines and suppliers, and representatives of the DSM and building trades.
Third, although expertise on gas issues should not be a prerequisite, the utility should
~ strive to include members who are either knowledgeable about some of the subject areas
or who can commit the time to make a meamngful contribution. Founh adv1sory group
o members should be given a real opportumty to make a contnbunon to the plan. This is
~_not to say that the utility has to agree to everytlung that the members of the advisory
_group want, but the utility' should, where there is consensus, strive to mcorporate into
_the plan contributions made by advisory group members and, in areas _where there is
disagreement, respond to questions or criticisms raised about the plan

Some PUCs have taken the advisory group concept. a step further and promote

N collaborauve processes that represent an intense form of public partmpatlon on one or
more aspects of an integrated resource plan (e. g., DSM program development)
Collaborative processes usually involve frequent meetings and detailed review of issues
with the goal of trying to build a consensus on as many issues as possible. In some cases,
consensus processes are better able than traditional, litigated proceedings to reach
agreement on certain challenging issues or focus areas of disagreement for later
resolution by the PUC (Raab and Schweitzer 1992).

A major cha]lenge for PUCs that wish to see successful public part1c1pat10n in gas IRP
- proceedings will be how to respond to LDC requests | for conﬁdennahty on the price and
avallabﬂxty of certain resource optwns ‘Gas LDCs are likely to either resist submitting
or request conﬁdentxahty on certain information because they believe such information
could harm them competitively. It is possible to establish a procedure for reviewing
requests for confidentiality and, if necessary, make certain aspects of the IRP filing
subject to protective orders. Unfortunately, such procedures and orders may have the
effect of limiting or increasing the cost of public participation.
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3.7.2 Action Plans

“Least cost planning” transforms into “least cost doing” by means of the action plan,

‘which describes a set of near-term activities designed to achieve integrated resource plan

goals. ‘Action plans usually describe the near-term goals and activities for the utility’s

- DSM programs (mcludmg measurement and evaluation), supply acquisition activities,

utility projects to improve the quality of the next plan (model development data

o ~collectlon), and contmued public parttcxpauon

3.8

381

Overview of -IRP Models

Computer models facilitate several of the major areas of IRP: demand forecastmg, DSM
screening, the estimation of gas system supply and capacity costs, and financial and rate
modehng Table 3-5 charactenzes the major types of computer models available. Models
used in electric utxhty plannmg have a long history and have had extenswe technical

'rev1ew mcludmg st:rutmy during the course of litigated PUC procwdmgs In contrast,

planning models for gas LDCs are relatively new and have not been scrutxmzed to the
same degree.

* Models can’ be important tools in IRP and provide valuable insights; however if data are
- poor or assumptions questionable, model results will not be very useful. In’ Iev1ew1ng
IRP plans, PUC staff should pay parucular attention to underlymg assumptlons and

quality of mput data

Demand Forecasting Models

Demand forecasting models may be categorized as either econometric or end-use (see

“Section 3. 4). Many generic econometnc computer packages are avallable End-use

demand forecasting models are more specific to the energy ut1hty industry than
econometnc ‘models are. End-use modeling for gas LDCs is still in a developmental stage
and some LDCs have adapted end-use models originally developed for electric utilities.
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Table 3-5. Classification of Gas IRP Methods and Models

I;A, 'Demind ) .F.,,,c,',t, e Utilities usually bmld upon one of the

Forscasting: - -firm & interruptible many standard econometric packages
: Econometric L annual gas demand
-firm peak-day demand

-other peak perods, such
as cold-year winter

MMEND (EPRI) hes been adapted
s ‘industry by Wa. Gas

‘N DSM Screovniry\o“‘” " oTrack end-use data ) oLOADCALC "(Abfﬁlied 'Energy‘Gr-o{:b)

oEstimate DSM progrem eCOMPASS (SRC)
savings . 2DSM Planner (BCI, Inc.)
*Compute benefi t-cost tests oECO (Tellus Institute)
‘eModel market diffusion B ;

processes

Ast)s"(Sion‘oﬁAnpgc:;)ﬁf; .

.B.. System Supply’ ‘sDétermine the optimal use of - <GDC (Planmetrics)

..-..and Capacity . .. .existing gas supply fecilities & . . eSendout (Enargy Management
Costs: Gas ~~ contracts " Associates)
Dispstch - ="' *' ‘eCompute sverage costs, eGasPlan (Tellus Institute)
: el ‘marginal costs - : S *ROGM (Raab Economic Consulting)

oEstimate cunaclmem

“WV.  Financial and ‘oCompute: ePROSCREEN 1I (Energy Managoment

Rates - -revenue requirements, ‘Associates)
N rates i

-financisl statements
-key fmanclal mdlcators

Source: LBL end GRI date
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3.8.2 DSM Screening Models

DSM screening models are useful for developing a portfolio of DSM programs. For
evaluating DSM programs, data are needed on end-use characteristics, stocks of
appliances, and the cost and performance of DSM measures. Commercially-available
DSM screening models often include default values for some of these inputs and typically
calculate the standard economic tests for DSM programs (see Chapter 6). Some DSM
screening models include market diffusion models, which can be useful for estimating
the market penetration of DSM 'technologies.

~3.8.3 System Supply and ‘Capac:ity Cost Models
Gas System Simulation

Gas system sxmulanon programs (Table 3-5, item III A) actually model the flows and
pressures of a gas transmission and dlstnbutlon network based on detailed representations
of the gas system’s pipes, compressors, storage reservoirs, and valves. These models
take a detailed description of a gas pipeline, storage, and distribution facilities and solve
for pressures and flows using algorithms that model the behavior of natural gas in a
network system. To simplify the complex problem these models-are designed to solve,

the models typically simulate the gas utility ‘system using only daily or hourly demands
for limited periods of time at design-conditions. Network simulation models have not
been introduced into IRP procwdmgs but they are essential in determining the cost of
supply-side capacity expansion options. For. an.accurate estimate of the capacity of a
pipeline or storage resource option, the optlon must ﬁrst be modeled using a gas system
sxmulahon model.

‘Gas Dispatch or Sequenci'ng Models

Gas dispatching or sequencing is the process of scheduling and taking gas on a short-term
basis. Dispatching is done on an hourly and daily basis by the gas control group of every
gas LDC. Complex data acquisition and control systems as well as transaction data bases
~are used by many LDCs to track gas flows and dispatch resources in real time and to
make short-term forecasts. Such systems and models are not discussed further here. IRP
processes will, however, use simplified models of the gas dispatching process for
medium- and long-term planning purposes. Dispatch models may be used to make
detailed forecasts of an LDC’s contract mix and purchased gas budget one month to two
years into the future. For longer-term planning, dispatch models are used to estimate the
impacts of facility additions on purchased gas costs. The gas dispatching problem can be
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solved in a variety of ways including spreadsheets, utility simulation, and linear
programming techniques (Hornby 1991; Washington Gas Light Co. 1992). The general
goal of the model is to find a least-cost dxspatch of gas supply resources subject to firm
demand constraints, mterrupnble demand price constraints, capacity constraints, storage
limitations, and contractual constraints (partrcularly minimum take obligations). While
many LDCs rely on models developed in-house, a sample of commercially-available
models is shown in Table 3-5.

Gas dispatch models used for planning purposes must model the highly variable loads
that are common to LDCs. One simple way to do this is to “splice” loads for the design
peak-day onto an annual load profile. With this hybrid demand profile, the model can
compute a least-cost dispatch for the expected year and make sure that adequate supply

-and capacity are available on the peak day. Demand variability is also addressed by

', . performmg multiple drspatch model runs for each year under different weather SCenarios.

Capacity Expansion Models s

: As the time horizon Brows to penods greater | than one year, the LDC faces the problem

- of optimizing the mix of contracts and facilities as well as the problem .of economic
> A.udrspatch Capacity expansion models are de31gned to address this problem. Two general
.. approaches to solving the capacity: expansion problem are iterative SImulatlon and full
. optimization. In the 1terat1ve approach, a utility articulates a set of facrlmes and then

f computes total costs over a multi-year period.. In conjunction with this method, gas
dispatch models. may be ‘used. to compute purchased gas: costs.  Alternative plans are

. developed and simulated unul an optlmal one is found. according to the LDC’s planning

;ob)ectlves Some tnal and error is 1nvolved in selectmg plans for simulation. LDCs

L commonly use the iterative approach and implement the approach usmg in-house models.
‘In the full optimization approach, the planning model. automatically selects and sizes

3.8.4

facilities and computes total cost. The models find the optimal expansion plan using
automated iterative simulations, linear programming, or other optimization algorithms.

Most commercrally-avallable capacity expansion models can run as optmuzatlon models.

Capacxty expansion planning methods are discussed in more detail in Section 4.3.

Financial and Rate Models

Financial models typically compute income statements, balance sheets, and cash flow
statements for each year of the plan. This information is useful for estimating impacts
on an LDC’s cost of capital and shareholder impacts. Many LDCs have financial models
already developed in-house. Although financial models are needed for short-term
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3.85

operational purposes, financial models used for medium- or long-term planning are

~usually simpler than those used for operations.

* Rate models take the cost data estimated by gas dispatch and capacity expansion models
~and use these data to compute class average rates and, possibly, specific tariffs for each

year of an IRP plan. This information is useful for determining an integrated resource
plan’s economic impact on a particular customer class. If an LDC’s gas demand
forecasting model responds to changes in rates, rate models are also necessary to update
the demand forecast. Most rate models are developed by utilities in-house.

Integrated Models

LDCs and PUCs must make an important decision before embarking on an IRP analysis:

- whether to use linked, detailed models or to use an integrated model. Electric utilities

faced the same choice when developing IRP models for their industry (Eto 1990). With
the first approach, utilities link into an integrated process the inputs and outputs of
individual, detailed models for each step of the integrated resource plan. In the second
approach, utilities use integrated planning models that incorporate elements necessary for

a comprehenswe analy31s of DSM and supply-side options, and major linkages among

the major ‘areas’ of analysis are handled automatically by the program. Commercially-

available 1ntegrated models for gas utilities have been developed by Lotus Consulting

"Group and Energy Management Associates. Despite the availability of integrated planning

models, most gas utilities have used linked, detailed models. The advantage of the linked,

~detailed approach is that utilities can maximize use of their existing model capabilities

already developed and maintained in various company departments Linking models from

-~ different departments in anIRP proceedmg can also provide an incentive for departments

toincrease communications among themselves. Further; the linked, detailed approach can

" lead to maximum consrstency between IRP modelmg results and the results of ‘modeling

efforts conducted by the LDC 1ntemally or ‘in other regulatory proceedings. The
advantage of integrated models is that, once set up and calibrated, they are simpler to

'use, especially when many alternative plans are to be tested. Integrated models may also
“be better suited for use in contested IRP proceedings where partres other than the LDC

want'to independently prepare LDC resource plans.
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3.9

Summary

Gas IRP takes a set of multiple objectives for meeting customer energy service needs of
a gas utility and creates a plan to best meet those objectives. The major areas of analysis
in IRP are demand forecasting, DSM resource selection, supply-side resource selection,
resource integration, and financial and rate forecastmg The planning horizons of gas
integrated resource plans are typically shorter than those for electric integrated resource
plans. Ten years is a common time horizon for gas integrated resource plans. Overall,
the informational and coordination requirements of gas IRP are large, but IRP provides
a way to improve the quality of resource planning decisions.

Demand forecasting may be done using econometric or end-use methods. Econometric
methods are more common, but end-use methods are gaining acceptance by gas utilities.
Even if econometric models are used, some sort of end-use modeling is necessary to
incorporate the impacts of utility-funded DSM in the demand forecast. Demand
forecasting will grow more complicated as the range of services offered by gas utilities
increases.

Gas IRP includes enhanced public participation and action plans to insure successful
implementation. Some utilities and PUCs have found collaborative processes to be useful
in improving the design of DSM programs, and, in some cases, these processes can
result in reduced transaction costs compared to more traditional regulatory processes that
involve litigation. Action plans provide a concrete set of actions for the near term that

are consistent with the long-term plan.

Commercially-available computer models exist for almost every aspect of gas IRP,
including integrated models. Most utilities have chosen to rely on linked, detailed models
because this approach maximizes the use of an LDC’s existing modeling resources.

Ideally, DSM should be treated as a resource option in the supply planning process rather
than as a modification to the demand forecasts. DSM resources may also be modeled as
demand modifiers if careful attention is given to changes in avoided costs caused by
changes in the IRP plan and if alternative program sizes and implementation dates are
considered.

A good way to address uncertainty is to carefully select a set of internally consistent
scenarios for which alternate IRP plans are developed or to evaluate alternative IRP plans
against a set of key attributes. The best plan may not be the lowest cost plan for any
single scenario or attribute. Instead, the most robust plan is likely to perform well over
a wide range of scenarios or to meet multiple engineering, economic, customer service,
and public policy objectives.
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Chapter 4

4.1

Supply and Capacity Planning
for Gas Utilities

'Overview

This chapter discusses resource planmng methods of gas local distribution companies

"’(LDCs) with an emphas:s on supply—mde alternatives.” The supply-side planning

*“ environment for LDCs is rapldly changmg as more resource options are available, and

“LDCs can no’ longer rely on gas plpehnes for supply management. The ramifications of
- -gas mdustry Testructuring are not yet fully understood and more changes are likely.

~ Analysts and industry partlc1pants ‘have issued reports and papers that focus on supply
“and capacity planmng problems for LDCs, but none are comprehensive in light of the

rapid change in the industry (NARUC Staff Gas Subcommittee 1990; Hatcher and
Tussing 1992; U.S. Department of Energy (DOE) and the National Association of
Regulatory Utility Commissioners (NARUC) 1993). This chapter discusses gas supply
and capacity planning with an emphasrs on four topics: (1) existing and emerging supply
and capacity: resource options, (2) ~major supply and capacity planmng methods and

issues, (3) public utility commission (PUC) oversight of gas LDC procurement decisions,

. and (4) rellablhty and contrngency planmng

4.2

4.2.1

Planmng for Gas Supply Portfohos

' AOvervrew

With the ongoing gas industry restructuring, the scope of gas LDC procurement activities
has been reduced now that large end users have taken increased responsibility for
procuring their own gas supplies. Gas LDCs still procure supplies for firm, usually

“core,” sales customers and many interruptible sales customers. Gas LDCs also procure
gas as a standby or balancmg service for transport-only customers who intermittently fail

_to deliver their own gas. LDCs can procure gas from an expanding set of supply options.
‘In this section, the major types of gas supply contracts are dlscussed and terms and
concepts are introduced for regulatory staff who are involved in reviewing and evaluating
‘an LDC’s supply plan Alternative regulatory frameworks to review LDC procurement
~ decisions are also discussed because a PUC’s review process can sxgmﬁcantly influence

. agas LDC’s procurement practices.
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4.2.2 Gas Supply Options

A diverse set of gas supply options has existed for several years at the wellhead, and, in
a post-636 environment, LDCs will be expected to look beyond interstate pipelines for
sources of firm supply. Because of concern about the future price and availability of spot
gas supplies, LDCs will also be re-evaluatmg the “short” side of their gas portfolios.
Table 4-1 briefly describes the major types of gas supplies by contract type. Gas supply
contracts are either physrcal gas contracts or financial gas contracts. Physical contracts
~ include pipeline sales service, long-tenn ﬁrm contracts, gas reserve purchases monthly
~or multi-month firm. contracts, spot contracts, and customer buybacks. Financial gas
contracts are relatrvely new in the gas mdustry and mclude contracts that are primarily
demgned to mitigate price risks rather than provide physwal gas supphes Financial gas
contracts include forward futures options, and swap contracts. The remainder of this
section exanunes key 1ssues that arise for LDCs when assessrng these supply options.

Basic Controct Ter_fns;‘, Spot Contracts

- Any gas supply contract needs to specify the quantrty of gas sold, term of the sale point
of dehvery, and price. Because of the short, nonfirm nature of spot. contracts, their terms
‘may be considered the lowest common denommator of all gas contracts. Spot contracts
specify an average daily quantity of gas as well as a2 maximum daily quantity (MDQ) of
gas. MDQs are usually higher than the anticipated average demand to allow for daily
variations in demand. Usually one party will act as a shlpper and be responsible for
scheduling gas delivery on the interstate pipeline and paying any transportation charges.
Spot contracts allow either party to terminate the contract without penalty. Sometimes
prices are renegotiated midmonth to prevent either the buyer or seller from terminating

, the contract

Characteﬁzing Long- Temi Contrdcts

‘Long-term contracts’ are not synonymous with firm contracts, but rehabrhty provisions
are commonly 1ncluded in longer—term gas contracts. Longer—term contracts are entered
into for at least four reasons: (1) to improve supply rehablhty, (2) to improve price
stability, (3) to 1mprove revenue stabxhty, and (4) to reduce transaction costs. In addition
to the basic provisions included in spot contracts, longer—term contracts Jinclude
provisions regarding supplier rehabxhty, volume or take flexibility, and price
determination. Supplier reliability is very important to buyers and buyers often attempt
to eliminate unreliable suppliers by requiring potential suppliers to go through a
prequalification process. Buyers ask the following basic questions when assessing supplier
reliability: (1) does the supplier control the physical resource? (2) does the supplier
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Table 4-1. Overview of Gas Supply Options

Option

Spot.-

Long-term Firm

Mnn'thl\},\nr
Multi-Month
Firm

i ‘;Pipoiine Sales
“Service

Pu rcf\as‘e;nf
Reserves

Forward
Contracts,
Futures,
Options, end
Swaps

Customer
Buyback

' . Contracts to sell gas that allow either party to terminate without penalty. Term is
.usually on e caleridar month basis. Spot markets are now evolving into daily

markets whoto olgmﬁcant tradmg (end pnco vanauon) occurs all month Iong

Gas supply contracts with terms longer than one year. A long-term firm contract

usually provides grsater reliebility then a similar sized spot contract and includes

procedures for duputa vosoluhon. In return for accepting performance-penalty

- “terms,-the supplier usually requires the buyer to make volume commitments in the
form of gas mvontory charges, take-or-pay charges, reservation charges, or other

mlmmum-tako provwnons Prices may be fixod indexed to mflanon, mdaxed to spot
gas prices, or lndexed fo slternative fuel | prices. ’

) Contracts for fnrm supplv on.a short-term (less than one vear) bas-s. They are

usually entered into to supply swing- and heating-season loads. They ere
considered more relible than spot supply and can provide a higher degree of price
certainty than spot.

As e-7esult of FERC Order 836 pipeline sales gas {merchant function) sre
deregulated and unbundied from essociated pipeline transportation and storage
services. Merchant services provided by & pnpolme or its affiliates may not be

“bundied with any. vegulatod pipeline services and must compete with unaff liated
“marketers that also se" gas through the plpelme

A contract that purchases 8 quantlty of proven or devaloped qas reserves. The
resorves may requnre additionsl development before’ they can be delivered to the

- ‘customers. The réserve purchase contract may be in the form.of a joint ventura

among a set of parties.

A forward contract is a contract to buy @ quantity of natural gas at a specific -
location on a prespecified future date. Futures contracts are a type of forward
contract that is publicly traded on the New York Mercantile Exchange (NYMEX). An
options contract is the purchase of the right (but not the obligation) to buy a
quantity of gas supply for a prespecified period at a prespecified future price. Swap
contracts allow the exchange of gas contract terms between two parties without
necessarilv 8 trado of physica! assets.

Utllltles can mako advance arrangoments via contracts or tariffs to buy gas supply

' or gas capacxty frorn certain firm customers to meet the needs of other firm
customers dunng periods of high demand. A ‘variation of customet buyback is
known as-a “BTU” contract where an alternative-fuel-capable customer agrees to
be curtailed at the utility’s discretion. The customer is reimbursed for the difference
botwaon the delivered price of gas and slternstive fuel avmlsble to the customer.

“control necessary transportation rights? (3) does the supplier have adequate “back office”
resources (personnel and information and control systems) to respond to changing
conditions such as last-minute nomination changes? and (4) what is the ﬁnanc1al strength
and reputation of the supplier? These reliability concerns are reflected in long-term
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supply contracts via penalty provisions, warranties, or early termination provisions if the
seller fails to deliver. Although most firm contracts will have some sort of force majeure

~ clause that will excuse the seller from performing because of unexpected events that are
beyond the seller’s control, the firmest contracts will have very narrow force majeure
terms. With penalty or early termination provisions, buyers are financially compensated
in the event a supplier does not perform.. Under warranty provisions in firm contracts,
suppliers warrant performance under ‘the contract with their entire resource
base—essentxally waiving supplier force majeure ‘térms.

Most firm contracts ‘provide for revenue stabxhty, whlch is valuable from the seller’s
perspective, by. placing incentives in the contract to keep load factors high via a fixed
‘payment -obligation, a minimum-take :provision; or a gas inventory charge (GIC).!

- Although these specific clauses vary in their mechanics, all discourage the buyer from
deviating from the nominal volume terms of the contract. Because load factors are low
for many LDCs volume flexibility is an essential element of firm contracts but is likely
to come at a price because of the seller’s desu'e for revenue stability.

Some firm contracts, especially those.of less than one year’s duration, simply spec1fy a
fixed price. Longer-term: firm contracts are likely to have more complex pricing
formulae. Many firm contracts: are “indexed to spot prices but with significant
embellishments. First, the contract may . specxfy a premium or a discount from spot
prices. Second, spot prices may be part of a formula that dampens fluctuations in the
contract price relative to spot prices or combines a spot index price with other indices,
such as alternative fuel prices or inflation indices. Besides initial price determination
rules, long-term contracts often include conditions under which price can be renegotiated
and any 1nd1ces readjusted

; The Future Role of Pipéline Supply SeMces

Pipelines were the traditional source of gas supply for many LDCs. With the Federal
Energy Regulatory Commission’s (FERC’s) Order 380, LDCs were no longer required
to meet pipeline minimum bill obligations and began to take advantage of low-cost
supplies that became available in the spot market. This trend accelerated with the passage
of FERC Orders 436 and 500 et al.,, which encouraged the availability of
nondlscnmmatory transportation services. Despite the availability of transport-only
services, many LDCs still relied on pipeline supplies to meet their firm customers’ needs

! Take or.pay charges are another way to insure volume/revenue stability although this term is no longer
common]y used in new gas supply contracts. GICs were originally FERC-regulated supply inventory rates for
gas held by interstate pipelines. It appears that the term GICi is being carried over mto deregulated gas supply
contracts at least in some mstances
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during peak seasons. FERC Order 636 deregulated the gas sales operations of the
regulated pipeline companies. . As a result, pipelines have (1) negotiated gas supply
- contracts with their customers on a deregulated and unbundled basis, (2) sold or assigned
- gas supplies to an affiliated LDC or marketing company, (3) bought out or otherwise
- terminated gas supply contracts with producers, or.(4) sold or assigned gas supply
contracts to independent marketers. Any gas sales subsequently made to customers via
- options: (1) and (2) are subject to the FERC’s existing rules regarding standards and
conduct and reporting requirements between pipeline operating divisions .and their gas
marketing division or affiliate under FERC Order 497 (Federal Energy Regulatory
~.-Commission (FERC) 1988). To facilitate the transition to an unbundled pipeline industry,

. the FERC will allow four different kinds of prudently incurred. costs. to be considered

-transition costs and to be recovered by the pipeline through its transportation rates: (1)
--unrecovered PGA balances, (2) gas supply “realignment” costs, (3) stranded investments,
-~ and_(4) new facility costs necessary for implementing the rule.? In -the  post-636
environment, supplies from the affiliated marketing arms of pipelines will not be very
- different from supplies available in the competitive marketplace. Pipelines are required
to offer supply service at deregulated rates before selling gas supplies to other parties.
Some LDCs are choosing to buy gas from the pipeline while other LDCs. have ceased
. sales transactions with their pipelines and are now negotiating with producers or

marketers. for firm gas supplies. S R ‘, ,

~ Although the pipeline merchant function is deregulated and diminishing, pipelines wil
-still offer a limited supply service in the form of balancing services. First, pipelines are
.required to provide no-notice transportation service to customers;who took bundled city-

B gate services as of May 18, 1992. This service is technically a transportation service, but

‘because it allows a pipeline customer to transport gas from the pipeline without advance
notice, pipelines providing.the.service will have to-have gas supplies on hand until the

o customer replaces the taken gas with its own. Second, some pipelines will offer balancing

tariffs, which allow-customers.to pay for the right to be out of balance by a certain
amount.every month. Third, pipelines have imbalance tariffs and scheduling penalties to
charge customers a premium price for gas consumed on an unscheduled basis and
reimburse customers (usually at a discount) for gas supplied on an unscheduled basis.

It is FERC policy to allow pipelines to recover 90% of prudently incurred transition costs via firm
transportation reservation rate surcharges and 10% via interruptible rates. Gas supply realignment costs were an
important issue addressed in FERC Orders 500 and 528 (FERC 1987 and 1990) . The FERC’s allocation of
these realignment costs, mostly take-or-pay buy-out or buy-down costs, required pipeline shareholders to absorb
a portion of the transition costs. According to the FERC, the Order 500/528 allocation rules will remain in
effect until pipelines are in full compliance with Order 636.
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Futures and Other Types of Financial Gas Contracts

Financial gas contracts are an increasingly popular resource option to gas buyers. Most
financial gas contracts are considered to be derivative contracts; i.e., the value of the
contract is derived from prices in one or more primary commodity or financial markets.
Futures and options contracts have emerged as the' most well-known forms of financial
‘gas contracting. ‘A futures: contract is a standardized type of forward contract that is
- publicly traded. A natural gas futures market has been open on the New York Mercantile
Exchange (NYMEX) since April 1990. The market allows a party to buy or sell multiple
contracts of 10,000: MMBtu' each of natural gas for delivery at the Henry Hub of the
* Sabine Pipelinie Company in Louisiana up to 18 months into the future. “Open interest,”
* - the number-of outstanding contracts'at'a given point in time, has grown steadily since the
- market’s - inception -and averaged more than 2,000 ‘in 1992 ' (Energy - Information
" Administration (EIA) 1993c; Mitchell 1993). The seller of a futures contract is obligated
to provide the ‘gas'at Henry Hub at the future date but, as in other commodity futures
- markets, many of the ‘contracts are sold before the future date so only a fraction of the
outstanding contracts ultimately result in a physical delivery. The futures market provides
two valuable functions from the perspective of gas utilities and consumers: (1) it provides
a pnce discovery function (i.e., futures prices represent -current expectations of where
prices are heading) and (2) futures contracts -and related ‘options contracts allow buyers
and sellers of gas to protect themselves from unfavorable: priée changes. By buying or
selling in the futures market, one can lock in a partmular price up to 18 months before
delivery’ begms Figure 4-1a compares unhedged-prices to contracts purchased on the
- futures’ market: The futurés contract at $2.20/MMBtu is represented as the horizontal
‘line. The “45 ‘degree” line shows the price that would be paid if a buyer bought gas in
the spot market rather than buying a futures contract for delivery up to 18 months into
the future. ‘With a futures contract;’ the buyer would: take the gas at the $2:20/MMBtu
contract pnce regardless of -subsequent spot market pnces Options “contracts allow
-flexibility in price hedging. For example, a buyer of:gas worried ‘about pnce run-ups,
could 'buy call options for purchasing :gas “at a prespecified “strike” price for a
prespecified time- period in case future prices eventually -exceed the strike price.
Similarly, a seller of gas, worried about price drops can buy put options contracts, which
guarantee a floor price. Put and call options contracts can be combined into “fences” or
“collars” that provide a price ceiling and a floor (see Figure 4-1b).

Although the futures market is a useful tool for managing gas price risks, the market has
several limitations:

e Contracts-are available only 18 months into the future so the NYMEX futures
market does not ‘provide a way to manage longer-term price risks. ‘



Figure 4-1. Examples of Gohtracts Available on the Futures Market
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° The market does not explicitly address risk associated with demand
variability. Parties that hold futures contracts on the contracts closing date are
obligated to buy or sell. In contrast, nonexchange-traded long-term firm gas
contracts may have provisions that allow the buyer greater volume flexibility.

° Closing futures prices have not tracked spot prices as well as would be
expected in an efficient market (Energy Information Administration (EIA)
1993c). Closing futures prices for a given month have generally been higher
than spot prices for the same period. Although the difference between closing
futures and spot prices may shrink, it is a potential inefficiency in the current
market.’

° The futures market depends on speculators to make it liquid. Although they
- are essential to a proper functioning futures market, speculators can add
volatility to the market, which can make regulators reluctant to allow LDCs

to directly participate in the market. '

Regulatory structures that facilitate or allow for LDC participation in the futures market
are discussed in more detail in Section 4.2.4. In two cases where a specific incentive
regulatory program has been proposed or adopted, LDCs have proposed to enter the gas
futures market (Henken 1993; New Jersey Natural Gas Company 1993).

Other types of financial gas contracts are being written in addition to the exchange-traded
futures and options contracts. Because of the desire to mitigate price risks to a greater
degree than can be provided by the exchange-traded markets, LDCs and other gas buyers
consider entering into nonexchange-traded (also known as over-the-counter) financial gas
contracts. Over-the-counter gas financial contracts may be written more flexibly than
exchange-traded contracts; in' particular, they can be written to address risks more than
18 months into the future. ‘An example of an over-the-counter financial gas contract is
a multi-year forward options contract that allows a buyer to purchase of natural gas at
a market price that is capped at the buyer’s alternative fuel prices. The buyer may pay
some fixed payment in return for being indemnified if the market price of natural gas
rises above the alternative fuel price. Swaps may be considered as another example of
an over-the-counter contract; in them, two parties essentially trade part or all of the
financial obligations of their gas supply and/or capacity contracts. For example, a party
holding a gas purchase contract that is tied to the spot market may trade its pricing terms
with a party who holds a fixed-price contract. Usually, the risk-taking party will enter
the transaction in return for a premium payment; thus the risk-taking party accepts higher
price volatility but lowers its expected cost of gas.

? This potential bias is not reflected in the examples presented in Figure 4-1.
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4.2.3 Portfolio Construction and Risk Management

There is general consensus.among industry participants on the overall goals of LDC gas
supply planning. An LDC chooses a mix of gas supply resources to best meet the needs
of its sales customers. For firm customers, supply reliability is a paramount goal.
Meeting that criterion at the lowest posmble cost is important, as is cost or pnce stability.
For nonfirm sales customers, reliability is important but secondary to price. Nonfirm
customers tend to have more heterogeneous needs, so specific supply contracts that vary
with respect to rehablhty and pricing terms are useful in meeting their needs. LDCs are
respon51ble for acqumng gas supphes to meet all these goals.

fthle it is. possxble to: artlculate these goals 1t is not possible to prov:de prescnpnve
rules or methods for bmldmg a supply portfolio because each LDC has a unique set of
available resources and a unique set of customers with. preferences regarding, reliability,
price, and price stablhty Further; uncertainty. . makes trading off different supply
attributes difficult; it is only possible to.identify major strategies used to plan gas supply
portfolios. The first major: strategy employed by LDCs is. to rely.on a portfolio of gas
‘supplies that is diversified with respect to gas supply owner, term of contract, and, if
possible, supply basin-and transport ‘facility. The second major strategy is for the LDC
~to manage the load shape of its customers by aggregating customers, setting up voluntary
~or mandatory curtailment provisions, acquiring storage, and acquiring peak-shaving
facilities. These key themes of portfolio construction and load shape management are
discussed further below.

Gas Supply Dzverszty

- For reasons a]ready noted contract dlversxty means that a gas utlhty s supply portfolio
“includes more than just pipeline sales gas and spot gas contracts. Some LDCs have
articulated guidelines for determining the mix of short- and long-term contracts in their
. portfolio. For example, these LDCs strive to enter into enough firm gas contracts to meet
peak-day conditions plus a possible reserve margin (Peoples Gas Light and Coke
Company 1991; Washington Water Power Company (WWP) 1993). Although use of
storage or peak-shaving equipment is used to lower the peak-day requirements, ultimately
some upstream planning demand is set and contracted .for. Firm contracts usually have
terms long enough to cover the next winter, and many utilities consider long-term
contracts because they believe these contracts improve reliability, provide price certainty,
and/or reduce transaction costs. LDCs seem reluctant at this time to enter into contracts
with durations longer than three to five years given uncertainty over cost recovery (see
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Section 4.2.4).* Although LDCs are seeking a high percentage of firm contracts in their
resource mix, they also strive for take flexibility to allow for periods of slack demand.
Gas utilities usually strive for enough volume flexibility so that they do not incur GIC
or minimum-take charges in an average- or warm-temperature year. LDCs look for
~ additional volume flexibility so that they can take advantage of the spot market during
periods of low prices. As already noted, volume flexibility usually comes at a price, so
- LDCs must balance cost premiums with the future potential benefits of take flexibility.
For interruptible sales customers, LDCs will usually acquire shorter-term, nonfirm
contracts. If an LDC had confidence that a certain block:of interruptible demand would
exist at all times except for times of curtailment, it may aggregate that demand with firm
demands and contract for longer-term ﬁrm supphes. TR '

Some participants in the mdustry have a very dxfferent phxlosophy than descnbed above
for determining contract mix. An emerging view is that shorter-term supplies without
exphcxt reliability clauses, such as-spot contracts, can be a part of the peak-day supply
- mix of the LDC, even forfirm customers (Hatcher and Tussing 1992; Tussing 1993).
In a competitive market, buyers should face no impediments when purchasing gas
supplies, even in periods of high demand; that is, there is not a reliability risk in relying
on spot contracts. There is only price'rﬁsk. If the prevailing ‘market requires premiums
for the contracting of long-term firm:supply relative to spot gas, some argue that those
~premiums: may not be worth:the cost (Sutherland :1993). As an example of this
philosophy; the California PUC recently issued a policy statement essentially putting the
burden of proof on the LDC to justify any long-term contracts that come at a price
premium (California Public Utilities Commission (CPUC) 1992b) ~

Although there is considerable controversy over the role of long-term firm contracts in
LDC supply portfolios, the controversy does not appear to be over whether long-term
contracts have a place in a LDC’s supply portfolio. Long-term contracts save on
transaction costs, and as long-standing buyer-supplier relationships are common in other
- industries, it is reasonable to think such relationships will re-form in the natural gas
industry. The one controversial issue appears to be whether long-term contracts will be
~sold at a premium or a discount over spot gas. It is commonly understood that long-term
contracts provide reliability and price stability to the buyer. Long-term contracts also
provide revenue stability to the seller; and such revenue stability’ can allow for greater
leveraging of supply assets and higher equity profits to the producer. Thus, all other
things being equal, gas producers may be willing to provide ‘a discount for a long-term
~contract with high minimum-take or GIC provisions. The ultimate premium or discount

 Owners of nonutility electric generayuon'projects appear to be the biggest buyers of long-tefm contracts.
Contracts with durations of 15 years or more have been signed, often as a way to facilitate the project’s
financing.
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for long-term contracts will be best determined in a competitive marketplace. From a
policy perspective, it is more appropriate for PUCs to allow market forces to determine

~ ultimate price relationships rather than to accept assertions that term premiums are
positive, negative, or zero.

LDCs also consider diversifying with respect to factors other than contract term.
Diversity with respect to geography is important because it tends:to improve reliability.
Well freeze-ups or hurricanes in -one: area- may not:affect another area. Geographical
diversity also improves the LDC's competitive: position: - the LDC is not captive to
suppliers from a particular region. Even if geographical diversity cannot be achieved
because of unavallablhty or expense-of facilities that connect to alternative supply basins,
~diversity in ownership is also valuable; it means. the LDC is-not captive to any one
. producer or pipeline and reduces the risks associated with a particular -supplier having
financial problems. Diversity can be sought both-at the time of selicitation and-from the
~time that delivery of gas is taken. One of the advantages of competitive bidding is that
the LDC can consider offers from a large number of potential suppliers:(see: Section
4.2.4).

Managzng the Producer Load Shape

5 'Average load factors for gas LDCs are low In 1991 re81dent1al load factors were 45%.
" The load factor for all sectors (residential, commercial; -industrial, electric utilities) was
67% -(Energy Information Administration (EIA). 1993b). In. addition,: temperature-
sensitive loads of firm'customers vary greatly from winter to winter,- makmg load factors
~ “for planning purposes: even lower. Contracting for a:low-load-factor load in: isolation
+.requires acquisition of wellhead-and pxpelme icapacity. that. will be poorly utilized. In
general, a gas buyer:can get better price terms. by buying at.a hlgh 1oad factor.

LDCs can do several things to improve their buying power with producers despite the
fact that many of the end uses or customer classes served by LDCs have low load
factors. First, LDCs can diversify demand among different groups of customers before
seeking gas supplies: the loads of low-load-factor customers may be combined with
interruptible customers or customers that have counter-cyclical loads. For example, firm
heating loads can be combined with interruptible loads or with electric generation loads.

LDCs can perform this aggregation function or groups of customers: can band together
before entering into supply contracts. Also, smaller LDCs can benefit by.teaming.up with
other LDCs on the same pipeline to reduce transactions costs and, possibly, improve load
factors. Of course, 'when two different types of customer groups are combined, cost and
risk allocation issues need to be considered. For .example, if an LDC combines
residential and commercial loads with industrial loads; and subsequently must pay a GIC
or minimum-take charge because of reduced industrial load due to bypass, there is an
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unforeseen cost that must be absorbed by either the remaining sales customers, LDC
shareholders, or, possibly, the industrial customer who left the system.

Second, the LDC can use storage or peak-shavmg facilities. Such facilities are discussed
in more detail in Section 4.3. :

‘Third, PUCs and LDCs can develop customer buyback arrangements. Many states

 already have mandatory curtailment provisions; and. the terms Jirm and interruptible

generally separate the highest priority customers from lower priority customers. In fact,

however, customer value of service exists ovér'a wide range and'many PUCs are moving

- to voluntary curtailment provisions. Customers who are interruptible by default are given

the optionto buy firm or‘near-firm service if they wish. One way to improve the range

- of services offered and to improve LDC load shapes is to have LDCs enter into contracts

~+ with customers’with firm or near-firm rights but be allowed to curtail them in certain

+periods ‘of high demand. These contract-may specify: compensation to the customer in

7 return for curtdilment. The gas utility improves itsload shape as'a result, and no party
“is involuntarily curtailed. -~ o - o~ RERE

4.2.4 Regulatory Oversight of LDC Supply Portfolios

As the range of gas supply options increases for gas utilities, PUCs may need to re-
- evaluate their regulatory framework for the review of gas supply portfolios: Because gas
- -supply-purchases account ‘for such alarge proportion of an LDC’s average rate, PUCs
-~ have a ‘particular interest: in ‘reviewing ‘a utility’s gas- supply planning and purchase
*- practices. Four general regulatory approaches for reviewing gas supply portfolios are

discussed although none are mutually exclusive: (1) reasonableness reviews, (2) portfolio
~ preapproval, (3) incéntive mechanisms, and (4) deregulation. Table 4-2 also provides a

descriptionof the approaches with respect to key policy attributes. L

Reasonableness or Prudence Reviews

-~ Almost every PUC in the U.S. has allowed LDCs to set up a fuel offset or purchased gas
‘adjustment (PGA) account to improve, compared to traditional rate cases, the LDC’s
~ ability to recover gas supply costs (Burns et al. 1991). PGAs allow for more frequent
revisions of rates to adjust for changes in gas supply costs. Most PGAs allow for “truing
-~ up” of forecast and actual costs, which substantially redices LDCs’ risk for recovery of
- supply.costs. In response to this risk shift, many PUCs conduct audits or hold hearings
-to “review  the reasonableness of utilities' purchases. If utilities are found to be
'unreasonable, some portion of the cost of the ‘purchases ‘may be disallowed recovery in
rates. The reasonableness review approach has the advantage of allowing PUCs to review
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Tab-le 4-2. Approaches for Review of LDC Gas Suppiy Pureha‘Ses

‘PUC Oversight ~~ -Ability of Abbr‘oa'ch to Adapt

+Regulatory - .. ..:Proactive . to Changmg Market -
~Approach- Y ' o Reactuve? 3 A Condmons
Reasonableness ° ﬁééé{ivé ® Low, unless PUC comm:ts
Review i h E toa hlgh level of staff
: : ‘ ' resources
Preapproval @ Proactive @ Medium (preapproval of -

specific contracts)
@ High (preapproval of
contract mix only)

Incentive Regulation @ Proactive @ High, until conditions
' ichange so much that mdex is
no.longer fair

Deregulation ® Oversnght is e High
" ~ relinquishéd until PUC
‘decides to re-regulate

utlhty decxsxons before ratepayers pay the full b111 Reasonableness rev1ews reduce an
important asymmetry of information that exists between a utility and its regulator. The

- regulator can never hope to.have all the information that the utility has on an ongoing

basis. In an ex post environment, however, the PUC has enough time to get all:the facts
it needs to review the reasonableness of a gas utility’s supply portfoho Reasonableness
reviews, although generally unpopular, have been effective in catching or preventing
. large errors made by LDC managers. As PUCs have improved their audit and analysis
-_capabilities, reasonableness reviews -have become more comprehensive and have been
cited as.causing inappropriately risk-averse behavior on the part of LDCs. Some analysts
have argued that LDCs, in an environment of intense prudence reviews, .begin to
_ purchase gas not to meet the overriding goals of reliability, cost, and cost stability, but
rather purchase gas in ways defensible in a reasonableness review (Pocino 1993).
Although PUC:s can continue to use reasonableness reviews in a post-636 world, the job
of reviewing reasonableness will become more complex as the range of utility options
.. increases. LDCs and producer interests are likely to claim that reasonableness reviews

in a post-636 world impede LDCs from making the best gas purchases. However,
‘regulators will be reluctant to remove after-the-fact reasonableness reviews because their
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regulated utilities that have heretofore been protected and many will not have a proven
record of operating in competitive gas markets. o

An alternative to the reasonableness review approach that is somewhat more forward
looking but does not require express preapproval by PUCs is the use of informal
meetings between LDCs and regulators to discuss' gas procurement decisions in advance.
Such processes allow the LDC, the PUC, and PUC staff to exchange information and to
understand each party’s thoughts and considerations. In such a process, the PUC still
retains its rights to conduct reasonableness reviews at a later date. PUCS in California,
Hlinois, Ohio, and New York have used this approach in the past and, for some states
and in some cases, it has helped eliminate contentious reasonableness review
proceedings. S SR

Preapproval and Competitive Bidding

An-alternative or supplement to reasonableness reviews is the use of regulatory
preapproval. Any LDC can consider preapproval as a regulatory approach but PUCs that
expect to adopt specific LDC integrated resource plans (see Section 2.5) must decide
whether and how far the preapproval of the plan extends into the gas procurement area.

In the preapproval approach, an LDC files a procurement plan and, possibly, a set of
specific contracts for preapproval. The procurement plan, specific contracts, or both are
subjected to hearings and are ultimately approved, approved with modifications, or
~denied by the PUC: ‘With preapproval, utilities are-not subject to ‘the same ‘degree of
regulatory risk as is the case with the reasonableness review approach. If the PUC has

~ “a preapproval process, then the LDC is: held responsible only for the way it executes the
plan or the way it responds to new situations not foréseen in the plan. If'the utility has

. 'preapproval for specific contracts, then it is at risk only for review of the management
of those contracts. Utilities can also be atrisk if they intentionally misrepresent their

~ supply alternatives in the preapproval process. - S e

Although "competitive bidding is not an approach to regulatory review, it can be
particularly helpful in facilitating a preapproval process. The use of competitive bidding
by an LDC can reduce the PUC’s regulatory review dilemma because bidding relies on
competition, rather than utility management actions, to find the best possible price for

- each type of gas supply contract. Bidding, in conjunction with preapproved market shares
for short- and long-term contracts, has been proposed by Jaffe and Kalt (1993) as a
-workable approach to preapproval. Public bidding for spot gas is common, but public
‘bidding for long-term contracts (as envisioned by Jaffe and Kalt) is less common. Even
“if it were used more frequently by LDCs, ‘bidding would not be simple because many of
the desirable attributes of a long-term contract, such as bidder reputation or supply
reliability, need to be evaluated along with the bidder’s price. Moreover, LDCs may
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request confidentiality for many of the contract terms, mcludmg price terms, which
further complicates the process of regulatory preapproval. - :

Incentive Regulation

- Incentive regulation attempts to harmonize the least-cost goals of the Tatepayer and the
profit motives of the LDC. Incentive regulation often does this by i mcreasmg the financial
incentive for the utility to reduce its costs, usually by decouphng prices from costs via
an external cost index. Because of the financial incentives it offers the utility, incentive
regulation usually eliminates the need for retrospective reviews of utility gas purchasing
decisions. Sustained or increased oversight of the LDC’s service reliability is usually
necessary.by the PUC to make sure an LDC does not improve financial performance by

. degrading quality. - , : : : :

There are several ways that incentives.can be used as a substitute for(,traditional
regulation of gas LDC procurement decisions. First, PGAs could be eliminated and the
.gas commodity portion of rates would be set in rate cases. This form of .intentional
regulatory lag would give utilities an incentive to minimize gas. purchase costs between
rate cases. Second, PGA mechanisms could be retained, but “true-ups” would occur only
for a ﬁxed portron of the utlhty s purchased gas costs. Thus, the utility - would have a
a mechamsm in which the utility was at risk for 20% of deviations in the PGA account
has been used in Oregon (Burns et al. 1991). Third, incentives based on indices could
be used as benchmarks for setting rates. If:a utility’s costs are lower than a chosen index,
it can keep a portion of the savings. Conversely, if purchased gas costs are hlgher,
ratepayers are at risk for only a portion of the shortfall (Harunuzzaman et al. 1991).
Such a mechanism has been proposed by economists for some time and has recently been
~adopted by the California PUC for San Diego Gas and Electric Co. (California Public
Utilities Commrssxon (CPUC) 1993) ‘The challenge w1th mdexed—based incentive
mechanisms is in developmg the benchmark formula. The nmajority of pubhcly-avarlable
gas pnces are for. .spot transactrons and many LDCs would balk at bemg held to a spot-
only. price standard when they are trymg to achleve a high degree of rehablhty
However, there are ways to address this. problem For example, it is possrble to set the
index as a ﬁmctzon of spot prices rather than exactly equal to spot prices. It is also
possible to use the gas costs of similarly situated utlhtles in the index formula.



Deregulation of Gas Procurement

4.3

4.3.1

Another approach to regulatory oversight of LDC procurement activities is to rely on
competition via deregulation. Deregulation reduces the need for regulatory oversight of
LDC’s gas purchases as fewer customers rely on the LDC for procurement services. For
customers who purchase gas from the LDC but have the option of transporting their own
gas, it may make little sense to have a PGA or to review the LDC’s procurement
decisions. Instead, the gas utility could be given the option to quickly change prices with
no PUC approval. The’gas utility would have the discipline of the marketplace to keep

its prices low and service reliability high.

It is generally acknowledged ‘that there are limits to how far custorier-owned

transportation will extend. Thus, there ‘are limits on how far deregulation of LDC

~ procurement activities can go before the risk of LDC’s abusing their monopoly power

becomes large. Recent evidence indicates, however, that transport-only service may be

- feasible for more customers than was once believed. The term core customers was first
- coined to identify customers who want vertically integrated services from the LDC. The
- definition of core customers has required revisions in recent years as 'many smaller
~industrial and larger commercial customers have become ‘transport-only -customers via
- aggregation programs. Even smaller customers, ‘such as schools, churches, and fast food

restaurants have participated in self-procurement programs in California and in Toronto,

~Canada (Lemon 1993). If such aggregation programs become sustainable; PUCs may
- have reason to further diminish their regulatory oversight of LDC procurement practices.

‘Planning for the Expansion of Capacity

Overview

This section focuses on the capacity expansion process, which, in this discussion, is

defined as the process of chioosing facilities that deliver gas from the wellhead or pipeline

intake to the LDC’s local transmission and distribution (LT&D) system. LT&D planning,

while an important part of an LDC’s overall planning, is not discussed because of space

constraints in this chapter. Most facilities considered in the capacity planning process are

expensive and long-lived; thus, attention to resource planning is warranted. This section

describes the major capacity options and discusses simple and complex planning methods.

Issues that are highlighted include: methods of screening resource options, consideration -
of storage resources as an alternative to pipeline supply, treatment of bypass in capacity

planning, and the “build-versus-buy” problem.
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Table 4-3. Overview of Gas. Capaoity Options

Option -

“Description/Features

_.Notice”- Service

Liquified -‘Natural
Gas {LNG)

Customer Buyback

Pipeline Firm Firm transportation service is now sold on an unbundled basis. Firm
Transportation transportation may be acquired when a sales customer converts
: : ' contract demand .quantities:to firm transportation capacity, through
rthe reservation of existing or new capacnty held by the pipeline, .or
through short- or Iong-term release contracts
- Pipeline “No For. pipeline customers who took bundled city-gate service as of May

18, 1992, pipelines will be required to-provide °no-notice” service as
part of tariffs in compliance with FERC Order 636. No-notice service
is techmcally a transportatron servrce-—customers can take gas at

“their delivery point in excess of their scheduled quantity without

advance notice .up to the:MDQ in their service agreement with the

pipeline.- Customers are ultimately responsuble for arrangmg the gas

SUDD'Y

Pipeline - * Interruptible transportation does rot provide any firm capacity.

interruptible : e : o DL T M

, Transportation

,Stor‘ag"e" ' ‘,'Storage is used to balance the’ system on a dally basrs, provude peak-

. season capacity, and -provide capatity: on an:extreme peak day. -
Because of volume constraints, :storage-is not: appropnate as. a year-
round_ source of capacity. Ava||ab|||ty of underground storage is.:
lrmlted to certam geographlcal areas '

Propane-Air Propane-arrsystems are:smaller systems built near load centers used

- primarily .to meet peak loads. Propane a’i,r,systerns -are- primarily:
limited to areas where underground storage is unavailab!,e,

LNG provides ‘a similar function to ‘storage in areas that do not have
natural storage resources. LNG facilities built in conjunction with
marine terminals can use imported LNG supplies.

LDCs can make or facilitate arrangements via prearranged contracts
or-tariffs to buy gas and/or gas capacity rights from certain firm
customers to meet the needs of ‘other firm customers during periods
of critical demand. '

4.3.2 Opnons for Providing Gas Deliverability

Gas LDCs can provide in several ways for capacxty thhm thelr service territories (see
Table 4-3). Interstate plpehne capacity and storage capacity are the two most common
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sources of capacity, and propane-air and liquified natural gas (LNG) systems have also
provided capacity in certain areas. LDCs that have supply resources in their state also
rely on intrastate plpelme capacity.

New Ways to Contract for Capacity: Capacity Release and Buyback Programs ‘

Although the physwal means of. prov1dmg capac1ty has not changed much in recent years,
the ways that LDCs can contract for the capacity have changed. A vivid example of a
new way of contracting for capacity is the option of acquiring it on a secondary market
- through the capacity release program allowed for in FERC Order 636. All pipelines are
- required to set up a capacity release system so that firm' customers (releasing shippers)
may sell (release) their capac1ty rights in a secondary market. The program supersedes
earlier attempts at creating -secondary markets via. brokering and buy-sell programs.
Unlike these earlier programs, all secondary transactions are controlled by the interstate
‘pipeline and are subject to FERC oversight. A firm- “capacity holder may release its
capacity for any term up to the term of its service agreement with its pipeline. The
releasing shlpper -may..come to_the pipeline with a prearranged deal or may publicly
solicit bids via the pipeline’s electronic bulletin board. There is considerable flexibility
in how the release contract may be written so long as the terms of the release are
nondiscriminatory; i.e., other _prospective shippers have a fair opportunity to bid on the
same - release contract. Release contracts will go to the highest bidder subject to the
FERC-approved-maximum pipeline rate for firm service. Also, prospective shippers in
prearranged contracts have the right of first refusal to match any competing, higher bids.
The releasing shipper is still liable for the full reservation charge and any reservation
- surcharges-associated with its release contract should the buying shipper fail to pay on
its release contract. Thus, the creditworthiness of any prospective shipper is an important
factor from ‘the point of view of the releasing shipper. As a result, many pipelines are
attempting to establish reqmrements for determmmg the credttworthmess of prospectxve

shippers.

From the perspecnve of resource planning, the advent of a secondary market for firm
transportation capacity allows for planning flexibility. LDC planners can now assign a
value to an- exxstmg capacity resource rather than simply treat it as a sunk cost for the
life of the service agreement associated with the resource. Planners can make forecasts
of the market price of the release capacity and consider alternative capacity options, such
-as storage, that may.be more economical than. holding onto existing pipeline capacity.
Given the move to straight-fixed variable (SFV) pipeline rate design, such options are
being seriously considered by LDCs. Figure 4-2 provides an example of how one LDC,
Washington Water Power Co., expects to release its firm capacity on a seasonal basis.
The biggest difficulty in consxdermg capacity release as a resource option is that it may
be very dlfﬁcult to forecast the pnce of released capacity. As long as it is likely that
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Figure 4-2. Potential Releasable Capacity in a Year: W.ashington'Water
Power Co. ‘
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-, 'thc‘:re‘ 1s some valué  to'< the ”pipeline capacity ina rélé_ase market, howye;c;r',“ LD,Cs should
evaluate the need for the capacity and consider whether there are options -cheaper than
pipeline capacity that provide the equivalent. amount of capacity. i

~Another contractual option for the acquisition of capacity is customer buyback contracts.
. Under buyback programs, LDCs facilitate arrangements in which certain firm customers

acquire the right to buy back capacity and supply from other firm customers during times
of peak demand. Buyback programs have been developed in California where the
investor-owned LDCs will, under extreme conditions, divert sales gas and transportation
gas (and the capacity that goes along with it) from firm noncore customers to firm core
customers (California Public Utilities Commission (CPUC) 1991; California Public
Utilities Commission (CPUC) 1992c). ' '



4.3.3 Methods for Screening Resource Options

Gas utility supply resources have fixed- and variable-cost components. The optimal mix
of resources is often found by trading off the fixed charges against the variable costs.
The optimal resource for a particular customer or set of customers depends on load factor
or degree of utilization. Many LDCs will either formally or informally conduct a
screening analysis of supply-side resources using supply-51de cost data and an LDC load
duration curve (see Figure 4-3 for an example) E

A load duration curve for the firm loads of a hypothetical LDC is shown in Figure 4-3a.
Daily loads (or sendout) are sorted from hlghest to lowest along the X-axis. Certain loads
are constant year-round and are referred to as base load. There is also a peak or needle
peak that represents the highest demand conditions. For a gas utility with temperature-
~Sensitive loads, the needle peak 1s based on > 1y conditions rather than
' ‘ ' nd_shoulder loads reflect

; of resources using
age reservoirs with

annual cost of operatmg one unit of capacxty of the dlfferent resource optlons at dlfferent
load factors. The annual fixed charge is indicated for each resource at the point where
its line crosses the Y axis. Where the curves of two resources cross on Figure 4-3b gives
~“anindication of the optimal size and load factor for a particular resource. Because
storage resources need to be filled, a particular storage-pipeline combination has a
 ‘maximum load factor ‘above which it cannot be used. Thus, the: screening line for the
~--storage-pipeline option has a cost “kink” at its maximum capacity factor. In this stylized
example, the propane-air plant is not optimal t6 run more than nine days per year. The
storage-pipeline resource is cheaper to run than a pipeline-only resource but only up to
' the point of its maximum capacity,’ appronmately 85 days: per year. For the remainder
~of the year, it is optimal to use pxpelme—only resources. Figure 4-3c shows the dlspatch
“of firm loads based on the screening curve analysis.

% Although not shown in the example, an existing resource may be screened against other alternatives by
setting the Y-axis intercept at the resale value of the resource. For example, the resale value of existing pipeline
capacity may be set at its estimated release price. Care must be taken to make sure the optimal size determined
by the screening curve mix is feasible for the existing resource.
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. Figure 4-3.. Scre_ening Curve Analysis for 3 Hypothetical Resource Options

a. lllustrative Load Duration Curve - Firm Loads Only
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For an LDC, the built-out load duration curve shown in Figure 4-3c shows how demands

- of firm customers are supplied on the LDC’s system.. Another useful representation of

the LDC’s load duration curve is the one seen by its gas suppliers. Such a load duration
does not include loads met by propane-air and incorporates the levelizing effects of
storage resources. Figure 4-4 shows the producer load duration curve that corresponds
to the example presented in Figure 4-3. At this point it is possible to ascertain the level
of service that can be provided to interruptible sales customers. For the stylized example

- presented, Figure 4-4 indicates a high degree of curtailment to interruptible customers.

Many LDCs may chose to acquire additional capacity to serve interruptible customers.®
If they do so, however, the cost of such additional resources will need to be recovered

- from interruptible customers because the screening curve analysis provides only an

4.3.4

estimate of the least-cost way of meeting firm customer needs.

The stylized screening Figure 4-4. “Upstream” or “Producer” Load Duration
analysis presented in Curve

Figure 4-3 and Figure
4-4 was intentionally
designed to consider a
limited set of
resources. Table 4-4

shows a somewhat | g

broader set of | & L

resources and indicates ) iP i e AT
the portion of the load 3 | .

duration curve for g | |FimsSales ////////

which they are most | fowing |

likely to be | Isupplies |
appropriate. .

Detailed Methods and
Issues in Expansion
Planning

Screening analyses are useful because they highlight the fixed-variable cost tradeoffs that
are at the heart of many resource planning decisions. Moreover, by estimating an optimal
set of resources for firm customers, the analysis provides an estimate of the default level
of reliability for interruptible customers. To make the analysis relatively simple,

¢ With the advent of unbundled pipeline services, interruptible customers could also improve their level of
reliability by acquiring upstream capacity resources on their own.
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Table 4-4. _Typical Screening of Gas System Capacity Options

Pipeline Firm , , . o :
" Transportation H Y Y 7 'Maybe Maybe
Pipeline No- R
Notice Firm
Transportation L - N N : N “ Yes
Pipeline
. Interruptible L Maybe Maybe . . Maybe No
. Pipeline o _— e
Storage - M "N N Yy Maybe
. Building: : ’ e ST ,
Storage M N N Maybe Y
-Propane-Air L N ‘N N Y.
-LNG Plant . M- N ~N N Yoo
Customer L R
Buyback L N N N Y

Notes: L, M, & H represent low, medium, end high, respectively.
Source: Adapted from Newrnan and Kaul (1982)

however certain complexmes are suppressed in: thc screemng curve. methodology

Transport—only demand is an- 1mportant component of many LDCs
throughput. Even though transport customers can be incorporated into a
screening curve analysis, the LDC does not control the commodity supplies
chosen by the transport-only customer and it may have little control over the
upstream capacity that is contracted for by the transport-only ‘customers.
Thus, an LDC’s planning for transport-only customers will be predominantly

limited to forecasting transport-only customer choices and estlmatmg the cost

1mp11cat10ns of these choices on the LDC’s system

The load duration curve suppresses significant year-to-year variation in loads
that are common on LDC systems. In any particular year;" the capacity

-utilization of a particular resource may be much higher or lower than the
~levels shown in the screening curve method. Similarly, the level of service

that can be provided to interruptible customers can show significant year-to-
year variation.
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® Load duration curves suppress the chronological variation in loads. Such

variation may be important because the costs of some supplies vary by season

and some resources can only change or sustain their output up to a limit. For

example, storage resources may be able to run at peak capacity only for a

- matter of days before inventory levels fall, causing pressures and withdrawal
capacity to drop.

° Optinial quanﬁties of resources estimated by the screening analysis may be
infeasible. Many resources come in fixed sizes and these constraints need to
be considered. ~

° Differing reliability of resources needs to be considered. .

° Screening analyses typically do not explicitly address uncertainties associated
with cost and availability. A complete analysis would attempt to quantify risks
and uncertainties in addition to quantifying expected costs.

More comprehehsive and detailed methods are required to harid'lef? these additional
complexities. LDCs typically perform more detailed analyses using one of two general
modeling techniques: (1) iterative simulations and (2) optimization models.

dterative Simulations

In the iterative simulation approach, the LDC uses rules of thumb or carefully chosen
assumptions to decide which resource to acquire next. Using an initial set of assumptions
~an:initial resource- plan- is simulated for a multi-year period. Although ‘a- computer
simulation model for annual dispatch may be used, the planner rather than the model

- articulates the LDC’s ‘capacity configuration. For many LDCs, the initial plan is built out
using existing capacity resources and incremental pipeline capacity. From the initial case,

- alternatives to the resource plan are tested. For example, a storage project may be tested
-and compared to incremental pipeline capacity. As:another example, an LDC may
- consider releasing or relinquishing capacity and letting transport-only customers acquire
~capacity on their own. Alternative plans are simulated until a balance is achieved among
particular indicators such as: total present value cost, curtailments, and the quantity of
fixed-cost obligations entered into. Although this method may seem ad hoc or imprecise,
it has advantages. For many LDCs, total growth in demand is not large, and many
~existing -resources are effectively sunk costs. Thus, the number of resource option
- combinations for meeting demand in the future is relatively small and can be articulated
without the aid of a detailed computer model. In addition, there may be considerable
uncertainty associated with many of the cost estimates, so the possible benefit of fine
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tuning relative shares of the resource options may be small compared to the associated
uncertainty of the resource plan’s total cost. >

Methods Uszng Opumlzatzon Models

' Optxmrzatron models are. detarled computer models that attempt to compute a least-cost

resource plan consrdenng the costs of resources, customer demand, reliability criteria,
and other relevant constraints. The goal of the process is the same as for the iterative

o simulations method except thata computer model is used to estlmate the LDC’s capacity
. conﬁguratlon rather than having the: capacity. conﬁguratxon set iteratively by the planner. .

4.3.5

Optlrmzatlon models may use simulation (internal to the model), linear programming, or
other optimization techniques to find a TESOurce _plan (solutlon) that best meets the
objective function. The objective function is usually specified as the total present value
cost of a resource plan subject to a reliability constraint (see Sectlon 3.8 for a list of
commeroxally avarlable optlmlzatron models). , o S

‘Issues in Gas Capacity Planning

In this section, several of the most 1mportant resource planmng lssues for LDCs are

discussed to provide insights into why more sophlstrcated LDC planmng methods are
often needed and why actual. plans are often revised frequently

‘Storage

- LDCs that, in a pre-636 world, received storage as part.of bundled pipeline sales service

will now have to.buy it on an unbundled basis along wrth plpelme capacity and gas

"”supply Thus, LDCs and dlrect consumers of the gas ptpehne system must now
_ reconsider the purpose of existing storage and consider. investments in new types of
storage. Storage has four general functions for LDCs: -

e Daily. balancmg 'LDCs move gas in and out of storage on an hourly and daily
basis to compensate for regular imbalances in supply and demand

e Seasonal balancing: LDCs increase load factors and minimize upstream
prpelme capacrty requirements by acquiring storage to meet srgmﬁcant

7 Pipelines will still retain some storage facilities to provide day-to-day balancing of pipeline transportation

services.



portions of peak-season loads Having storage is usually more economic than
relying on pipeline capacity alone. '

° Peak-day protection: During the months most likely to include an extreme
peak day, storage withdrawal capability is kept at a maximum. Providing this
capability usually requires a certain amount of extra inventory on handto
keep field pressures high. Once the possibility of a peak day has dlmmlshed
the gas mventory may be used for other purposes '

- ® ‘Economic benefits: Storage resources can be used for economic benefits in
~supply markets. Inexpensive’ gas supphes generally ‘available in off-peak
" jpenods can be stored and used in times of higher prices. Further, firm gas
““contracts can cost less if they can mclude hlgh take provrslons that are

b facrhtated by storage facrhtles

leferent types of storage systems | have dlfferent strengths and weaknesses in terms of
being able to provide the four general functions described above (see Table 4-5) (Duann
et al. 1990). Underground depleted reservoirs and storage from aquifers are generally
the cheapest types of reservoirs to develop. Gas in and out of these reservoirs flows
slowly, so if high deliverability is desired, many withdrawal wells must be developed or
- a large inventory of gas must be kept in the reservoir. Salt domes are more expensive

S fto develop than these-other two optlons but offer fast withdrawal capability, which makes
* them well suited for’ peakmg, daily balancmg and shorter-term cycling. Prpelme line pack

is a byproduct .of the* plpehne system. Tts inventory size is limited but is often an
important resource for daily balancing. LNG systems provide another storage option,
they are expensive but are not geographically limited like underground reservoirs. Thus,
they may be a viable storage resource where other options are unavallable B

“No definitive conclusions ‘may be drawn when' comparing the types of storage resources
- tostorage functions becaiise the ‘cost and avallabrlrty of storage varies by region, and
“every LDC’s load shape is different. The cconcept of “layering™ storage, where LDCs use
- more than one kind of storage resource to meet different storage functions, makes sense
for many LDCs (Bickle 1993). For example demand variations that require frequent
storage cycling may be best levelized using storage provided in salt domes while steady
‘winter season demand can be best supplied by depleted oil and gas reservoirs. An LDC
also will need to consider the location of the storage resource. Storage close to an LDC’s
loads provides extra reliability benefits and decreases the cost of pipeline capacuy

‘Storage located close to productlon ﬁelds or near major pipeline interconnections is more
‘likely to exist already, or, if new, is likely to be developed by multiple sponsors.

Therefore, storage in these locations is likely to be more flexible and/or come at a lower
cost. Although not near LDC load centers, storage near production areas or market
- centers can provide many functions, including the economic optimization of supply
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‘Tabl'e'y' 4-5, Typee of,StOrage Resources by Type of Reservoif Facility

_ Type of Storage : ~‘Features .

Depleted Oil & , . Inexpenswe to develop reservoir, limited to certain
- Gas Reservoirs = geographlc areas. Reservoir of permeable rock requnres many

' wells ora Iarge mventory to provsde dehverablhty

Underground .. . .- Same as above, may be.available in areas where depleted
-Aquifers : reservoirs iare not. Viability of aguifers as gas reservoirs
requires extensive testing.

Mined Compared to alternatives above, more expensive to develop.
underground Usually provides a high degree of cycling capability.
reservoirs
“{including salt
.-domes);

' Pipeline line pack  Amount of avallable lme pack generally hmlted depends on
- - pipeline conflguratlon

LNG = . 'Can be built in a wide range of ‘areas and, if built witha
RS w7 marine terminal, can take supplies from overseas. More -
costly to develop, higher running costs, safety :
consnderatlons , .

Source Duann et al (1990)

-, contracts, provided thzi_t sufﬁcient'dewnstteam, capecityz,is cdntrac‘ted for by the LDC.®

Scope of the Resource Plan

With the option of releasing or relinquishing capacity, LDCs have gained flexibility in
the way they contract for pipeline capacity. Such flexibility, however, raises issues of
scope for the planner. For many LDCs, the most likely buyers of released pipeline
capacity will be large customers of the LDC. Even if large customers of the LDC do not
~ bypass the LDC’s system within its service territory, they may choose to contract for
their upstream capacity rights independent of the LDC. Although LDCs, PUCs, and
customers should certainly evaluate the potential benefits of such capacity transfers, these

® A market center is an area where. many interstate pipelines meet that allows gas purchasers to choose
among multiple suppliers.
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transfers may have little impact on the total cost of gas facilities in an LDC service
territory because these transfers represents a cost shift rather than a reduction in total
facility costs.

Similarly, scope issues arise when an LDC considers terminating, or reducing the size
of a service agreement with a pipeline. If there is no market for the unloaded capacity,
it will end up as a stranded investment and may not Tepresent a cost savings from a
regional or societal perspective even though it may be pursued by the LDC to lower its
costs. Further, under FERC cost-of-service ratemaking, LDCs that unload capacity that
becomes stranded may face hlgher future rates when the pipeline attempts to recover its
stranded -costs from remaining customers (mcludmg the LDC) in a future rate case.

Ownership of Capacity: Buy versus Build

Most of the resources that provide deliverability are long lived. LDCs. make long-term
cost commitments when they (1) build long-lived facilities that have little resale value or
(2) enter into a long-term agreement to purchase a resource from an .independent
provider. Resources provided by’ mdependent suppliers with few long-term commitments
may not be “least-cost” in a static analysis but may be valuable from a risk management
perspective because they do not obligate the LDC to purchase the resource if conditions
change. For resources built near load center, there-may be no alternatives to having the
LDC construct the resource or commit to-it on a long-term basis. Pipeline and storage
resource options, however, will be more fungible. Existing pipeline capacity may be
Teleased or relinquished; new or exxstmg Ppipeline capacity may be purchased as part of
a bundled product from a producer or marketer; and storage resources constructed near
production fields or market centers may be built as joint ventures and sold in small
portions for limited terms. Prices for use of these facilities will be set more often by the
marketplace than by the regulator. LDCs need to weigh the flexibility of going to rented
resources against cost and reliability considerations.

IncorpOrating Porential Bypass imo ;the"ResOurce Planning Process

Sensitivity to potential bypass is an important consideration in utility resource planning.
~ In the past, bypass was limited to large customers who could burn alternative fuels. This
T bypass option still exists but is becoming limited in certain parts of the country because
‘of more stringent air quality regulations. Direct connéctions between customers and
~ interstate pipelines are another form of bypass. FERC Order 636 and other FERC
decisions have increased bypass pressures for many LDCs. FERC’s adoption of SFV rate
design, which effectively lowers rates to customers with high load factors, may make
bypass attractive to these customers to the extent the changes to SFV are not reflected
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in the LDC’s transportation rates.’ FERC Order 636 also allows for the pass-through of
transition costs to LDCs and their customers. Via bypass, industrial customers may be
able to avoid paying some of the Order 636-related transition costs that they will pay if

.' they stay on the LDC’s system.'® As customers bypass the LDC’s system, there is the

potential for stranded investment on the LDC system. Depending on how it is allocated,

~ stranded investment can raise the rates of remammg customers and can induce further
. LDC bypass. » e

Bypass considerations Ado not ’furidamentally alter the blanning precess.s Hewever;i bypass

increases uncertainty with respect to sales, throughput, and cost recovery. LDCs should

-consider the impacts. of higher-than-expected bypass before entering into any new, long-

| ~term resource commitments. Also, the rate impacts of any resource plan on rate-sensitive

4.4

4.4.1

classes has to be. carefully consxdered

Rellablllty and Contmgency Plannmg

1 Overv1ew and’ Conceptual Framework

g

As is readlly apparent in the precedmg secnons the rehablhty of gas supply and capacity

options is an important quality to the LDC or customer. The reliability that is ultimately

- provided to a customer depends on multiple: supply- and -demand-side -considerations;
- because of this, IRP for gas LDCs should explicitly include a reliability  planning
~'*" component. A'major purpose of reliability planning is to strike a balarice betweén reliable

- service' and reasonable cost. Because demand, supply cost, ‘and -supply availability are

uncertain, it is difficult to balance reliability ‘and cost objectives. For-a- typical gas
system, it is relatively inexpensive to meet average gas demands. However, for firm

~ customers who depend on supplies‘in cold weather When demand is high, such a’system
- would be unsatisfactory. At the other extreme, it is possible to build gas systems to meet
call foreseeable demands such-a- system would be rehable but expenswe For example

® Many LDCs will allow industrial customers to contract directly with the upstream plpehne for .
transportation servwes, ‘thus allowing the benefits of SFV to flow to the customer '

10 If a customer bypasses an LDC and reserves firm tra'nsportation service from the interstate pipeline that
serves the LDC, it will be required to pay a transition cost surcharge on its reservation charge just like the
LDC. Bypass customers may be able to pay lower transition costs, however, if (1) the LDC, through its cost
allocation process, allocates more transition costs to the bypass customer than it would pay by directly
contracting with the pipeline, (2) thé bypass customer purchases only interruptible transportation service which
receives & lower transition cost allocation under the FERC’s rules, or (3) the bypass customer buys released
capacity at a discount or transportation service with a different pipeline that has no, or lower, transition costs.
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a 7% reserve margin on plpelme capacity can add 1% to the average rates of a typical
,LDC u :

Connngency plannmg is-the process of settmg up plans or rules that respond to events
that can cause curtailments. Whereas reliability planning focuses on determining the
appropriate quantities of long-term resources to provide adequate services, contingency
- plans focus on short:term actions that can' mitigate a curtailment in response to an
uncommon or unforeseen event. Contmgency planning may be seen as a way to
maximize the reliability of a system glven a ﬁxed set of supply and capacity resources,
i "«'especxally for ﬁrm customers ~, :

5 Rehabxhty isa relatlvely precxse concept it'is’ the probabnhty that demand will exceed
- supply in a given period (Kahn 1988). Probabilistic methods are necessary to compute
reliability because both demand and supply exhibit random: variation. The term Loss of
Load Probability (LOLP) has been developed for measuring the reliability of electric
systems and the term Loss of Load Risk (LOLR) has been used to quanufy reliability of
gas systems (Hiebert et al. 1992). Typically, reliability for gas systems is described in
terms of actual or expected currailments, which are the therms demanded but not served
in a given period. Reliability can be measured - historically or estimated for a future
period If it is measured historically, several years of data should be used because events
.in one year may not be: representatlve of a system S true rehabxhty
o An 1mportant component of tehablhty plannxng lS estabhshmg an: appropnate rehablllty
. target-or set of targets. All utility systems have a point at which adding .additional
facﬂmes costs:more than they are worth in providing reliability. In gas utility reliability
plannmg, targets maybe set -based on standard industry practice or by performmg a
i beneﬁt-cost study - that tries to find the optxmal level of rehablhty ,

,A companson of rehablhty plannmg in. the gas and electnc utxhty 1ndustnes helps to

. '[lllustrate the reliability problem.faced by gas system. planners. LOLP, or the associated
. criterion called expected unserved energy (EUE); is regularly computed by electric unhty
planners. Uncertainty in demand and supply can be characterized relatively precisely in
that industry. There are reasonably good standards for identifying appropriate reliability
targets and ongoing research on value of service is improving the accuracy of reliability
targets. In comparison, the quantttatlve computation of reliability, especially forecasted
reliability, for gas systems is difficult. Demand is much more random for gas systems
than for electric systems. Gas supply resources also have random availabilities, but the
dlstnbutlon of those avallabxhtles 1s not well understood Actual physwal failures of gas

-1 The example assumes .an LDC with a 50% load factor, an average retail rate of $0.505/therm, and an
avoidable ptpelme reservation charge of $120 per year per Dth/day.
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Table 4-6. Supply-Side Risks

I. Physical

Wellhead or storage withdrawal:
-blowout
-freeze up’ ’
-damage caused by humcane, tornado, or flood
-ground water intrusion S

e LNG :
-explosnon
~ -condenser equupment fanlure _
-electncal power fallure

ie Transmnss:on, Dusmbutnon, or: Storage injection .-
-explosuon ; : S
-accndental puncture of plpe
-vandallsm y

/A Contractual

i Producer/marketer nonperformance because of bankruptcy ‘or other fmancual
problems
Buyer/selier pnce dssputes that lead to nonperformance :
Gas supply and/or capacity diversion to another customer because of ill-defined
interstate transportation rights ,
Uncompensated diversion of storage gas by an adjacent well
Gas supply:diversion to another customer who is willing to pay more

,productmn transportatmn storage and dxstnbutton components appear small when
.compared to_failure rates of thermal electric generation units. The lack of vertical
‘mtegranon however, makes it difficult to characterize supply uncertainty precisely. Data
on supply-side outages are not dlssemmated as widely in the gas industry as in the
electric industry and, because gas LDCs do not directly control upstream gas supply and
delivery facilities, there is an added contractual risk that resources will become
unavailable even though the risk of physical failure is small (see Table 4-6). In addition,
. outage probabilities for electric utilities are usually computed assuming. independence;
in contrast, many of the risks faced by natural gas systems are correlated to weather and
are, thus, dependent rather than independent. Finally, although both electric and gas
customers value service over a wide range, gas systems are often faced with two groups
of customers with very different reliability needs: residential and small commercial
customers who cannot tolerate a loss of service, especially in cold climates, and large
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commercial, industrial, and electric generation customers who are often willing to accept
curtailments of significant duration in return for competitive prices. '

4.4.2 Reliability Planning in Practice

Although the conceptual framework for assessing reliability is similar in the electric and
gas industries, gas system reliability planning has. historically -been based more on
prescriptive rules than on detailed study. When gas LDCs define a peak day for firm
demand, they typically incorporate extreme weather conditions for their service
territories.'” Sometimes an additional reserve margin is included to account for
uncertainty in the peak-day demand estimate and uncertainty in supply. Reserve margins
are often expressed as percentages of the design peak-day demand.”® The design day
criteria and any reserve margin are usually determined conservatively and typically
involve judgment. In practice LDCs—especially LDCs in cold climates—set the design
day high enough to meet the demands of essential-needs customers under any foreseeable
weather conditions. With the peak-day target set for each year of the resource plan,
LDCs assess the reliability of each supply and capacity resource. Often this assessment
is qualitative rather than quantitative. The relative reliabilities of spot- and long-term
supplies has become a major issue as a result of such reliability assessments (see Section
4.2). In the traditional reliability planning process,. the reliability provided to interruptible
customers is not explicitly determined. Instead, they are served at the “default” reliability
that is available after firm loads have been planned for. =

Gas system reliability planning will likely evolve under IRP and in response to ongoing
gas industry restructuring. A three-step process for incorporating, reliability into gas IRP
processes is shown in Figure 4-5. Increased competition will require additional focus on
the appropriate reliability standard for all LDC customers (see step one). Competition
will'be a double-edged sword for many LDCs. To retain load, théy will ieed to focus
more on the reliability provided to customers with competitive alternatives including
customers previously considered interruptible. Building of expensive facilities to provide
 reliability will, however, be limited by price competition from alternative fuels and
bypass alternatives. Greater use of benefit-cost studies to determine LDC-specific
reliability standards is likely to become more common (see Exhibit 4-1). In the absence

2 For many gas LDCs, reliability targets other than peak dayare important. For e'x&xi_lpl‘e',' systems with
large storage resources may define reliability targets in terms of cold-year demands or cold-year, winter-season
demands as well as peak-day demands. : : :

? The term reserve margin is defined differently in the electric and gas industries. In the electric utility
industry, reserve margin is a percentage of the expected annual peak-hour demand. In the natural gas industry,
design-day peak demand is used in the denominator. »



Figure 4-5. Incorporating Reliability into the Gas IRP Process

Majory Steps

" ® Fimn customers
- define reliability criteria using judgment
or benefit-cost studies
~ - define relevant des:gn demand crltena
, (peak day, etc D).
- add a reserve margm if necessary to cover
' demand- or supply-sude uncertamty
~ @ Nonfirm customers
- define reliability that will be competmve in
marketplace

® Specuf ic demand cntena chosen depend on
“reliablity goals and system confi guratxon

1 @ Assess rehablllty of each resoume and |ts |mpact on
overall system rehablllty \

® Gnve DSM-full credn for: |mpact on relevant

..demand pattems ,

® Adequately. meet demand cntena recogmzmg uncenamty in
_resource availability :

s ouce: Adapted fom Jeneen (1992) ...

of detailed benefit-cost studies, LDC should use judgment to determine an appropriate
reliability standard and attempt to meet it by evaluating the reliability of each resource
‘option and its impact on overall LDC system reliability (see steps two and three). As can
also be seen from the third step of Figure 4-5, demand-side management (DSM)
resources .can. modify peak-day demands, and the avoided costs used to evaluate DSM
resources should include the full value that DSM resources provide on a peak day,
including any reserve margin benefit. Like supply-side resources, DSM resources have
uncertain availabilities, and this uncertainty should: be incorporated into the reliability
planning process.

Although the advent of IRP and other changes in the industry indicates that LDCs need
sophisticated reliability assessments, few deviations from standard utility practice can be
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Exhibit 4-1. Use of Benefit-Cost Studies in Assessing Reliability Targets

In 1987, gas system planners at San Diego Gas and Electric Co. (SDG&E)
conducted a benefit-cost study to determine its gas system reliability target (Penny
and Smith 1987). SDG&E computed the cost of building systems that provide.
different levels of reliability. Re,liabil,itywas“éssessed in terms of a recurrence interval
(RI) which is the averagé number of years between curtailments. At each level of
reliability three kinds of costs were assessed: (1) the relatively certain cost of
constructing facilities, (2) the expected cost of having the utility restore service after
curtailments (e.g., relighting pilot lights), and (3) the customers’ costs of experiencing
a curtailment. An optimal level of reliability is one that minimizes these three costs.
The study considered uncertainty oq ‘both the demand and supply side when
computing total costs at a given Rl.. Figure 4-6a shows the results of SDG&E's study.
Optimal reliability is found at an RI somewhere between 15 and 35 years. SDG&E
recommended a 35-year Rl because the risk of outcomes with very high outage costs
was much less than with a 16-year RI. The 35-year Rl.recommended in the study
was eventually used in the resource planning studies filed as part of the California
PUC’s long-run marginal cost proceeding (California Public Utilities Commission

(CPUC), 1992a). ) B G

The SDG&E study is a good example of incorporating uncertainty and risk
management into the resource planning process. Its base-case study is an example of
probabilistic analysis using a Monte Carlo approach. SDG&E acknowledged that many
of the assumptions treated deterministically in the base-case study were uncertain.
To address this, SDG&E ran 13 sensitivity cases in which key inputs were varied.
New total cost curves were computed for each case and compared-to the base case.
The resuits of the sensitivity cases are shown in Figure 4-6b, Under. the assumption
that the set of sensitivity cases is fairly representative of all possible contingencies

~and that each case has a similar probability of occurrence; it is possible to-look at the
trough in Figure 4-6b (Rl = approximately 35 ‘years) as being the most robust Rl with
respect to uncertainty.

cited. The recurrence interval study conducted by SDG&E is a good example of a

‘benefit-cost study (see Exhibit 4-1).'A modest extension of the reserve margin concept,

known as the Deliverability Assurance Ratio (DAR), was. developed by the llinois
. Department of Energy and Natural Resources for its review of gas IRP plans filed by

Hlinois LDCs (Hemphill 1989; Jensen 1992). Computations of LOLR have been made

in the literature but have not been filed in any regulatory proceedings by an LDC

(Hiebert et al. 1992). During 1993, the Indiana Utility Regulatory Commission directed

Indiana Gas Co. to re-evaluate its method for setting reserve margins. This study may

provide insights into improved reliability planning methods. B :
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Figure 4-6. Using Benefit-Cost Studies to Determine Reliability Planning
Targets: SDG&E
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4.4.3 Contingency Planning

4.5

Gas LDCs can enhance rcliability and the value of service prcvided to its customers by

- preparing to quickly respond to contingencies that threaten service. Contingency plans

can include procedures that (1) maximize the use of alternative fuels and alternative
suppliers, (2) improve operational flexibility to minimize the impact of both upstream and
downstream capacity constraints, (3) can initiate a curtailment and determine the order
in which customers are curtailed, and (4),.in the case of a severe curtailment, prioritize
human-needs loads in specific geographic areas so that every person has access to a
heated building. Contingency planning is already conducted in some form by most LDCs
but the changing industry structure and unbundling trends require that the plans be re-
evaluated periodically. For example, the growth of LDC transport-only service, including
firm transport-only service, has required some PUCs to modify curtailment pohc1cs to
include the conditions in Wthh transport-only customers are curtailed and the price to
be paid for any diverted supphes (California Public Utlhtles Commission (CPUC) 1991;
Virginia State Corporatioh Commission- 1991) The: tion of the pipeline supply
function as a result of FERC. Order 636 is makmg inter: ate gas supply operations more
decentralized and is another reason fre—evaluate contingency plans. While some LDCs
are doing this for their service territories,. there has been an industry-wide attempt to
improve contingency planmng at the reglonal levcl The Natural Gas Council has created
five North American reliability planmng Tegions: 'West, Southeast, Northeast, Midsouth,
and Midwest (Natural Gas Council (NGC) 1993). “Within each region, phone lists are
being distributed so that individual:utilities and customers know who to call when supply-
demand balances reach critical conditions. The NGC is also encouraging members to
enter into mutual assistance agreements that provide ‘cxplicit’ procedures on how
participating partles can exchange supplies and capacity in times of critical supply or
demand.

Summary

Gas resource planmng begms with an evaluation of the LDCs reliability objectives and
an analysis of what. resources are necessary to meet them. LDCs ultimately strive to
provxde gas supply and transportation services that are of value to their customers. This
requires balancmg rehablhty, cost, and price stability attributes of all resource options.

Supply and capacity are closely related concepts for the LDC. For the purposes of near-
term resource planning, however, portfolios of supply contracts are usually developed
independent of the gas capacity planning process. For supply portfolio planning, the
biggest issue facing LDCs is determining the relative shares of different types of
contracts for their portfolios, including contracts of varying terms. The competitive
marketplace for gas supply may ultimately sort out some of these contract share debates.



LDC procurement activities are also likely to be significantly affected by the state PUC’s
regulatory approach to reviewing LDC procurement decisions. -

With regard to capacity planning, LDCs will consider releasing existing capacity as well
as acquiring new capacity to better meet reliability targets, to lower capacity costs, or
to lower gas supply costs. For many LDCs, storage options will be increasingly attractive
as an alternative to pipeline capacity. A simple screening analysis may be conducted to
trade off the fixed and variable cost attributes of different resource options. More
sophisticated resource planning is required to fully incorporate all the constraints that are
relevant to an LDC and its customers.

Before embarking on a resource plan, PUCs and utilities should carefully consider their
reliability objectives on both the demand and supply side. Current industry practice is to
address reliability for firm customers by setting a conservative design peak-day target
and, possibly, adding a reserve margin to that target. The reliability of individual
resources to meet that target are assessed either qualitatively or quantitatively. Unless
facilities are constructed specifically for interruptible customers, the reliability provided
to interruptible customers is a byproduct of the firm customer reliability plan. In light
of IRP and the ongoing gas industry restructuring, there will likely be an increased trend
towards using benefit-cost analysis for determining appropriate reliability targets for both
firm and interruptible customers. Once an LDC has acquired resources to meet its
reliability targets, contingency planning can be used to maximize customer reliability.
Contingency plans include procedures that maximize short-run resource availability and
minimize the negative consequences of any necessary curtailments.
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Chapter 5
i)

5.1

Methods for Estimating
Gas Avoided Costs

Overview

The concept of avoided ‘cost grew “out of federal legislation desxgned to encourage
efficient production and the use of rénewable fuels in the electric power industry; this
legislation-also sought to achieve thes¢ ends by stimulating investment of private,

“unregulated capital in’ ‘the electric power sector. The concept has evolved to become the

standard against whlch’ the beneﬁts of electnc utthty demand-sxde management (DSM)

o programs are valued

This chapter focuses on the estimation of avoided costs for gas as a means of valuing the
benefits of gas-utility-sponsored DSM, including efficiency improvements, peak-shaving,

~ and strategic load building. Given the vast differences in the characteristics of supply and
- demand resources ‘and the state-of-the-art in gas’planning tools, evaluatmg DSM on a
- program by ‘prograim ‘basis ‘and opumrzmg ‘both DSM and supply resources in an
‘automated- framework is currently impractical. ‘Avoided cost methods have become the

conventional means by which we approximate an overall supply-demand optimization.
Avoided costs can and have been used in evaluatlng supply resources and in rate desrgn

“«but those appllcatlons are not d1$CU$sed in detml in thrs chapter

Because the avoxded cost concept came from the electric power 1ndustry, ‘it is useful to
review features of the gas’ 'industry that are different from the electncrty mdustry and of
particular relevance to- estrmatlng avoided cost: ( 1) local dlstnbutlon compames (LDCs)
are not ‘as verucally integrated as electric* utrhty companies, so more of therr costs are

* defined upstream  through contractual agreements; (2) storage exists as a major gas

resource option similar ‘to' pumped storage hydro for electric utilities except on a larger
scale arid for longer time intervals (i.e., seasonal instead of diurnal or weekly); (3) LDCs

~ provide ‘more diversity of services (e g., end-user transportation, which would be

analogous to retail'wheeling in the electric power sector); (4) gas LDCs are not as capital
intenisive as electric utilities, so'LDCs’ cost structure tends to be dominated by variable
costs; (5) the’planning horizon: for gas utilities is htstoncally shorter than for electric
utilities; and (6) there can be a higher degree of seasonality in gas costs than electricity
costs. Given these dtfferences miethods used to’ estlmate avoxded costs must be carefully

adapted to the gas mdustry

© This chapter presents several methods that have been implemented or proposed for

estimating gas avoided costs; a consensus does not yet exist within the gas industry or
among regulators on appropriate methods. The next section describes the components of

97



5.2

gas avoided costs. Various avoided-cost methods are then described in Section 5.3 with
a discussion of their strengths and weaknesses. Major issues that should be considered
in applying avoided costs to the valuation of gas DSM programs are also discussed.

Components of Gas Avoided Costs

Avoided. costs for gas LDCs can be broken down into a number of components:
commodlty, deliverability from the wellhead to the City gate (capacity), local transmission
and distribution (LT&D), and servicing customers. The relative .shares of these

components in the total avoided cost will vary by uuhty and over. time. Generally,

commodity and. capacity costs will. be the. largest part of avoided. cost for LDCs The
move to straight, fixed-variable rate design in FERC Order 636 w111 typically result in
increased capacity costs for low-load factor LDCs than under the rate structure being

... Teplaced.

Two 1mportant nmmg-related 1ssues need to be consxdered in developmg gas avoided

| . .costs for. analyzmg the economics of DSM programs: Q). the cost structure of the LDC

system, wh1ch is driven by demand patterns that are largely d1fferent1ated from one

another-by their time of occurrence, and. (2) 1mpact of a measure’s lifetime on the time
“horizon of the analy31s e s e B ,

A range of demand pattems dnves facxhty smng and supply procurement (see Table 5-1)
(Energy Management Associates (EMA) 1992). Although Table 5-1 indicates which

. demand patterns are. associated with certain facilities, it does not say. which. demand
pattern will be the. bmdmg one for. facxhtles construcnon _The bmdmg demand pattern
. depends on the speclﬁc supply and demand s1tuatlon for each LDC., More than any other

o ’.demand. pattem .coincident design peak—day demand is. usually the most important for

, des1gn1ng facllmes such as system transmission, storage withdrawal, and _peak-shaving

capacity near load centers. Design winter season and, average daxly demand are other
demand. patterns commonly used by LDCs in. supply planning. . Estabhshmg which

~demand patterns are binding for particular facilities is important because DSM-induced
- changes in the nonbinding demand patterns may have no impact on supply and hence no
avoided cost 1mphcat10n Ultlmately, avoided costs need to be hme—dxfferentlated in a

way that recognizes the demand patterns driving supply choxces .that in tumn. reﬂect the .
cost structure of the LDC. By the same token, assessmg the economic merits of DSM

_programs usmg time differentiated avoided costs reqmres that the load shape impacts of

DSM programs be decomposed into their impacts in thecorrespondmg time periods (i.e.,
demand patterns). Otherwise, the wrong types and/or quantmes 'of DSM resources wﬂl

. be deemed cost-effective and lead to suboptimal results in DSM resource acquisition.

98



Table 5-1.Typical Demand Patterns Assoclated wnth the Slzmg of Facilities
and Contracts

Energy

“Pask Shaving .
Storage
Pipelina™ .
Capacny

‘LDC

issi

S'er\nces. X
Meters

" Source: Adapted from Energy Mnhogommt Associates 1992

The second timing issue is the impact of a measure’s lifetime on the time horizon of the
analysis. Some DSM measures can produce savings for up to 20 years or more. In order
to properly evaluate the benefits of DSM, estimates of avoided costs need to encompass
_the economic lifetime of DSM measures. This need means that many LDCs will have
to develop estimates of avoided costs beyond their current supply planning horizon. The
IRP process itself may extend LDC planning horizons beyond the typical three to five
year timeframe, to 10 years or more. For planning horizons'that are shorter than the
lifetime of DSM measures, “end-effects” procedures can extend the last yeax s values to
encompass the penod of interest beyond 4 : Sl

The major issues associated with each of the followmg avoxded cost components for gas
are summarized in Table 5-2 and elaborated upon below.



Table 5-2. Issues in Estimating Gas Avoided Costs

Commodity ...... e e e e e wae -® . Uncertainty in future gas
: o 4 commodity costs -
~® ' Impact of reduced takes on firm

contracts may be constrained
by minimum take or gas
inventory charge (GIC) -

provisions
Capacity . ... cvv e ° Short-term vs. long-term
perspective
° Duration of existing flrm
capacity contracts -
e Market demand and future pnce

uncertainty for exlstmg capacity
{capacity release)

° Reallocation of pipeline fixed

, costs

e Treatment of commodlty -related
" capacity investments

e .. .Cost allocation.methods for -

Vlong lived facnhty mvestments

-Local T&D and Customer Costs . .... ® Not.typically avoidable by most
, DSM programs. . ,

5.2.1 - Commodity Costs

As characterized in Chapter 4 and summarized in Table 4-2, LDCs draw upon various
types of gas supplies including long-term contracts, multi-month contracts, spot contracts,
‘pipeline:sales service (unbundled from pipeline transportation and storage service in the
aftermath of FERC Order 636), purchases of reserves, futures and options.contracts, and
customer buybacks. LDCs dispatch supply resources in their portfolios to minimize cost,
subject to operating constraints and reliability criteria. Avoided commodity costs are
reflected in a change in the utilization of supply resources as a result of the DSM-induced

change in demand.
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A change in utilization of supply resources may allow for outright cancellation :*
-prospective supply contracts or facilities and their associated costs. However, change -
supply resource utilization may simply entail a reduction in gas takes from selects:
contracts. To the extent that firm supply contracts in the LDC’s mix include take-or-fa -
clauses or gas inventory charges that penalize low load factor utilization, the avoidat -
commodity cost from reduced: volumes of these contracts. will be. dampened Cas
dispatch models should handle . such- contract provisions and account for them -
simulating least cost LDC system: operation; for this reason dispatch models are user_-
tools to use in estimating avoided commodity costs. - ;

The underlying uncertainty of future gas prices is an important concern in estimati- 3z
avoided commodity costs. Uncertainty in future gas commodity costs is influenced ~v
many factors: rate design policies, supply/demand balance, availability of supply, a-:
competition with alternate fuels. Variations in future gas commodity costs could ha- =
a disproportionate influence on avoided .costs because the commodity component of:zn
- accounts for a‘significant fraction of an LDC’s total cost of gas.! Uncertainty in futu-c
commodity- costs assumes even greater prominence as time horizons under IRP z-v
extended to ten years and beyond. Thus, in estimating gas avoided-costs, it would >
advisable to include a range of gas commodity escalation rates as part of the analys:s.
Approaches to treating uncertainties in commodity costs in avoided cost calculations z-e
fundamentally no dlfferent -than- those descnbed in Sectmn 3.7 for other analytic arezs
_of IRP. . ; e L -

LDCs typically offer a number of different categories of service to.customers: firm
sales, interruptible sales, transportation (firm, nonfirm), and standby sales.. Which
service categories should be included in the demand forecast upon which avoided costs

- are based? For the avoided commodity. cost calculatlfm it has been suggested that in

~addition to -the forecasted demands of firm sales, interruptible sales and transport

customers on standby sales should be included:because LDCs will sell gas to these
customers if it is available and the customers are willing to pay.the cost (Heaghney
1992). However, a significant uncertainty surrounds :the possibility of customers -
sthchmg the type of service they-receive from the LDC. For instance, standby
customers swinging between transportatwn and sales service can have a large impact on
avoided commodity costs. : : -

' The relative significance of avoided commodity cost in total avoided cost is a function of an LDC’s load
factor. For a low-load-factor LDC, fluctuations in commodity cost will have less of an impact on total avoided
cost than they would for a high-load-factor LDC (all other things being equal).
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5.2.2 Capacity Costs

DSM alters customer demand, which leads to changes in necessary facility investments
~and contractual agreements (without compromising reliability); avoided capacity costs
derive from these changes The types of supply resources prowdmg delivery capacity

- within LDC' service " territories include pipeline capacity in the form of firm
transportation, “no- notice” service, storage, liquified natural gas (LNG), or propane-air
plants (see Table 4-3). These capacity resources can be divided among committed and
uncommitted resources. In the short run, most avoidable resources are uncommitted.
In the long run, planned capacity facilities and/or firm capacity contract commitments

could be avoided as well.

Optzons for Avo:dzng Capaaty Costs’

There 1S ‘some controversy over ‘how avmdable capacxty costs -in ‘an LDC’s portfolio
really are, particularly in the short term. The -answer is highly specific to the
- circumstances of each LDC. In general, “transition costs” that are approved under
~+ FERC Order 636 proceedings for-individual pipelines are costs that cannot:be avoided
- by subsequently implemented DSM programs (Armiak 1993). However, LDCs may have
~-a number of other options. for avoiding part of the costs associated -with capacity that
- becomes excess as a result of DSM; these options include: (1) releasing ‘capacity to the
secondary market allowed for in FERC Order 636, (2) renegotiating capacity
commitments in pipeline service agreements at the end of contract terms, (3) reducing
or eliminating planned or committed. stakes in new plpelmes and (4) malcmg more

‘ mterrupnble sales from frwd capac1ty TR

" The first ophon avoiding capacxty costs through releasmg existing plpelme capac1ty held
in firm transport contracts, depends to a great extent on market conditions. ‘Previously,
LDCs that reduced demand were unable to reap capacity cost savings until their existing
pipeline contract expired and :could be renegotiated. Now, for LDCs located near
pipeline market hubs or near pipelines serving many -customers, there may be an active

- ‘market for released capacity. The great uncertainty in these cases is the price ' which will
- be determined in this secondary market. FERC Order 636 stipulates that releasing
shippers remain liable for the full pipeline reservation charge and surcharges, so any
difference between the market price of the released capacity and the pipeline charges will
have to be made up by them. Thus, the avoided capacity cost through existing capacity

% Customer buyback programs listed in Table 4-3 under gas capacity options are not cited here because they
occupy -a minor position in the overall delxverabxllty of gas within LDCs and because of the difficulty in
assigning an avoided cost to them. .

102



release may only be a fraction of the contractual obligation. For LDCs located far from
market centers or LDCs that are the dominant pipeline customer in their area, the
question of released capacity market price may be moot as there may be few potential
buyers. A more subtle boundary issue is whether releasing capacity means transferring
it to entities outside the LDC service territory or to customers served by the LDC. If
~the capacity goes to LDC customers, then there is no reduction in total fixed pipeline
costs being passed on to the customers of the LDC (Armiak 1993). An added wrinkle
is that, in circumstances where there is a strong market for released capacity, LDCs
might decide to simply renew contracts with pipelines and retain all of their -existing
capacity; a byproduct of this could be a reduction in the effective cost of relying on a
“reserve margin” to ensure system reliability (Gaske 1993). *

A second option for avoiding capacity costs is reducing or terminating capacity rights at
- the end of an existing pipeline contract term, or relinquishing capacity as part of the

. . industry restructuring process brought about through FERC Order 636. Since the mid-

1980°s, with the gas supply “bubble” and the uncertainties associated with gas industry
restructuring, terms for pipeline capacity contracting -have tended to be short (although
long -term contracts still dominate). Moreover, many of the long-term contracts signed
in the early 1980’s will be expiring in the next several years. However, similar issues
of market demand for released capacity apply to capacity let go by LDCs. In a situation
where relinquished or terminated capacity finds ready buyers, the full -costs of the
- relinquished contract. will be avoided... In a situation where the pipeline cannot fully
subscribe its available capacity, the pipeline may try to recover its fixed costs by raising
- rates in order to-remain whole. Thus, the problem of stranded or underutilized pipeline

investment could result in lower net avoided capacity costs. for some LDCs than would
otherwise be the case. e

: A third option for avoiding capacity costs is reducing or foregoing planned participation

- in pipeline “open seasons” or direct investment in new pipelines. - Depending on the
nature of the contract, investments in pipeline capacity rendered superfluous from one
LDC’s DSM program may in fact not be avoidable because of commitments to, and
needs of, other parties in the project. :

‘The last option for avoiding capacity costs is increasing interruptible sales; this is
technically not a means of avoiding capacity commitments. Instead, it allows capacity
costs to be redirected to taking advantage of incremental opportunities, which itself could
“have value to the LDC in added margins (Homby 1991). Practically speaking, this

“opportunity cost” concept may be difficult to apply because of the difficulty in ascribing
- a value to avoided capacity cost.
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The uncertainties surrounding the market value of avoided capacity, particularly from the
first two options described above, suggests that a range of avoided capacity costs should

- be prepared in a manner that is similar to the range of avoided commodlty costs prepared
from a range of gas price forecasts.

Allocation Issues : Figure 5- 1 Three Methods for Allocatlng Capltal
Costs Over Time

Capacity cost is not always
identical to pipeline
reservation charges or
- fixed costs of a facility.

A

4 Economic

Some resources with high Carrying
- fixed .costs enable savings - Charge Rate

- of variable costs. In the
gas - industry, this is -
- commodity-related capital |-
investment. - Pipeline -
capacity  that . provides
access to lower cost .
producer gas fields is an
example: of this -
‘phenomenon. One way of
distinguishing . between =~ : 5ats
capacity and energy value in ﬁxed costs is to assign to capac1ty the ﬁxed costs of a
-+ resource that primarily serves capacity needs in the system to capacity and to ascribe the
remaining portion to commodity. This approach is routinely employed in the electric
power sector with the cost of gas combustion turbines serving as the proxy for pure
- capacity. The fixed costs of propane-air plants have been suggested as a proxy for
- capacity value for LDCs. Released pipeline capac1ty prlces or other resources mlght also
xﬁll this role s

' Levelized Cost

Aﬁnuallzed Cost

Capital Pro;ect /’
Revenue Requ:rements

For long-lived facilities investments such as on-system storage, spreading the initial
capital costs over the lifetime of the investment is necessary in order to allocate properly
the capac1ty value of the facility over time. The economic carrying charge rate (ECCR)
is useful in this regard (Kahn 1988).  Figure 5-1 depicts three streams of capital costs
‘of equivalent value in present value terms. The horizontal curve is the levelized-annual
~cost, the falling curve is the revenue requirements ‘stream employed in utility ‘capital
finance, and the rising curve is the ECCR increasing at ‘the rate of inflation.
Levelization, which is computationally equivalent. to mortgage payments, gives equal
payments over the period in nominal terms. In real terms, the value declines over time,
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so more.of the total present value is in the early years. The revenue requirements stream
represents the cost recovery process of utility investment in the regulatory arena with
extreme front-loading. The ECCR method -is intended to represent the behavior of
capital in a competitive market operating under inflation with constant annual values in
real terms (National Economic Research Associates Inc. (NERA) 1977). As such, the
ECCR imposes no front-loading penalty and for this reason is the preferred method for
allocating avoided capital costs over time. :

~Finally, LDCs may include only some customer service categories under their “obligation

. to serve,” particularly from the standpoint of capacity investment decision-making. Only

the .demands. of customer. service categories that the: utility chooses to serve from a

y capacity planning perspective would be included in any estimate of avoided capacity cost.

52.3

Local Transmxssnon and DlSU’lbUthﬂ Costs

. -~Loca1 transmlssmn costs are assocxated thh transportmg gas from the city: gate” to the
. distribution. main. ‘Distribution costs are. associated :with -transporting . gas from the

~ transmission. system :to customers. - Together, LT&D investments are planned ‘around

f local., nonc01nc1dent demands rather than. system commdent demands as is: typlcal for

system elements further upstream (see Table 5-1).

Scale economies are a large factor in the economics of LT&D because much of the cost

... of.laying underground pipe is in the cost of trenching and not the pipe itself; so the

524

. incremental :cost of increasing capacity (at: the time:of construction) can be relatively
small.? - These scale economies - -often dictate that LT&D. expansions be designed to

accommodate future growth. Costs of LT&D. also have substantial geographic and density

»dependenc1es making-them less a function of demand level per se. Few: DSM programs

will result in avoided local transmission -and distribution costs.

Customer Costs

Customer costs typically include service lines, meters, regulators, and some portion of
main line extension cost. Avoided customer costs may only be relevant for DSM

3 Addmonally, piping comes in: standard sizes and the impact. of DSM 1s seldom large cnough to warrant
choosing pipe some standard size smaller.
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programs that affect system expansion into new areas or additional customer hookups.*
Fuel-substitution DSM programs are-the most likely situation in which avoided customer

‘costs would apply, and then only if the program resulted in new customers and not just
--expanded use for existing customers.  These costs can be based either on engineering

= estxmates or hxstoncal data analysis.

35.2.5

Externality Costs

... The theory behind externality costs is that the market sometimies fails to incorporate all
' social costs in the observed prices of goods. For fuels; environmental externality costs

~are the most prominent. : They include air-and water polliitants and land impacts. These

- “costs would -ideally ‘be based on estimates of the damage costs “of ‘the environmental

impact, but reliable estimates are elusive especially for global or regional effects or
effects that require putting a monetary value on human and other life forms or on
aesthetic qualities. Various studies sponsored by states (e.g. New York and California)
and the federal government are currently assessing damage costs of pollution. As a

- proxy for environmental externality costs, ‘analysts use the costs of controlling pollutants

- 'or mitigating‘impacts of a project or activity as imposed by environmental regulations.’

~ Thes choice-of ‘approach(damage cost or control cost) and the appropriate specific values
- ‘to‘assign to each impact-are areas ‘'of active and ongoing’ pubhc pohcy debate (Consumer

Energy Council of America Research Foundation (CECA/RF) 1993; ECO’Northwest

1993).

A number of state: PUCs have msmuted or ‘are consuienng rules regardmg the use of

-+~ environmental-externality-cost - adders ‘in integrated reésource planning *(Goldman and
~ ‘Hopkins 1991). Operationally, these adders:appear-as credits to more benign resources

-.such as DSM or as additional costs to resources in the current mix:or ‘rescurces under

~-consideration. These ‘additional externality costs are reflected in estimates of ‘avoided

supply costs and are typically included in the Societal Cost test (see Chapter 6). ‘Exhibit
5-1 describes current state regulatory activities with regard to environmental externality
costs affecting gas utilities.

* An exception may be DSM programs targeting low-income groups where some customer-related costs are
often avoidable such as uncollectible expenses and collection, termination, and reconnection costs.

$ The control cost approach is predicated on the belief that the political process locates the interséction of
the marginal benefit and cost curves when it imposes a particular standard for pollutant impact.
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Exhibit 5-1 State Activities Incorporating Environmental- Externahty Costs
into Gas Utility Planning

Georgia

fowa

Minnesota
Nevada

Néw Jarsey

| Vermont

Wisconsin

Californie

Atlanta Gn Light Co. used 8 composite externality cost {or value of damage or control) of
$0.15/MMBtu for evaluating gas DSM programs. The calculated onvnronmental-extomallty costs
based on gas end-use technologies are: .

residential space heater -  $0.10/MMBtu

residential ‘water heater ~ © -60.11/MMBtu
. yesidential clothes dryer. - $0,05/MMBtu
"rosidenitial range -~ $0.08/MMBtu

commerciai boller - = $0.10/MMBtu

industrial boiler o= $0.13/MMBtu

The commission requires that natural gas least-cost planning include externalities in avoided-cost
calculations. Ths lowa Utilities Board proposes to add an “externality factor® to avoided cost
calculations~10% for electric utilities and 7.5% for gas utilities.

Utilities are not required to consider externality costs when evaluating Conservation Improvement
Programs (CIP). However, the commission adds an Environmental Damage Factor of $1.10/Mcf to
avoided costs and lowers the discount rate from the 11.03% approved utility rate to a 5% societal
rate whcn estimating of the cost-effectiveness of utility CIPs. .

Westpac Utilities (2 subsidiary of Sierra Pacific Power Company) developed an
Environmental/Societal test and: usad it with the four other tests described in the California
Standard Practice Manual . to evalume sach demand-slde program. ] The test adds envnronmental
values to other benesfits and costs included in the Total Resource Cost test.- ’

Gas uttlnies must anlude a commlssion-spemﬁed envnronmontal oxtemallty cost in net benems
cnlculattons, avoided costs calculations, standerd ofter pricing, competitive offer: pricing, and the
TRC test. This externality cost was estimated by Pace University to be 80.95/MMBtu (in 1991
doliars}, based upon the poliution cost of gas-firad power generation. The commigsion stipulates
th:t the value be ad;usted annu-lly at a rate oqual to the GNP deﬂator mdox.’

The commission hes adoptod as innmm ad;ustmems ab% adder to nupply-mdo costs for: peqntwo
externalitios associated with supply sources and a2 10% discount from demand-side costs for the
risk-mitigating adventages of demand-side resources. This applies to both gas and electric utilities.
The commission requires that the 5% adder also apply to fuel-switching programs, as it does for
supply programs. However, any party is free to present evidence in compliance filings to
substantiate a credit for reduction in the 5% penalty for slternative fuels.

Externality regulations only apply to electric utilities. The commission requires that utilities multiply
monetized greenhouse gas values by the amount of greenhouse gases a power plant will emit
under a specific resource plan and apply the resulting cost to the energy-related costs of the plant
for the period in which the energy is generated. The values are to be used when comparing
resource options in planning, designing and implementing DSM programs. Additionally, the
commission states that total technical costs plus quantified environmental externalities should be
used to evaluste fual siternatives-to determine which end uses are served at the lowest cost to
society by fuels or enargy sources other than electricity. The monetized values for greenhouse
gases that the Commission thinks reasonable are:

carbon dioxide - $15/ton ($0.0075/b)
methane - $150/ton (80.075/!!))
nitrous oxide -~ 82 ,700/ton (41 35/lb)

The commission requires that fuelfwitchmg programs pass the three-prong test in which
externality impacts are considerad (see Chapter 8).

Source: Wang 1983
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5.3

5.3.1

Methods for Calculating Gas Avoided Costs

Several methods for calculating gas avoided costs have been used by LDCs or proposed
in the literature. The next section reviews approaches and discusses the pros and cons
of each method.

‘The starting point for each method is a base case resource plan that satisfies a base case

gas demand forecast.® The base case demand forecast typically includes the load impacts
of committed or approved LDC DSM programs (and market- and standards-induced
changes in average use) but does not include the effects of incremental DSM programs

,under consuieratlon

System Margmal ;Cqst

The system marginal cost (SMC) approach calculates the change in system fixed and
variable costs at the margin resulting from a change in demand. Because of the
complexmes of accurately determining supply-mde resource responses at the margin, the
use of detailéd gas supply planning models is essential with SMC approaches To the
extent that gas supply planning models are being used by an LDC, a major benefit of
SMC approaches is that they enable consistent treatment of avoxded-cost estlmatwn with
supply planmng assumptlons and methods : :

Three different ways of estlmatmg “avoided cost usihg an ] 4SMC approach are:

~ instantaneous, increment/decrement, and differential revenue reéquirements methods.

¢ All avoided-cost methods are predicated on the assumption that the base case demand forecast is an

accurate and reasonable representation of LDC expectations of future demand from its customers (in the absence
of incremental LDC intervention) and that the base-case supply plan is the optimal plan to serve that demand
based on current expectations and constraints. Any departure from this assumption will distort avoided-cost
estimates.
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Instantaneous Method

The instantaneous method for calculating marginal cost assumes a small perturbation to
the system by DSM programs, compared to the overall size of the system. Because the
load change is small—infinitesimal to be exact—no structural change to the mix of
resources serving gas loads is warranted. In this approach, DSM programs-facilitate a
reduction in use of the most expensive resources at the margin. The instantaneous
method produces what is essentially a short-run marginal cost and may only be: valid for
short-term valuation of gas DSM avoided cost. In principle, this method lends itself to
- easy time-differentiation but depends on the specific capabilities of the planning model
being used. An instantaneous marginal cost is often given as a direct output of gas
~ dispatch simulation models. : S o

Increment/Decrement Method

The increment/decrement method (ID) is predicated on DSM program impacts being
finite in size and possibly significant relative to overall demand. Load decrements apply
to conservation, seasonal load reduction, or peak-clipping DSM programs whereas load
increments apply to load building, valley filling, or peak load shifting . DSM programs
(see Figure 7-1). In the ID method, a finite, discrete block of load is added or subtracted
from the demand forecast. With this new demand forecast, a second -gas-dispatch
simulation is run and compared to the base case. Avoided costs are «calculated by taking
the difference in dispatch cost between the two runs (base case and ID)divided by the

~'size of the increment or decrement on‘d ‘volumetric basis. -

Individual DSM programs: are unlikely:to produce any' significant -impact on a utility’s
costs or resource mix. Thus, for the purpose of estimating avoided costs, individual
DSM programs should be aggregated into resource “blocks.” The size of the increment
~..or decrement block will have an effect on the resulting estimates of avoided cost.” The

- quantity of the DSM resource that is cost-effective is dependent on the level of avoided
.cost. Therefore, an equilibrium must be ‘sought where the resource block used in
‘estimating avoided cost is the same quantity of DSM that passes screening with that
avoided cost. This equilibrium is found through iteration.® It is imperative that the

7 The larger the size of the decrement block, the cheaper the average cost of the supply resources displaced
by it, translating into lower avoided cost. By similar logic, a larger increment block will call upon yet more
expensive resources that in turn produce higher avoided cost.

® An initial guess of resource block size is used to estimate avoided cost, which is then used to screen DSM
programs, the passing quantity of which is compared to the original resource block size. ' If the quantity of cost-
effective DSM is smaller than the resource block, then the resource block size is reduced (or vice versa) and the
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initial size of the resource block Figure 5-2. Decrement Blocks in System
used in the ID approach be Marginal Cost Methods

verified in order to arrive at a
plausible estimate of avoided cost.

The shape of an increment or |
~decrement  block will likewise
~“influence the resulting avoided
" cost estimate. ~Although' different -
programs - exhibit their- ‘own | . -
~characteristic load shape impacts; | *
“LDCs as a practical matter usually -
assume some characteristic shape
(or set of shapes) in developing
avoided costs. Figure 5-2 depicts
two characteristic block shapes as
decrements superimposed on a
-+ *]oad .duration .curvé: “One is a
- «#*rectangular” block with the same: -
- -‘load-impact throughout the period;
- :which’ ‘would correspond to the
. ‘impact -one might expect:from | -
- .efficient hot water: heating' or |
~ efficient - commercial: cooking -
programs.  -The other:.is :a |}« . =
proportional block that-is‘a fixed ™
percentage of the base case load
- shape, which would correspond-to a: temperature—sensmve load impact from'efficient
space heatmg programs R : :

If a gas dispatch model is. used in perfomung the ID avoxded cost calculatlon then only
-:system -operating cost changes will be reflected in the model output: Fixed cost
-implications have to be accounted for exogenously. Using large increment or decrement
blocks in the simulations  may necessitate making modifications to the supply resource
- mix (either adding or removing resources, respectively). A long-term optimization model
in which fixed and variable costs are simultaneously accounted for is used m the
differential revenue requxrements method described below.

procedure is repeﬁted until equilibrium is reached. - -
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Differential Revenue Requirements Method

5.3.2

The differential revenue requirements approach is a variant of the increment/decrement
approach in which fixed and variable costs are explicitly optimized in each simulation
through the use of a capacity expansion model (see Chapter 3 for typology and discussion

~of gas planning models). 1In all respects, except its integral fixed cost treatment, the

revenue requirements method is the same as the increment/decrement method. In
principle, this method is the most rigorous, and so it can be an arduous undertaking,
requiring multiple simulations with complex models.

Generic Proxy Approach

~In this approach, the analyst selects an avoidable resource (or set of resources) from the

supply plan and uses its costs as the basis for avoided costs. The underlying concept is

. -that a resource in the supply mix could be entirely displaced. by DSM resources
- theoretically serves as the .proxy resource. ‘The proxy resource .could: be:the most
. expensive unit-or the last resource dispatched in the supply portfolio, in which case the
.. proxy method approximates a SMC method. - However, in choosing a proxy resource,

it is best to seek a reasonable match between the type of load shape impact from DSM

and the supply resource in the portfolio that would otherwise :serve :that load. For
example, in evaluating a nontemperature: sensitive load impact (e.g., from efficient water

heating programs), the appropriate proxy resource would be the combination of contracts

and other facilities designed to serve a high load factor demand.

When‘:lbad-rédliéing DSM,.is‘placéd in the ~reSour¢e mii, proxy resources are either

- cancelled outright or deferred.” - /If the DSM resource: block is large enough to permit

| ~canceling the proxy resource: (this depends on each LDC’s unique portfolio of contracts

- and facilities), we can directly assign-its costs to avoided cost (converted to a-unit-cost

. volumetric basis).'®  This method’s appeal is that it is relatively simple to calculate, and

- it is transparent; the supply-side impact:is determined ‘without running: multiple gas

system simulations, and its costs are tangible. The date:on which the proxy-resource is
introduced into ‘the supply mix can also be delayed as a result of DSM instead of

? This description of the proxy methodology assumes load-reducing DSM but is applicable to load-building
DSM with appropriate adaptations.

'* Because the quantity of cost-effective DSM resource is.dependent on avoided cost, the reasonableness of
the assumption will have to be subsequently confirmed by screening the DSM programs with the avoided-cost
estimate.

111



cancelled altogether. Determining how long to defer the proxy resource and the value
of that delay is more complicated and requires the use of a gas planning model."

- Table 5-3. Model Simulations Used in Proxy Deferral Method

Supply Plan

‘Base Case S ~ Base Case
#2 ' . Base + DSM Case o Ba_;sé Case |
#3 Base + DSM Case . Proxy Deferral Case
#4 Base Case Proxy Deferral Case

~:Table:5-3 shows the four gas planning model simulations. usually performed in the proxy
. resource deferral ‘method (Kahn 1989). As with-all avoided cost methods, the proxy
. deferral method:begins with a base-case supply plan and demand forecast (Simulation
- #1).. “The second:'step is to-simulate the:dispatch of-the base-case ‘Supply plan with a
- decrement ‘block of DSM in the load forecast.” Simulation #2 should result in lower
voperating costs than in the base case because of the presence of DSM. The third step is
- to defer the introduction date of the proxy resource (or resources) for some period based
on :an initial estimate and then:to run another simulation (#3) with the adjusted supply
plan and the decrement load forecast. One then compares the present value (PV) of the
stream of operating costs of Simulation #3 over the planning horizon with those of the
-Simulation #1 (i.e., the base case)-with the goal of making them equivalent. If the
‘deferral period in Simulation #3 is-too short, then the:PV-operating costs will be lower
~than the base case (and vice versa).'The analyst must repeat Simulation #3 with different
proxy ‘deferrals: in-order to-arrive at this point.: Once the optimal deferral is found, the
~last-step is to simulate the dispatch-of the adjusted supply plan with the base ‘case load
- forecast (Simulation'#4). - The PV of operating costs of Simulation #4 will be higher than
- those for Simulation #1:-because of proxy deferrals: The' cost ‘difference between
Simulations #1 and #4 is the value of the deferral enabled by the DSM resource block;
it is used as the basis for avoided cost. To summarize, avoided cost is the difference in
PV of the stream of operating costs between the base case and proxy deferral cases (both
employing the base-load forecast) divided by the load decrement (on a volumetric basis).

1 Although this method can be applied with proxy gas resources that are physical plants it may not be
applicable for some types of contractual arrangements.
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5.3.3 Targeted Marginal Cost

The targeted margmal cost (TMC) method is a composite of the proxy and system

- marginal cost approaches Like the proxy method, it does not require the use of a gas
- dispatch simulation or long-term optimization model; .instead the analyst selects the
. -avoidable resources. Like the system marginal cost approach TMC assigns avoided cost

to the most expensive resources. The defining feature of this method is that the analyst
partitions the supply resources into the types of demands they principally serve—typrcally
base, temperature-sensitive, and peaking loads—then identifies the most costly supply in

- each category and allocates its costs. to the corresponding demand impact (RCG/Hagler

- .& Bailly Inc. 1991; Vlolette and Stern 1991) ‘Figure.5-3 shows a hypothetical LDC load

- duration curve with the loads segmented into the three categones 50 the last resource

dispatched in each category is highlighted (see shaded areas). The hlghhghted marginal
resources targeted to specific demand patterns form the basis for avoided costs of DSM
with the corresponding load—shape impacts. Costs of marginal resources are expressed
on a unit cost volumetric basis in developing avoided-cost estimates. :

-Proponents claim thata Flgure 5-3. Targeted Margmal Approach for Avoided
‘major virtue .of .the . Cost - R , g
TMC approach is that:,;_r —
it explicitly . accounts;
for cost causation (i.e.,
matching type of
~demand. impact to | . = ..

~ resultant supply cost | 50
response)(RCG/Hagler 8

& Bailly Inc.. 1991; |8
Violette and  Stern |-
1991) Unfortunately, 1
‘the causation. is.
asserted by the analyst
rather than

demonstrated through

- the rigors of a supply
planning. process, so |
this benefit depends L
- heavily -on the skill of .
the analyst .to accurately dxsaggregate and match up appropnate supply and demand
elements.

}Teimperamro-smslﬂve ~
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5.3.4 Average Cost Methods

The principal virtue of average costing methods for estimating gas avoided costs is their
simplicity. In this approach, the unit costs of all supply resources in the utility’s portfolio

- are aggregated together, usually weighted by their respective volumetric contribution to
the total sendout. This weighted average cost of gas (WACOG) customarily includes

costs”incurred at the city gate on an annual basis but could in theory be seasonally-

: dlfferentlated and expanded to mclude other costs incurred by LDCs 'such as LT&D

5.3.5

- COSsts.

“These methods are based on embedded cost, whmh disregards many important LDC

system operating characteristics. Further, use of average cost in avoided-cost estimation
assumes that average cost of the current portfoho mix equals margmal cost, which will

~not be true for | many LDCs

Summary of Strengths and Weaknesses of Alternative Avoided-Cost Methods

"~ Methods that rely on complex planning tools may offer the pbtennal for greater

precision, but if they are beyond what is needed for an LDC to adequately estimate
avoided cost, then those methods will not be appropriate despite their general advantages.
With this ‘caveat in mind, some generalized pros and cons of the various methods for
esttmatmg avoxded cost are summarized in Table 5—4

System margmal-cost approaches offer the potentlal for greatest accuracy, showing both
in physmal and cost terms what is avoided through DSM programs. These ‘methods
require the use of a complex supply planning model, which can be costly and introduce
the very real possibility of undetected error because of the formidable data requirements
and “black box” quality of such models. A primary advantage is that use of SMC
methods can help to ensure consistency between avoided-cost estimates and-the overall
planning process. Thus, SMC methods are the .most harmonious with the goals and

process of IRP.

Generic proxy methods are relatively transpafent, and this is their main advantage; proxy

resources are actual supply resources whose costs are generally known. If the DSM
resource block is large enough to permit removal of the proxy resource from the mix,

. then.a complex planning model is not needed to arrive ‘at an avoided-cost estimate.

However, if DSM only delays the introduction of the proxy resource, then a complex

planning model is required to determine accurately the deferral period and the value of

it. The potential weakness of both generic proxy approaches is that they rely heavily on
the analyst’s judgment to properly select the proxy resources. In addition, the proxy
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Table 5-4. Strengths and Weaknesses of Alternative Avoided-Cost Methods

Method oo - Strengths: o oo Weaknesses
System Marginal Cost ° Precise ® Requires complex
® Supply impact model
identified
° Consistent with
resource planning
process
Generic Proxy ® Transparent e Potential for
Model use proxy & DSM
optional mismatch
® Supply impact e Relies on
determined (or judgment
asserted)
Targeted Marginal e Relatively easy °® Heavy reliance on
e No model judgment
required
Average Cost v ° Very easy ® No relationship
No mode! between DSM
required and supply
impacts
° Difficult to time-
differentiate

deferral method includes the computational burden of complex planning models.

The key advantage of the targeted marginal cost approach is the relative ease of
computation involved. No model is required in applying this approach; however, like
all avoided-cost approaches, it requires a base-case supply plan that has been prepared
presumably using a planning model. This method places heavy reliance on the analyst’s
judgment to break the supply mix into its constituent resource types—peaking,
temperature sensitive, and base-load—and to properly choose the marginal resource
within each.

Finally, the average-cost approach is the easiest method, and, like the targeted marginal
approach, requires no significant modeling effort beyond developing a base-case supply
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plan. The disadvantage of this approach is that the computed cost based on the current
portfolio of contracts may differ significantly from the costs actually avoided by DSM
programs. WACOG used in avoided-cost applications tends to underestimate the value
of savings during the temperature-sensitive and peak periods and to overestimate them
in the off-peak period. At best, it should be considered a first-cut estimate of avoided
cost. ,

116



Chapter 6
s ez

6.1

Economic Analysis of Gas Utility
DSM Programs: Benefit-Cost Tests

Overview -

Demand-side management (DSM) programs are typically analyzed using a benefit-cost
framework. This chapter defines the most common benefit-cost tests used, discusses their
uses, and explores technical and policy issues that arise in their application. The benefit-
cost tests currently used by many PUCs have their roots in a report developed by the
California Energy and Public Utilities Commissions: Standard Practice Manual:

~ Economic Analysis of Demand-Side Management Programs (Cahforma Public Utilities

Commission (CPUC) and' Cahfomxa Energy Commission (CEC) 1987) PUCs have also

“derived their benefit-cost tests from the NARUC’s pubhcatlon Least-Cost Utility
-Planning: A Handbook for Publtc Utllzty Comm:sszoners Volume 2 (Krause and Eto

1988).

In prmcxple, a benefit-cost test is the same whether it is applied to electric or gas DSM

- programs. Issues arise in applying the tests, pnmanly because of differences in industry

structure. A total accounting of the benefits and costs of a gas uuhty DSM program will

involve“more entities because gas local” ‘distribution’ companies (LDCs) are not as

vertically integrated as electric utilities. Methods and levels of avoided costs also differ

. between the two industries (see Chapters 2 and 5). Gas LDC services are unbundled for

many customers, so the fuel cost savings of a DSM measure may not entirely flow
through the LDC. Further, demand for natural gas services is generally more variable
than demand for electricity and, from the perspective of the LDC, demand uncertainty
is even greater due to competition from non-LDC gas suppliers and bypass pipelines.

Benefit-cost tests can be used for evaluating a variety of DSM activities, including
conservation, load management, fuel substitution, and load building.? LDCs pnmanly

~‘use the benefit-cost tests as screening tools; that is, they are mostly used for wmnowmg

large numbers of DSM program options. An LDC’s ultimate decision to pursue a DSM
program includes other factors in addition to the standard beneﬁt-cost tests (see Chapter

3).

! One of the first papers to address the benefit-cost tests for conservation programs was a paper by White

(1981).

2 To keep the terminology as sxmple as possible, most of the examples will assume that the DSM program is
a conservation program.
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This chapter is structured as follows. Deﬁmtlons and discussions of the most common
benefit-cost tests are provided in Section 6:2.> Important technical complexities to the
benefit-cost tests are addressed: in Section 6.3. Examples of the tests are provided for
both energy efficiency and fuel substitution programs. Section 6.4 discusses policy topics
including: (1) the role of benefit-cost tests in the broader integrated resource planning
(IRP) process, (2) the ongoing debate over the Total Resource Cost and Ratepayer Impact
Measure tests, (3) frameworks for examining DSM markets and the existence of market
imperfections and (4) alternatives to the standard benefit-cost tests.

The Benéﬁt-Cost Tests

Beneﬁt-cost tests provrde useful economlc ﬁgures of ment as seen from the perspecnve

of different affected partles Some of the most 1mportant perspectives are those of the (1)
customers partlcxpatmg in the. utlhty S DSM program. (parncrpants), (2) customers who

did not parucrpate in the ut111ty 3 DSM program (nonpartrcrpants), (3) the utility, (4) all

utility customers, and (5) all people in a region or society.

For each perspective, benefit-cost tests show the net economic gain or loss that results
from_the pursuit of a DSM program The gain or loss is measured by tallying up the
_ program’s costs and beneﬁts and is_expressed in terms of net beneﬁts (NB) or as a
‘benefit-cost ratio (BCR). Programs are cost-effective if the NB is greater than zero or
if the BCR is greater than 1, .0. In algebraic terms, .

" ANB=B-C | B ()

. of

‘Bcr-B (6-2)
C

The deﬁnmons of equatlon symbols used in all the equahons presented in thrs chapter are
provrded in Table 6-1. In general, Equatlons 6-1 and 6-2 can be computed using benefits
or costs stated on an annualized or present-value basxs For consistency, the following
discussion and examples of the tests assume that the tests are computed on a present-
value basis.

? To keep the drscussxon from being weighed down by technical equations, only sxmphﬁed forms of the
benefit-cost test equations are presented here. Readers interested in detailed equations are referred to Krause and

Eto (1988), EPRI (1991a), and RCG/Hagler Bailly Inc. (1991).
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Table 6-1. Definitions of Terms (in order of appearance)

NB = net benefit

BCR = benefit-cost ratio

B8 = program benefits

C = program costs

p = participants perspective

BR = “bill reductions from DSM program

I = measures paid for by utility or incentives paid to participating
customers

BC = direct cost of DSM measures (regardless of whether paid for
by the utility or participant)

np = nonparticipants perspective

SCS = supply and/or capacity cost savings

RL = lost revenues .

uc = utility program administration costs including shareholder
incentives but excluding incentives paid to participating
customers

u = utility perspective

tr = total resource perspective

s = societal perspective

NB,,, = net benefit of any externality impact of DSM program

Table 6-2 summarizes relevant costs and benefits for each of the perspectives and
provides an overview of the equations that will be described below. The net benefit from
any one of these perspectives may be computed as the sum of all the relevant costs and
benefits. Notice that two of these items—customer incentives and bill savings—are costs
to nonparticipants but are benefits to participants. Figure 6-1 also provides an overview
of the benefit-cost tests in a way that emphasizes the relationships among them. The
figure shows that the. Total Resource perspective .is the. sum-of -the. Partmpant and
Nonparticipant perspectives. The Utility perspective’ plus the addition of lost revenues
equals the Nonparticipant perspecuve Finally, the Societal perspecuve may be seen as
the sum of the Total Resource perspective plus the net environmental benefits of the
DSM program.
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Table 6-2. Components of the Standard Benefit-Cost Tests

Cost or Benefit
‘Component. -

Utility - Resource  Society

1. Participant
Commodity Cost B
Savings'
2. Utility Sapply
‘or Capacity Cost
Savings®.
3. Utility
Program
Administration
Costs*®
4. Incentives B
Paid 1o
Customers . - . L
S5.lost ... B .
Revenues/
Utility Bill

~ Savings

0O o o
O

Impacts R L KL F s NPTy s B T

B = Boneflt
C =Cost "~ :
' Participant Commodity Cost Savings applies only to.transport-only customers; otherwise, reduced
. s ,commodlty ‘costs .are roﬂectad in the utility bill savings. ) .
~*Includes | both avoudad gas commodlty and gas capacity cost savings.
= Utility Program Admiriistration Costs includes any incentive payments made to shareholders.
* Direct Cost:of, DSM measures includes. all measure coste before any utility rebates. -
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~ Figure 6-1. Interrelationship 6f Standard DSM Benefit-Cost Tests

. Utility Cost Test

Lost Utility Revenues

Total Resource Cost
Test

ey

Participants
Test

+ Nonparticipants Test
| ’(Ratepayer impact
-~ Measure) :

- Extemality Benefits
“ orCosts

l Societal Cost Test I

Sotsce: Adapted from Washington Natural Gas (1892)

6.2.1 Participant: Pers:pecti\)e

From the perspective of Participants, costs include the cost of the DSM measure,
installation costs (including the cost of time lost by the participant during the installation),
and the incremental operation and maintenance costs associated with the measure. From
the participant’s view, costs do-nor include the utility’s program administration costs.

On the benefits side, the participant receives reduced utility bills from the DSM measure.
The reduced bills are estimated using estimates of the consumption impacts of the DSM
programs and the relevant LDC tariffs.* Bill savings may also come from the DSM
measure’s impact on other fuels. The customer may also receive an incentive from the

¢ As a simplification for screening purposes, bill savings are computed simply as the product of energy
savings and the average or incremental rate for the customer.
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utility in the form of a rebate or a subsidized loan. These payments to the participant are
additional benefits. If a customer is given a DSM technology, such as a gas water heater
wrap, the customer may never incur any out-of-pocket costs. It is standard, however, for
the Participant test to include both the DSM measure cost and the utility incentive
(rebate) payment and, in the case of utility “give always,” the rebate simply cancels out
the measure costs.

In algebraic terms, the Partlcxpant test is deﬁned as follows:
NB =BR+I-DC (6-3)

It is important to note that the standard formulation of the Participant test does not
include the utility’s supply cost savings (SCS). For sales customers of the LDC, the SCS

- obtained by the LDC are passed onto the participant in the form ‘of a bill reduction (BR).

6.2.2

Modifications to the Participant test for the case of transport-only customers is discussed

“in"Section 6.3. Tt is also important to note that the standard formulation of the Participant

test ignores the impact of any.participant rate changes. It is, instead, convention to have
the Nonparticipants test be a measure of all rate impacts. More sophisticated formulations
of the Participant test can include the effects of any participant rate changes as well as
the any participant energy services charges.’

'Nonparticipant Perspective

" Nonparticipants are utility customers who are either inéligible or chose not to participate

in a utility DSM program. Their perspective is evaluated using the Nonparticipant test.
Although called the Nonparticipant test, the test may be seen as measuring the rate
impact on all ratepayers, even participants.® For this reason, the test is also known as the
Ratepayer Impact Measure (RIM). The No-Losers test is yet another name for this test.

From the perspective of nonparticipants, the benefits of a DSM program consist of the

supply costs savings obtained by the DSM program. Supply cost savings are computed

as the product of the change in .consumption and the LDC’s avoided costs. Although
ratemaking practices may not: flow the ‘supply cost savings immediately to the
nonparticipating ratepayers, under the practice of cost of service regulation, it is
reasonable to assume that utlhty cost reductlons eventually accrue to the benefit of

- ratepayers.

% Energy service cbargeé for DSM are discussed in Chaptér 6.

¢ Because it is convention for the Participant test to not consider rate impacts caused by DSM programs,
there is no double counting of rate impacts when the Participant and Nonparticipant tests are summed.
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On the cost side, nonparticipants are generally charged the utility’s cost of the program,
including incentives and program administrative costs. Further, nonparticipants can be
expected to absorb revenue requirements that the participants were relieved of when the
participants’ bills went down. These revenues are called lost revenues.

In algebraic terms, the Nonparticipant test is defined as follows:
NB,=SCS-RL-UC-1 69

- The Nonpartlmpant test may be seen as an overall measure of the impact on rates
resulting, from the adoption of a DSM program. A rough estimate of the rate impact may
be computed using the Nonparticipant test by taking the negative of the NB,,, levelizing
it using an annuity factor computed using a discount rate and program life, and dividing

it by after-program sales in each year. The resulting rate (in $ per therm) would be the

average rate impact of the program. To compute the rate impact as a percentage rate
increase, the annualized value should be divided by the total revenue requirement in each
year of the program. In general, the Nonparticipant test will produce a negative net
-benefit, and a positive rate increase, whenever the. unhty s rates are above its avoided
cost of servmg the partxc1patmg customer class , :

A notable charactenstlc of the Nonparhcxpant test is that it is: affected by the rates of the
- participant, not the nonparticipant. If rates for participating customers are above avoided
~ costs, the Nonparuc1pant test. will be negative.- Another characteristic of the
Nonpartlclpant test is. its:implicit assumptlon that all DSM program - costs- (program
administration, incentives, -and shareholder. mcentlves) and lost revenues are passed
through to ratepayers rather than shareholders. This is a reasonable assumption over a
long period of time (a time greater than the LDC’s typical rate case. cycle).. The test,
however, may be an.inaccurate measure of nonparticipant impacts in.ithe -short run
because during that time revenue losses and, possibly, program costs may be shared
between ratepayers and shareholders.” It is possible to develop a test that focuses
specifically on the shareholder perspective but such a perspective is not a part of the
standard array of benefit-cost tests. o ‘

" Shareholders will not share in lost revenues if the utility is allowed to make up the lost margin before the
next rate case via a net loss revenue adjustment mechanism or revenue decoupling mechanism. See Chapter 9.
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6.2.3 Utility Perspective

A simple test for the impact of a DSM program on a utility’s revenue requirement is
included in the standard array of benefit-cost tests. The Utxhty Cost (UC) test is defined
as follows: -

Although called the Utility Cost test, this test does not measure impacts on a utility’s
management or stockholders. Instead, the Utility Cost test compares a utility’s supply

~ cost savings to the utility’s cost of delivering a DSM program. As such, the Utility Cost
‘test makes the evaluation of a DSM program similar to methods that evaluate potential

‘gas supply options. An LDC may face a range of technologies (onboth the supply and

~'demand side) available to meet its future demands and the Utility Cost test, which

focuses‘on revenue requxrements, requxres that’ technologles w1th the lowest cost to the

utlhty be chosen

“*"'The Ut111ty Cost test may also be seen as a measure of the change in the average energy
* bills for-all customers. Assuriing the number of customers in the with- and without-DSM

cases are the same, the Utility Cost test measures theinet change in utility costs-and this
change in costs will ulnmately be allocated to ratepayers. A consideration of average bill

" impacts’ can‘'bé important in‘a situation where ‘a utility’s avoided -costs afe below
"+ incremental rates: ‘In such a sitiation, a cost-effective DSM program is likely to result
' 'in a negative net benefit from the Nonparhcxpant perspective but produce a-positive net
' benefit from the Utility Cost perspective. This means that although average rates will rise

as'a result of a DSM program, average bxlls to all ratepayers will go down ‘

: The Utlhty Cost test is similar to the Nonpartrcrpant test except that lost revefiues are not
* considered a cost. Lost revenues, although a cost to nonpartxcxpants do not add to a
i uuhty S revenue reqmrement

6.2.4

Total Resource/Total Technical Perspective

The Total Resource Cost (TRC) test takes the broadest perspective on private costs and
benefits in evaluating the net benefits of a DSM program.® As may be seen from Figure
6-1, the TRC is roughly the sum of the Participant and Nonparticipant tests. Revenue
losses and customer incentives that adversely affect nonparticipants are largely cancelled
out by the bill savings and incentives received by the participants. All that is left is the

® Private costs and benefits exclude externalities.
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direct costs of the DSM measures and the benefits from the utility’s avoided costs.®
Because the TRC represents the combination of the Nonparttcrpant and Participants tests,
it is sometimes called the All-Ratepayers Test. The TRC is defined as:

NB,=SCS-UC-DC (6-6)

With the TRC test, the unhty-to-customer mcentlve is not consrdered a cost Although
~_this incentive is a cost to the utility, it is cancelled out by the benefit received by the
~ participating customer.

It 1s generally accepted that shareholder mcentlves are-a cost to be included in the UC
 term of the TRC test Shareholder mcentwes ‘may be considered a management fee paid
to stockholders to assure the efficient dehvery of a DSM program 10

Like the Participants test, the TRC test should measure the costs and benefits of a DSM
- program across all affected fuel types. This is an important consideration for many gas

DSM programs For example, a fuel substrtutlon program that promotes gas-powered
chillers over electnc chrllers will actually increase the gas supply costs.. The electric
. supply cost savmgs may exceed the added gas supply costs, however 7

A vanant of the TRC test is the Total Techmcal Cost ('ITC) test The ’ITC test is like
the TRC test but does not include any program administration costs. The TTC test may
. be computed by usmg Equanon 6-6 and setting the UC term to zero. The TTC -test is
consrdered useful by some states asa screenmg tool for the development. of a _portfolio
of DSM measures When the TTC test is used,  program admlmstratlon costs are added

,,,,,

usrng the TRC test

~ ® There are a few reasons why the sum of the net benefits from the Participant and Nonparticipant
perspectives will not always sum to the TRC. First, different discount rates may be used for different
perspectives. Bill savings for the Participants test may be discounted at a different rate than the revenue loss of
the Nonparticipant and they will not cancel each other. Second, it is standard to include the gross energy savings
(including energy savings obtained by free riders) in the Participant test but only include net savings. in the
Nonparticipant test. :

' Some analysts have argued that shareholder incentives based on shared savings are not a true cost to be
counted in the TRC test but are, instead, simply a transfer of a portion of the net benefits from ratepayers {0
shareholders.
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6.2.5 Societal Perspective

The Societal test has been developed to address concerns that there are unpriced impacts,
known as externalities,"" caused by energy consumption:'

NB,=SCS+NB_~UC-DC 67

Societal externalities are often identified as environmental externalities caused by natural

- gas production and consumption. The most common environmental externality considered
is air pollution impacts including greenhouse gas pollutants. Whereas air quality 1mpacts
of electricity production occur primarily at the source of production, natural gas air
quality impacts tend to occur at the point of consumption. Other environmental
externalities, such as land or water use” 1mpacts could also be conmdered

- Nonenvironmental externalities can also be considered and melude the impact of Changes
natural in gas production and consumption on the local economy and on the Nation’s
trade deficit and rehance on forelgn energy sources.

»*'Unhke the other benefits and costs that have ‘been 1dent1ﬁed so far, the estimation of

- externality values are controversial due to the inherent uncertamty of trymg to assign

‘monetary values to them. Several PUCs have included certain environmental externalities

in their long-term electric resource planmng process and at least 18 PUCs consider the

use of externalities in their gas IRP or DSM planning processes (Natxonal Association of

~ Regulatory Utility Commissioners (NARUC) 1992). Compared to electric resource

~planning, however, the development of externality values for natural gas consumption is

“unlikely to receive the same level of regulatory focus given that natural gas' burns cleaner

~ “than other fossil- fuels One way gas combustion externahnes will arise in a gas IRP

context is in the examination of fuel substitution programs. Natural gas utllmes in several

~states have developed externality values for gas combustion, along with extemahty values

for electricity generation, to allow for a computation of the Societal test for fuel
substitution programs. (See Chapter 5.)

Example calculations of the benefit-cost tests are presented in Exhibit 6-1, Table 6-3, and
Figure 6-2 for a hypothetical DSM program wherein a gas LDC promotes the purchase
of high efficiency residential gas furnaces.

' An externality is a benefit or cost resulting from the production or consumption of goods in a market that
accrues, unpriced, to a party outside that market. Inefficiencies result because, even if the market equates
private costs and benefits on the margin, the externality goes unpriced and causés a level of consumptxon that is
not optimal from a societal perspective.

'? Some states have modified their TRC test to include the effects of externalities rather than creste a new
test. In this primer, the incorporation of externalities is reserved for the Societal Cost test.

126



Exhibit 6-1. Benefit-Cost Analysis for a Hypothetical High EfflClency Gas
Furnace Program

To illustrate how benefit-cost tests are used to analyze gas DSM programs, a
hypothetical program promoting high-efficiency furnaces is analyzed. The basic data
and assumptions regarding the program are shown in Table 6-3. The program should
be considered hypothetical, but numbers typical for gas utilities and the DSM
technology were chosen. Avoided costs are estimated based on national average
prices for natural gas delivered to LDCs and assumptions were made regarding the
degree of seasonal variation in avoided costs and the amount of pipeline demand
charges that are avoidable. Retail rates are based on national average data {American
Gas Association 1992). Escalation rates are based on a recent GRI forecast (Holtberg
1893). With regard to discount rates, an 8% real discount rate is used for
participants and a 6% real discount rate is used for-all other perspectives. (See
Section 6.3.1 for a discussion of discount rates.)

The program offers a $300 incentive to induce customers into buying a high
efficiency condensing furnace. The example generally assumes that the participating
customers would already be in the market for a furnace so the cost associated with
the energy efficient technology is only its incremental cost over.the. standard
technology. The analysis looks at the lifetime benefits and costs that come from one
year of participating customers—400 in total. To implement the program, the utility
will spend $40,000 in program administration costs, 25% of its total payout m

-_incentives.

Results for the program are shown in Figure 6-2. The program is clearly a
winner for participants with a net benefit of $230,000, a BCR of 1.43. For
nonparticipants, the revenue loss, incentives, and program administrative costs
exceed the supply cost savings and results in a loss of $274,000. The program
shows positive net benefits for the Utility Cost and Total Resource Cost tests of
$58,000 and $18,000, respectively. An important caveat to these net benefit figures
is that it takes a considerable time, approximately 10 years, before the accrued
avoided cost benefits outweigh the DSM measure costs. Thus, results would be very
different if the gas avoided cost escalation rate was lower than the chosen rate of
2.5%/yr. Note also that the Participant and Nonparticipant tests do not sum to the
TRC test because the bill savings seen from the Participant perspective is discounted
at a different rate than the revenue loss seen from the Nonparticipant perspective.

If the reduced emissions from residential furnaces are considered, the net
benefit increases by $7,000 to a total of $25,000. Reduced emissions in this
example are valued at $0.015/therm, using estimates by Atlanta Gas Light in its
recent IRP plan (Atlanta Gas Light Company 1992).
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Table 6-3. Summary of Program Data for Residential High Efficiency Furnace
Program :

(1 993 dollars unless otherwise noted)

_ GENERAL ASSUMPTIONS
Discount Rates (real) :
Participant . . ...... [T S T Cvieie eie R N : 8%
All'other perspectives . .............esoaun Ve P 6%
Noofparticipants .. ........cvuuviiiinenennn el 400
Effective life of measure (yrs) .. ................. i e 30

PER CUSTOMER DSM PROGRAM DATA
Gas load impacts, winter only (th/yr) ... ... ...... e e e : 88
incremental gas DSM measure costs .. ...... e EEEEE 400

UTILITY COSTS
Utility incentive, per customer . .....:. PO e ' 300

Utility costs, administration ................ BT T 40,000

AVOIDED COSTS (AC)

Winter energy (S/th) . . . . .. ... i i e e 0.33
Real annual escalationin AC . ........ ... .. i, : 2.50%
RATES | ; | B ,, .
Winter energy ($/th) . ................ O I . 0.63
. Real annual escalationinrates ......... eee e e a e aiele e e e s 0.70%
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Figure 6-2. Benefit-Cost Tests for a Residential High Efficiency Gas Furnace
Program

EEZ3 Enviro. Benefits
£ Avoided Costs -
Measure Costs
[ Bill Savings/Lost Rev.
ESSES Customer Incentives -
[ Utsity Admin, Costs
| —— Netimpact

400,000
300,000 -
200,000
& 100,000 |
Lid
2
(8] 0
-8
% (100,000)]
&
(200,000)
(300,000) : : R - =
(400,000)
‘Participant Nonparticipant Utility - " Total Resource’ Sccietal
Costs ond Benefils by Pe:rspedivi/;é:zf(lQSB Dollars) , ,
Component Participont Nonportitiponl' Uﬁi_lity Tolal Resource Societo!
Customer Incentives 120.000  (120,000) (120.000)
Bill Savings/Lost Rev. | 269.709 (332.483)
Meosure Costs (160.000) (160.000) (160.000)
Avoided Costs 218,301 218.301 218,301 218,301
Ulility -Admin.- Costs™ | (40.000) {40.000) :7-(40.000) (40.000)
Enviro. Benefits 7.268
Net Impact 229.709 (274.182) 58.301 18,301 25.569
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6.3 Technical Issues in Application of Benefit-Cost Tests

~ 6.3.1 Discount Rates

DSM measures represent investments in capital to obtain a stream of energy savmg
benefits over time. The trade-off between a dollar invested today and benefit realized in
the future is done using discount rates (also known as the time value of money or the
oppon‘umty cost of capital). Different discount rates are sometimes used for the different
perspectives.'® Various methods for choosing discount rates are briefly discussed in this
sechon see EPRI (1991a) for additional discussion.

When the DSM program is sponsored by the utility, it is common to apply the utility’s
cost of capital to the utility perspective. Often the utility’s weighted average cost of
capital (WACC) is used as a proxy for the utility’s marginal cost of capital, although in
theory the appropriate discount rate is one that reflects the utility’s cost of incremental
capital with proper adjustments (up or down) for risks associated with the DSM program.

, For -energy utility customers pamClpatmg in the DSM :fp ogram there are two general
4 approaches for determuunguthe discount rate _The first is to look at the cost of funds
available to consumers in r "]forld financial ‘markets. Mortgage rates-or credit card
‘Tates -are commonly—used indicators of ‘discount rates to small consumers. The second
approach is to look at the implicit discount rates that customers apply in making decisions
regarding energy services. For example, it is possible to compute discount rates based
on aggregate data on purchases of efficient and inefficient appliances where customers
are trading off first costs agamst future energy savings.

Nonpart1c1pant discount rates may also be set by estimating the cost of funds to
nonparticipating customers. A common simplification, however, is to simply set the
nonparticipant’s discount rate at the utility’s discount rate.

For the TRC and Societal perspective, either the utility’s cost of capital is used or there
is an attempt made at computing a social discount rate. The utility’s cost of capital is
often used because it is the utility who is sponsoring the DSM program and will have to
finance the DSM measures. Others advocate the use of lower discount rates for the
Societal perspective. Social discount rates have been estimated by looking at discount
rates on very-low-risk, long-term investments, such as 30-year Treasury Bills.
Proponents of such methods argue that utility DSM programs affect a wide range of

"* It is preferable to use the marginal opportunity cost of capital for all tests as opposed to a historical cost
of capital or an average cost of capital.
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people for a long period of time and that societal discount rates should be used as a
matter of equity for future generations who will have to live wrth the effects of long-term

energy resource decisions that they had no say in.

Fmally, some analysts strongly reject the notion that discount rates should vary by
perspective. Instead, one discount rate should be used. that reflects the risk-adjusted

- discount rate appropriate for the DSM program (Alexis 1993). To estimate. this discount

- 6.3.2

-rate, one would estimate the cost of capital if the DSM program operated as a venture

separate from the utility.*The variation in cash flows from the (hypothetical) stand-alone
DSM: program would be estimated. The cost of capital would be equal to the cost of
capxtal of other mvestments avaxlable with similar variation in cash ﬂows

Free Riders and 'Driyers- :

In certmn utility DSM programs, some participating customers would have installed the

| promoted DSM measure even if they were not provrded an incentive. These types of

customers are ‘known as free riders. A particular participant may | be free rider in one year

~ but not in another For example a customer may have adopted an energy efficient

technology lmmedxately due to a ut111ty program. Thls customer is a non-free rider for

~ the first four years, but is a free rider from year five onwards. Similarly, a customer
‘may-be a free rider for only part of his or her savings. For example, a utility program

that-promotes buildings that are 30 percent more efficient than current building codes

-should not-count the savings made by customers that would, even without a program,

build in efﬁcxency in excess of the building codes by 15 percent.:In this case, a portion
of the savings from free riders should be excluded.

With respect to the standard benefit-cost tests, the nonparticipant, utility, and total
resource perspectives should be adjusted to incorporate savings after the effects of free
riders are taken into account.: This is typically done by applying a “net to gross” ratio

‘(equal to the fraction of participants who are not free riders) to the energy savings. In

the case of the Nonparticipant test, the net-to-gross ratio is also. applied to the lost
revenues and, for the TRC test, the net-to-gross ratio is applied to the measure costs.
Utility program administration costs are usually unadjusted under the assumption of free
riders. Because both the measure costs and supply cost:savings of free riders are
excluded, the net effect of free riders on the TRC test is typically much smaller
compared to its effect on the Nonparticipant or Utility Cost tests (see Exhibit 6-2).

Frree drivers are customers who modxfy their behavior as a result of a utility program but
to a greater degree or at a lower cost than a standard participant. For example, a free
driver might adopt the measure promoted by the utility but never bother to apply for the
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6.3.3

Exhibit 6-2. The Effect of Free Riders

Figure 6-3 provides an example of the effect of free riders on the high
efficiency furnace program presented in Exhibit 6-1. The.example assumes that 35%
of the participating customers who receive the utility’s $300 incentive would have
bought a high efficiency furnace anyway.

Free riders have no effect on the results for the Participants test, because it is

standard-to base the test on gross energy savings, which includes savings obtained
by free riders. Results diverge, however, for the Nonparticipant, Utnlnty Cost, and TRC
tests. In the Nonparticipant test, only net lost revenues are included—a- certain
amount of revenues would have been lost anyway to the free rider participants.
Similarly, the avonded costs are reduced because only. the net partlclpants really save
the utility supply-srde costs relative to the base case. Because avoided costs are
lower than incremental rates in this example, the net benefit increases to - -$234,000
from -$274,000. From the utility’s perspective, costs do not change, but benefits
decrease. In effect, the utility must make a business decision to pay:customers for
measures they would have installed anyway as a way of reaching all possible
_participants, including those that generate real savings. The result of free riders in this

~example is a decrease in the Utility Cost test from $58, 000 10 -$18,000.. For the TRC
and Socletal tests, supply cost savings, direct measure costs, and envrronmental

‘beneflts (|f apphcable) are both reduced and the program net beneflts hover near Zero.

utility rebate Another example of free dnvershlp is when partrcrpatmg customers pay

greater. attention to-energy efficiency in purchase ‘decisions made subsequent to the

.conclusion of the utility’s program. Free drivers can be incorporated into the benefit-cost
- tests by either increasing the energy savings attributable to the program and/or decreasmg

the programincentive payments per unit of energy saved.

;Program and Admxmstranve Costs

For purposes of analyzing a proposed DSM program, 1t is necessary to 1dent1fy the cost
of running a utility DSM program. Program and administrative costs can include several
types of costs such as development, start-up, administrative, promotion/advertising, and
momtonng and evaluation (M&E)."* Shareholder incentives, if any, should generally be
included in program and administrative costs. Although shareholder incentives are not
a “cost” to the utility they are usually considered to be an added cost to nonparticipants,

oM Utlhty program and administrative costs should not include the actual incentive paid to the participating
ratepayer even if the utility buys or installs the measure |tself Such costs should be measured in the incentive

payment (I) term

132



Figure 6-3. Benefit-Cost Tests for a Resudentnal Hugh Efficiency Gas Furnace
Program with Free Riders

EEER Enviro. Benefits
=27 Avoided Costs
Measure Cosis
£ Bill Savings/Lost Rev.

; 3 Customsr incentives -
[} LAdity Admin. Costs
Net Impact -
400,000
300,000 | -
200,000 -
100,000

‘ Benefits or Costs ($)
(=)
]

(100,000)
(200,000)
(300,000)
‘Participant  Nonparticipant Utifity: Total Resource : ~  Socistal
Costs ond Benefils by Perspective (1993 Dollars) - :
Component Participont Nonparticipont Utility Tota! Resource Societo!
Customer incentives 120,000 (120.000). (120.000)
Bill- Savings/Lost Rev. 269.709 . - (215,114)
Measure Costs (160.000) . - ‘ , (104.000) . -(104,000)
Avoided Cosls 141,896 141,896 141,896 141,896
Utility' Admin, Costs | 7 (40.000) (40.000) (40.000) {40.000)
Enviro. -Benefits . ' ' : s 4.724
Net Impoct .- 229,709 (234,218) (18,104) (2.104) . 2,620

Nole: .posilive numbers are benefits, negalive numbers are costs
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Table 6-4. Partlclpation Variables Used to Project Utility Program and
Administrative Costs

Cost Driver
~-Lumulative - - S
“Participants - Fixed

Sarticipants

. Program Management X
Clerical Support X
- Field Support X
““Audits
Site Visits
Measure Cost
Measure Installation
Measure O&M
Inspection
One-time Incentive Processmg
Ongoing Incentive Processing
Removal & Reinstallation
Monitoring
.. .Evaluation
"- Source: EPRI 19912

KXX XX XXXX
x
X XXX

b 4

revenue requirements (as measured in the Utility Cost test), and to all ratepayers (as
measured by the TRC test).

A challenge in analyzing a DSM program is how to accurately estimate all the. utility’s
program and-administrative costs and determine which ones to associate with particular
DSM programs. Table 6-4 identifies 14 types of distinct costs and indicates whether the
cost is likely to be driven by new participants, cumulative (existing) participants, or is
fixed rggardlgss of the size of the DSM program.

Some program costs, such as measurement and evaluation (M&E) costs, are driven by
more than one factor. The overall purpose of M&E is to see how the program performs
over time and whether it performs as initially estimated. For every new participant, there
are costs associated with including the participant in the M&E program. Once included,
there are ongoing costs associated with the continuing monitoring of the participants and
any control group. Finally, there are fixed costs associated with the overall corporate
M&E capability and the analysis of DSM program effectiveness. It may make sense to
associate the per participant and cumulative M&E costs with a particular program but
assign the fixed M&E costs to the utility’s entire DSM portfolio. If the M&E program
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6.3.4

is set up to reduce the uncertainty surrounding the delivered savings.of a particular
program or to provide information to make mid-course corrections, then it is clear that

- the M&E costs should be assigned to a particular program or set of programs. Whether
to include these costs as a cost of a particular DSM program or a portfolio of programs

can, however, depend on the purpose of the M&E effort. Given that a gas utility DSM.

‘programs are relatlvcly novel some of a utility’s M&E funcnon may be con51dered a

f‘If signiﬁcant effort has been made to accurately: estrmate utlhty ”program and

administrative costs one should, for the sake of accuracy, check that similar costs were

"mcluded in proposed supply options as well.

_Analysis of Programs that Affect Multiple Fuels

’ 4Many DSM 1 measures can affect the consumptlon of more than one fuel. For example

in the case of improvements to building shell efﬁc1ency there is a reduction in the use
of all fuels used to provrde heating. Even if gas is the primary space heating fuel, there
may be incidental impacts on wood use or electric use. ‘Electricity consumption may be
further reduced if the buﬂdmg has an electnc air. condmoner

If the effects of a gas DSM measure on the consumption of: other fuels is qu1te small, the
impacts-are typxcally excluded from the benefit-cost tests. For some DSM programs,

however, a major goal is to impact multiple fuels (e.g., fuel substitution programs that
promote a gas technology as.a substitute to an electric technology). In such cases, the
Participant, TRC, and Societal tests should include the impact of both fuels. This adds
complexity to the analysis but is necessary to insure-that positive net benefits accrue to
participants and to all ratepayers or society as a whole. Although the Participant, TRC,

.and_Societal Cost tests should be evaluated across all affected fuel ‘types, the

" Nonparticipant test and the Utility Cost test should first be evaluated for the customers

of each utility because customers of one affected fuel type may have little or no overlap
of customers of another fuel type. Once such single-fuel tests have been computed, it
may be useful to combine the Nonparticipant or Utility Cost test across all affectéd fuels.
Combined tests show the average rate impact (Nonparticipant test) or revenue
requlrement impact (Utility Cost test) of the program within the combined set of utility
service territories (see Exhibit 6-3).

!> Apparently because of the research function that M&E provides, California’s Standard Practice Manual
recommends excluding all M&E costs from the utility’s program administration costs (California Public Utilities
Commission (CPUC) and California Energy Commission (CEC) 1987).
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Exhibit 6-3. Beneflt-Cost Analysis for an Electrlc-to Gas Fuel Substitution
Program

A hypothetical program that promotes the use of air conditioning powered by
gas-driven chillers over conventional electric chillers illustrates some issues that arise
in the economic -analysis of fuel substitution programs. Table 6-5 summarizes

. assumptions and relevant data on costs, savings, and utility rates. Target customers
are operators of commercnal buuldmos that are considering the purchase of an electric
chiller either to replace an existing one or because the:r butldmg is under construction.
The incremental cost of a gas driven chiller is $25,000° per building and the utility is
offering an incentive of $12,500. Under the utility’s tariff, commercial customers pay

I $0.55/therm, which is a national-average rate. Incremental gas supply costs are lower

than the avoided costs presented in Exhibit 6-1 because the increased gas use will
occur in the summer. Electric avoided costs and rates are roughly based on. an electric
utility that has deferrable gas-fired resources in its resource plan. Forecasted

escalation rates are from GRI (1993).

To fully analyze program impacts, both gas and electric customers should be
considered. For the Participant and TRC tests, the impact of increased gas supply
| .~ costs and decreased electric supply costs are incorporated. Separate Nonparticipant
tests are developed for gas and electric customers, however. Participants have a net
 benefit of $8.7. mulhon (see Fugure 6-4). The beneflts come primarily from the
electncnty ball savmgs ln companson, the gas utnhty s mcentlve payment is small

To nonparticipating customers of the gas utility, the program also prOvides
benefits because the incremental revenues outweigh the extra gas supply costs,
sincentive.payments, and program administration costs. The program provides
negative benefits to nonparticipating customers of the electric utility, because the
- avoided. cost: beneflts are exceeded by lost revenues.

From the Total Resource’ perspectlve, the benefits of the program are the
electric avoided cost savings net of ‘the incremental gas costs, measure costs, and
program admiinistrative costs. In this example, the net beneflt of the program using
.the TRC test is $9.4 million. . - -
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Table 6-5. Summary of Program :b,ata for an Electric-to-Gas Driven Chiller
Program

(1983 dollars unléss otherwise noted)
GENERAL ASSUMPTIONS
Discount Rates (real)

Participant .. L 8%
All other perspectives . .......... Lt e et in ettt ey, 6%
Rate class of participants . ... ... vtetetne e ie et e commercial
Number of participants .......... et h e e i eens e e e, 100
Effective life of measure (yrs) ... .... P S 15

PER CUSTOMER DSM. PROGRAM DATA

Gas load lmpact summer only (thlyr) ....................................... -15,000
Annual Electnc Load Impacts Rt

Demand summer on-peak. (kW) P DR 126
Enorqy' ummer on—peak kWh) .. ...... k - 131,888

Energy summer off-peak (kWh) e 43,963
Gas-dnven chlller mcromontal cost 25,000
UTILITY. COSTS g DR S :

Ges utility incentive, per customer 1@ S‘IOOIton) el P R S © 12,500
Gas utlllty costs, admmlstranon e e e '. ,‘ ........ : L I 2,SOQ,OOO
AVOIDED COSTS (AC)

Gas AC = Incremental Supply Costs

Summerenergy ($/th) . .. ..t . i i i e e e 0.24
Real annusl escalation in AC .. .. ... ... .. it utiununn e, 2.50%
Electric AC

Demand summer on-peak ($/kW/mo) ........... . 10.83
Energy summer on-peak ($/KWh) . .. .vuein i ieei e e ie e e et e 0.04
Energy summer off-peak (S/KWh) . ... i e e e e e 0.04
Real annual escalationinenergy AC . ... .00, . .. e 2.40%
RATES

Incremental summer gas rate { $/th) ........................................ 0.55
Real annual escalationinrates . . ... .......uieinniinenn et i 0.80%
Incremental Eiectric Rates

Demand summer on-peek ($/kxW/mo) ............ . 16.25
Energy summer on-peak ($kWh) ...........0cuc0u.. S et bt a e 0.06
Energy summer off-peak ($/kWh) . ........... e e e et - 0.08
Resl annual escalationin rates . . . ...... T 1.60%
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Figure 6-4. Benefit-Cost Tests for an Electric-to-Gas Fuel Substitution
Program: Commercial Gas Cooling-
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Component Participants NOéugSorGuﬁmsnt hé?:c%?iglﬂ%ﬁw Toto! Resource)
Customer Incentives 1,250,000 (1.250,000) 0 0
Bi!l Savings/Lost Rev.—Gas | (7.523.917) B.562,779 0 0
Bill Sovings/Lost Rev.~Elec | 17,467,841 0 (19.926,093) 0
Measure Cosis (2,500,000) 0 0 (2,500,000)
incremento!l Gas Supply 0 {4.141,756) 0 (4.141.756)
Avoided Costs—Elec 0 0 16,878,331 16,878.331
Utility Admin. Costs 0 (875.000) 0 (875.000)
Net Impoct 8,693,924 2,296,022 (3,047,762) 9,361,574
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6.3.5 Interruptible and Transport-Only Customers

-~ Interruptible customers and transport-only customers represent significant amounts of
throughput for many gas LDCs. If a utility wishes to offer a DSM program to these
Customers, special attention should be given to the assumptions used in computing the
benefit-cost tests. :

Interruptible customers, by definition, are not provided the same degree of reliability as
are firm customers. If the avoided costs include any components that are based on supply
side projects that provide reliability, they should be excluded from the avoided costs used

- to evaluate DSM programs provided to interruptible customers. In other words, avoided
«cost should only include commodity components.

Transport-only customers do not buy gas commodity from the local utility. Further, with
the advent of capacity release programs offered by interstate pipelines, the transport-only
customer may not even.rely on the local gas utility for upstream transportation rights.
Thus, the costs avoided by a gas utility promoting a DSM program to transport-only
customers may be very low.'s One way to incorporate these lower avoided costs is to
modify the Utility Cost and Nonparticipants tests to include only the utility’s avoided
‘costs. Not only should this modification be made for customers who transport their gas

 today; it should be made for customers who are forecasted to take transport-only service

_in the ,~fut"ur<;., Unfortunately, such forecasts are hard to make with certainty. The
combination of lower avoided costs and uncertainty over the forecasted service choices
of customers makes it very difficult for DSM programs offered to current or potential

~ transport-only ‘quSt‘omersV to pass these two tests. In contrast, the Participant, Total
Resource, or Societal Cost tests should look at both the utility’s and the participant’s
avoided costs. When the avoided commodity costs of the transport-only customer are
considered, a DSM measure may still provide considerable benefits. One of the few
states that has authorized its investor-owned gas LDCs to offer DSM programs to
industrial customers is California. One California combination utility, Pacific Gas and
Electric Company, used the modified Utility Cost test as part of its review of bids under
its pilot DSM bidding program. ‘

'6 Because most gas utilities are effectively obligated to serve transport-only customers when they chose to
-return to the utility for commodity service, it may be appropriate to credit DSM for the avoided standby cost
benefits that it provides.
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6.3.6 Period of Analysis

Careful consideration should be given to the time frame chosen for the analysis of the
DSM program. Usually, one of two time frames is chosen: the length of the expected life
of the DSM measure or a fixed planning horizon (RCG/Hagler & Bailly Inc. 1991).

Choosing a time frame equal to the life of the DSM measure is attractive because it is
an easy way to capture the full benefits that accrue from the near-term adoption of the
DSM measure.” In selecting the life of the measure, it is important to take into
consideration factors that may affect the useful life beyond its phys1cal life. If the

~measure is installed in a building, its life may be cut short by remodels, demolitions,

‘and, possibly, ownership changes. Further, as noted in the free rider discussion, above,
certain measures may be eventually adopted in due course without a DSM program.
Rather than decrease the net-to-gross ratio, it may be more straightforward to simply
shorten the effective life of the measures.' An added complication occurs when the gas
'LDC DSM programs serves customers that may bypass the LDC before the end of the
effective life of the DSM measure. From the perspective of the utility or nonparticipant,

it'may be necessary to effectively shorten- the life of the DSM measure to account for the
fact that the benefits of the measure will no longer accrue to the uuhty/nonparucxpants
after the customer leaves the LDC’ system :

A ﬁxed-penod time frame may be useful when the modelmg of DSM programs is more
sophisticated or is done in:comparison to a specific supply side plan. Time frames
‘ranging from 5 to 20 years are all common. DSM measures may be installed over a
period of years, not just in the first year. If the effective life of a measure is less than
~‘the planning horizon, a choice must be made regardmg its replacement either the device
reverts to the base case efﬁcxency level or the same efﬁc1ent measure is remstalled 19

7 Such an approach was taken in the preparation of the examples in this chapter.

'8 Shortening the effective life of DSM measures is an appropriate way to model free riders who, as a result
of the utility DSM program, adopt the measure sooner. Free riders whose consumption was totally unaffected
by the program should be modeled as a reduction in net program savings rather than by shortening the effective
life of the DSM measure.

It is possible that the base-case technology at the time of replacement may be similar to the efficient
technology promoted by the utility in the first place. In this case, even though the efficient technology is
reinstalled, it should not add to program-related savings.
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6.3.7 Taxes

6.4

Taxes may affect the results of the benefit-cost tests in at least four dlfferent ways. First,

utility incentive payments received by commercial and industrial customers are treated

as taxable income and reduce the effectiveness of incentive payments. Rebates made to
residential customers are not taxable under federal law so taxes are not a factor for
re51dent1a1 programs. i :

;Second llke any other busmess act1v1ty, utllmes wﬂl pay sales taxes on goods and

services purchased for the delivery of demand-side programs. The cost of these taxes
should not be ignored when making cost estimates (RCG/Hagler &-Bailly Inc. 1991).

Third, utility income is taxed, typically at an incremental rate of 35 percent or more and
this rate can have a significant effect on the utility’s avoided costs and discount rate.
Although income taxes are a real cost to a utility, it may be fallacious to use it in a broad

- -perspective such as the. TRC- or ‘Societal Cost test. This is because ithe .increase or
- decrease in. DSM activity - has probably little or. no affect on the federal or state
- .government’s budget. One strategy. is to remove corporate income taxes: -completely from
the analysis. The easiest ‘way to do.this is to remove the effect of income tax on the cost

of capital used in either the TRC or. Societal Cost tests. If this is done, care must be

- taken to remove.the impact of taxes from not only the discount rate, but any supply- or

demand-side capital costs that have been annualized (such as the capacity component of
avoided costs).

Fourth, many utilities are charged (and pass on to their customers) taxes that vary with
revenues: sales taxes, franchise taxes, gross receipts taxes, and utility taxes. As a result,

~the bill savings seen by.a customer:mayj;.in effect; be larger than the revenue reduction
~seen by the utility. As with the treatment of corporate income:taxes, the best treatment

of. revenue-related taxes -is-not obvious because the. reduction in tax revenues from a

- DSM program ‘could possibly lead to an increase in the tax rate by the taxmg agency or
a-reduction in the level of service by the agency.

Pohcy Issues in the Application: of Beneﬁt—Cost Tests

Thls section addresses some of the broader issues rmsed by the use of benefit-cost tests.

First, the role of the benefit-cost tests in the larger IRP framework is discussed. Second,
there is a discussion of the policy debate regarding which is a better primary test: the
TRC or RIM test. The heart of this debate depends on estimates of the degree of market
imperfections and a framework for assessing such imperfections is provided. Finally,
emerging benefit-cost tests are described.
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6.4.1 Role of the Benefit-Cost Tests in the IRP Framework

The benefit-cost tests are most ‘useful for screening DSM programs, along with the
screening of supply-side resources; in‘a resource integration phase and in an evaluation
of multiple' altemnative plans (see Chapter 3). At this point in an IRP analysis, other
objectives can be considered and items that may have been simplified or-ignored in the
computation of the standard benefit-cost tests can be incorporated. For example, a DSM
program may affect avoided costs or have reliability impacts and both of these impacts
‘should be considered in-a ‘full IRP analysis.?® Further, a full IRP analysis' may include
an uncertamty analysm whlch would test for potentlal beneﬁts and costs not-covered in

6.4.2 TRC Versus RIM Whlch Test is Best" =
: There isa long-standmg pohcy debate over the appropnate tests to use for determmmg
the level of cost-effective DSM ‘that should be pursued by a utlhty Most of the debate
has ‘been ‘conducted with regard to electric utility participation in DSM programs, but
PUCs have also grappled over which test to use for the evaluation of gis LDC DSM
programs: ‘'The debate i is often formulated in terms of which test- should be considered

. primary ‘in the economic analysis of DSM programs: the TRC test or the Nonpartlmpants
test (also' commonly known as the RIM - test). ,

Argumems for the IRC Test

:"Proponents of the TRC test-argue that itisa broad test that measures-all the pnvate costs

- and-benefits applicable to-energy consumers. The TRC test measures the total cost of
energy services, including the portion of costs that-customers contribute towards the
-purchase .of a DSM measure. Further,-if the related Societal Cost test is used, then
externality costs and benefits can be ‘added to the private costs and benefits‘included in
the TRC test.

Results of a recent NARUC survey suggest that among those PUCs that responded: (1)
the TRC test has broad support (18 of 23 PUCs) and (2) the TRC, Utility Cost, and
Societal tests are specified as the primary. test most frequently (see Table 6-6). The main
-reason that the TRC, Societal, and Utility Cost test dominate as primary tests is because

2 For the interaction of DSM programs and avoided costs, see Energy Management Associates (1992) and
Kahn (1992).
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Table 6-6. Benefit-Cost’ Tests Used by 23 Publlc Utlllty Commussnons for
- Evaluating Gas DSM Programs -

Total Total. o ,
Respurc,e_r_fl'echmcal -Societal

- Alabama PSC -
California PUC
Connecticut
DPUC
DC PSC , P
Florida PSC 0
Georgia PUC

- Idaho PUC
ilinois CC =~ 0
lowa UB 0

“Maryland PSC Y : .
Massachusetts g RN : , P
DPU . : PRRTES :

Mlchlgan PSC

_Minnesota PUC

. Missouri PSC

“I "New Jersey BRC

1. -'New York PSC .
" Nevada PSC
.Oregon PUC = A
Pennsylvama, | P. P

PUC - R 1 ‘
Virginia SCC (o8 0 0 , v
Vermont PSB : ' P
Washington ’ P P
urc - ' :

Wisconsin PSC o : o0 .. P P P (o}
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o

Total Primary 3 2 9 15
Total Other 10 9 7 3
Total Count 13 11 16 18

N = =
w

P = Primary Test(s) Used at PUC
O = Other or Nonprimary Test(s) Used at PUC

Source: NARUC {1992) and LBL and GRI data
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PUCs want DSM to be treated like any other energy resource. When DSM is treated as
a resource, its costs, whether it be to the utility (Utility Cost test) or the utility and the
participants (TRC test), are simply compared to supply cost savings that are avoided. The
primacy of the TRC/UC tests may also be attributable to the general IRP goal of using
the benefit-cost tests primarily as a-screening tool that precedes the more complex
resource integration phase. In this context, it makes sense to consider only the resource

- costs of the DSM resource. Many PUCs consider rate impacts important too, but do not
require that individual programs pass the RIM test. Instead, overall rate impacts of the
portfolio of DSM programs is estimated. Under this framework, programs that pass the
"TRC but fail the RIM test may be pursued so long as the overall rate impacts are
tolerable.

- Arguments for the RIM Test

Proponents of the RIM test favor it for two reasons. First, the RIM test is a measure of
distributional impacts of a DSM program. Proponents of the test claim it is unfair to
nonparticipants to approve .utility DSM programs that will on balance, bring no net
benefits to the nonparticipant.” An integrated resource plan that includes DSM programs
that pass the TRC test but fail the RIM test will be least-cost, . but unfair. Customer
classes that do not receive the bulk of the benefits of utility DSM programs, such as
large commercial and industrial customers, have tended to support the RIM test as a
result. Second, and more controversial, some energy mdustry participants have argued
that the RIM test is a better measure of overall economic efficiency than the TRC test;
- that is, the RIM test does not just measure the net benefits of nonparticipants but is
instead a measure of the overall net benefits of a DSM program (Joskow 1988; Kahn
1991a; Ruff 1992; Caves 1993). Proponents of the RIM test usually believe that markets
for energy services work reasonably well and energy customers purchase optlmal mixes
of energy and energy-using equipment to minimize discounted life cycle costs. Under the
assumption of competitive markets, it is unlikely that participants will accrue large
benefits from participating in a utility-funded DSM program. Instead, they will be
roughly indifferent and, at most, will have net benefits equal to the incentive payment
paid to them by the utility (see next section). Thus, programs that pass the TRC test but
fail the RIM test are simply “too good to be true” and should be viewed skeptically. By
requiring DSM programs to pass the RIM test, utilities are essentially lxmlted to pursuing
load building programs and conservation programs where the conserved consumption is

# Some parties argue that DSM programs provide potential beneﬁts to nonpamcxpanls even if the program
fails the RIM test. Environmental benefits, utility planning flexibility, and the development of new technologies
have been cited (Centolella 1993). However, if an analyst expects these benefits to occur, they should be
~considered as a benefit in the Nonparticipant test. If they are consndered to be potential beneﬁts then they

- should be considered in an uncertainty analysis.
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priced below a uuhty s avoxded cost. RIM test advocates believe that such hmrtanons on
utility involvement are prudent.

16.4.3 A Framework for Understanding Market Imperfections

At the heart of the RIM versus TRC debate is whether PUCs should presume that
markets for energy services are competmve or presume that significant imperfections
exists. To understand this debate, it is _useful to have a framework for understanding
markets for energy efficiency and what' ';pact of market imperfections, if any, are.
Figure 6-5 presents supply and dem urves for a hypothetical market for a DSM
 measure in a particular servi ~under two assumptions regarding market
imperfections. The Y-axis measure e or value of the DSM measure and the X-
axis measures the quantity of DSM 'sold shown in units of therms saved). Under the
assumption of competitive markets, the demand for, and value of, the DSM measure are
the same.” These values are: shown as the V = D line. Before the DSM: program, Q, of
DSM measures were sold and after the DSM* program is 1mp1emented Q, are sold. The
effective price of the DSM measure to customers in the service territory is shown on the
PDSM line. Net value to participants is measured by subtracting the Py line from the D
= V line. Thus, the total value of the DSM measures purchased as a result of the
program is equal to Areas A + B and the value, net of the participants’ costs, is Area
B. : '

If, however, there are market imperfections or failures, then customers value DSM
- measures more than what can be mferred from their behavior in the marketplace. Figure
'6-5 also shows the value of DSM measures in the situation where market imperfections

exist. The line V' is the value to program participants under the assumptlon of market

imperfections. It dlverges from the market demand curve, D. V! is usually estimated as
the utility bill savings provided by the adoption of a DSM measure.? Total value of the

DSM measures purchased as a result of the program in this case is equal to Area A +

B + C and, net of partwrpants’ measure costs, is equal to Area B + C.

Proponents of the TRC test tend 0 beheve that market imperfections for energy
efﬁcxency exist (i.e., V D), especnally if smdxes 1nd1cate that there are large quantities

2 This way of estimating participating customers value is based on thelr observed behavior and is sometimes
known as a “revealed preference” methodology

2 The V, line is shown as downward sloping to reflect the fact that some program participants will save
more epergy than others. Also, it should be noted that other items besides bill savings can affect participant
value. A DSM measure’s enhancement of quality should also be included if not accounted for. explicitly

elsewhere.
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Figure 6-5. Value of DSM Program fo Program Participants

Value or
Price of

DSM
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Incentive |
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“Key to Symbols T R S R
- D =market demand curve for DSM measure - ,
V' = participants' value vased assuming some degree of market failure
V= participants’ value assuming no market failures
“Posu =price of DSM measure, including any rebates or incentives offered by utility
Qo =level of energy efficiency before utility program
Q. =level of energy efficiency after utility program
Area A+B =net value of DSM measure o participants assuming no market failures

Area B=value, net of cost, no market fajlures ,
" Area A+B+C =value of DSM measures to pamupants asumang market failures

Area B+C =value, net of cost, market failures exist
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6.4.4

of cost-effective DSM. The markét imperfections are often characterized as barriers that
prevent energy services markets from functioning in a competitive manner. Some of the
commonly-cited barners to econormcally efficient levels of DSM are described in Table
6-7.%

Rather than initially assert that markets work in a competitive manner or exhibit
significant failures, PUCs and LDCs should first strive to account for all the costs and
benefits that.are involved in. undertaking a DSM program. Such an accounting should be
used in a comprehensive test such as the TRC or Societal Cost test and should include
estimates of indirect costs (costs in.terms of time lost, hassle, and—for commercial and
industrial customers—the value of any lost production) and the impact of quality changes
caused by the DSM program. If, after a full accounting of costs and benefits is made,

the LDC or PUC still estimates large net benefits from the DSM programs, then it would
be ‘appropriate to seriously consider implementing the programs. If the programs have
large rate impacts as measured by the RIM, PUCs or LDCs should examine whether the
design of the programs can be structured to make participants pay for a larger share of
the program’s costs (see Chapter, 7).% The consideration of market imperfections,
especially environmental externalities, may, however, lead to programs with net benefits
but unavoidable rate impacts.’ Further, some programs that fail the RIM test may be
pursued for public policy objectives other than economic efﬁcrency As a result, there
may be instances where aPUC or LDC will feel confident pursuing a DSM program that
fails the RIM test. ' , d

Altematwes to the Standard Beneﬁt—Cost Tests

Although the standard beneﬁt-cost tests are widely used, other energy industry
participants, mostly economists, have proposed alternative tests that focus on total value
or net economic benefits (NEB) in an attempt to develop a more accurate measure of the
net benefits of utlhty DSM programs. As part of a conservation plan, Connecticut
Natural Gas (1988) sponsored the work of an economist that developed a set of tests that
focused on changes in utility profits, total social costs, and participant benefits; the sum
of which measures changes in total social welfare. Later, Hobbs (1991) defined a “most

 value” test and argued that it should be used instead of the standard tests, Recently, more

- % It should be noted that the last:two market barriers (environmental externalities and federal government
R&D priorities) cited in Table 6-7, although potentially significant, may not cause the participants’ value line to
deviate from their market demand curve. Instead, the impact of externalities and federal R&D costs affect

socnety at large.

‘2 Any DSM program that has a significant rate impact on price-sensitive customer classes should also be
examined to see what the resulting margin impacts are from the additional lost sales.
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Table 6-7. Barriers to an Economically Efficient Market in Energy Efficiency

Barrier 1: ‘ . Credible information on the performance of

INfOrMAtON GaP . ... cviveinrevnnnocnnns energy-related technologies is.often lacking. ..
Available information is often not well understood
and is sometimes unreliable.

Barrier 2: - . .. Payback periods required by consumers for
Payback/Unconunty Gep cesarrereaeenaes _investments in energy efﬁcaency are generally
BT R A O ““miuch shorter than those required for utility -
“company investmaétita. The. gap may reflect the
_tondoncv of consumers to percmve the e
uncertainties of future demand fual pnces. and
“*"the performance of DSM measures to-be ‘greater
-.-than theutility’s perception-of -the same
\uncertainties. N

~Barrier 3: . . T e ‘Consumers often‘must use the energy
. Third Party Transactions ........ 4+ ... . tachnologies selected by landlords. and.others.
: ' el R This leads to an emphasls on f' rst cost rethor
»!han Ilfe-cyclo ‘cost. :

. Barrier 4: R o Many customors, both resudennal and 4
“Lack of Capltal D S AN " commercial, lack enough cash or credit
“{considering the competing demands. o' their
financial resources) to pay the capltal cost of ..
makmq Iono-run cost-offocnve off' cnencv '

©investments.
‘Barrier 5: ' T ' krtradmonal tato ragulatlon in most atates
Utility Regulation Imbalance .............. encourages utilities to increase ‘sales, |mpartmq
an implicit bias toward pursuing supply-side
options.
Barrier 6: In almost all states, the prices that consumers -
Environmental Externalities ............... pay for fuels, including electricity, do not fully

reflact all environmental and social costs
-associated with fiel productlon, conversion,
>transponat|on end use, - ¢

Barrier 7: T R o ’Trodmonallv. the Fede i Governmont has
" .- Federal Government Policies ..... Veieww. . -provided greater support for energy production
than.for energy efficiency, both with respect to
' ‘tax pohclos and R&D

Source: Adspted from Wiel 1991

practical variations of value or NEB tests have been proposed. Braithwaith and Caves
(1993) ‘sponsor- their own NEB test. Their NEB test adds at least-three additional
dimensions to the standard tests: (1) it allows flexibility regarding assumptions on the
degree of failure in the market for DSM products, (2) it considers the full impact of price
changes caused by utility DSM programs on nonparticipants, and (3) it considers the
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added value provided to program participants from “snapback.” Similar to the NEB test
is the Value test sponsored by Chamberlin and Herman (1993). The Value test appears
to incorporate the NEB test, and, further, allows for the consideration of benefits that the
utility DSM program provides to free riders. Although no PUC has yet adopted either
the NEB or Value test for gas DSM program evaluation, the NEB/Value tests hold
promise as being a more general framework for the analysis of DSM programs. Even
environmental or other externalities could be added to the test to give it a societal
perspective. The NEB/Value tests explicitly consider the degree of market imperfections,
which, as has already been noted, are a crucial factor in the ongoing debate over which
standard test is best. The NEB/Value tests do require more assumptions and data: explicit
assumptions must be made regarding the degree of market imperfections and data on
demand elasticities, snapback, and the characteristics of free riders is needed. These data
and assumptions will, however, become increasingly important in the evaluation of DSM
programs and the NEB/Value tests allows for an analysis using them.
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Chapter 7

7.1

7.2

Gas DSM Technologies
and Programs

Overview

This chapter describes common load-shape objectives for gas utilities and the structure

of U.S. gas demand in the residential and commercial sectors, reviews the potential for -
demand-side management (DSM) for gas utilities as suggested by recent assessments,

identifies efficiency and fuel-substitution measures available for promotion in DSM

programs, and discusses issues of DSM program design and implementation.

Load-Shape Objectives

In contemplating demand-side interventions, gas utilities should define their load shape
objectives. Figure 7-1 illustrates six common load-shape objectives and gas end-use
technologies (as well as supply and capacity options) that can meet these objectives
(Samsa 1993).! Conservation and load building respectively reduce or increase gas loads
throughout the year. Seasonal load reduction and valley filling load shapes respectively
lower or raise loads on a seasonal basis. Peak clipping and peak load shifting focus
mainly on reducing peak-day demand rather than energy savings. Load-shape objectives
of individual local distribution companies (LDCs) will vary depending on their existing
system load factor. Some LDCs may prefer to focus on peak clipping and load shifting
in order to reduce pipeline demand charges. Other gas utilities believe they can reduce
average gas purchase costs by improving system load factor so they may propose load
building programs (such as cogeneration) to increase base loads or valley filling programs
(such as gas cooling) to increase off-season utilization. This chapter focuses on
technologies and programs for meeting three of the six load-shape objectives:
conservation, seasonal load reduction, and valley filling.

' Many gas technologies do not produce impacts that fit neatly into these load shape categories, but instead
they span several categories.
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Figure 7-1. Utility Load Shape Objectives
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7.3 Gas Usage in Residential and Commercial Sectors

The structure of gas Figure 7-2. U.S. Residential Sector Gas Consumption
end-use demand by Building Type (1990) =~
provides an initial T ‘
reference point for
determining where
efforts to improve gas
efficiency can best be
focused.? More than
three-quarters of
residential gas
consumption occurs in
single-family dwellings
(see Figure 7-2). _
There is much more | MobieHomes
diversity of gas |
consumption by [ (0 00 o0 10 200 7500 oo 300 4000
building “type in" the , 290 200 0000 1500 2000 2500, 3000
commercial - sector,
with mercantile/service
categories showing the highest levels, followed by office, warehouse, lodging, health
care, and assembly categories at roughly comparable levels (see Figure 7-3).

R

Figure 7-4 compares the end-use distribution of gas consumption in the residential and
commercial sectors, ‘shown as a percentage of each sector’s total. Space heating
dominates in both sectors: 70% of residential and more than 50% of commercial. Water
heating is the next most important end-use, accounting for 24% and 15% respectively of
residential and commercial sector gas use. Process heat represents 12% of commercial
sector gas consumption and cooking represents 10%. The predominance of space heating
in the overall demand scheme for natural gas in the U.S. is illustrated in Figure 7-5,
which plots monthly gas use by sector. The highly seasonal nature of residential gas
demand has a significant effect on gas system load factors as evidenced by the fact that
winter peaks in January are more than twice the summer minimum monthly load in June
on a national basis.

? The structure of end-use gas demand for an individual utility may diverge significantly from the national
pattern. o ' s '
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Figure 7-3. U.S. Commercial Sector Gas Consumption by Building Function
(1989)
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Figure 7-4. End-Use Shares for Gas in U.S. Residential and Coiﬁme’rcial
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Overall, ‘gas demand in the residential sector is significantly greater than commercial
sector demand (4.5 billion DTh vs. 2.8 billion DTh), with significant regional variations
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Figure 7-5. U.S. Monthly Natural Gas Consumption by Sector (19»91)
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(see Figure 7-6).? The relative shares of residential and commercial sectors in the overall
gas market do not appear to result from chmate seventy, but from a host of other market

conditions.

* * Residential consumption is higher than commercial consumption in all census regxons except for the Pacific
(i.e., Hawaii and Alaska).
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: Figure 7-6. Residential and Commercial Gas Consumption by U.S. Census
Region
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7.4 Opportunities for Increasing Gas End-Use Efficiency
7.4.1 Practical Constraints on Achieving Technical Enetgy Saving;s' Potenﬁal,

Energy savings that are achievable for gas utilities through programs aimed at increasing
customer energy efficiency are constrained by a number of factors. The question of
achievable energy savings potentials sometimes stirs controversy, to a large extent
because of semantics. It is useful to distinguish three different types of “energy
conservation potentials” cited in the literature. '

e Technical potential is an estimate of possible energy savings based on the
assumption that existing appliances, equipment, building shell measures, and
other processes are replaced with the most efficient commercially available

“alternatives, regardless of cost, without any significant change in lifestyle or
output. :
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Figure 7-7. Economic and Achievable Electricity Conservation Potential in
New York State ' :

I Market Forces & First-Tier Standards
: Revlslons to Currant Codes & Standards
~{ ) stendards on Addionai Products
ﬁoz-r ,,.?{Uﬂlity~Cons‘efvaﬁon Programs- .-
357 R
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25%;
i
15%]
10%1 i
5%+
Economic Potential Achlevable Potentlal :
(% of 1986 Elec. Sales) (% of Projected 2008 Elec. Sales)
‘Sourcs: Nadel end Tress 1960

® Economic potential is an estimate of the portion of technical potential that
would be achieved if all energy-efficient options were adopted and all existing
equipment were' replaced whenever it is cost-effective to do s0, based on
prespecified economic criteria, without regard to constraints such as market
‘acceptance and rate impacts. = - 7
° Program achievable potential is an estimate of the portion of economic
_potential that would be achieved if all cost-effective, energy-efficient options
~ promoted through utility DSM programs were adopted, excluding any energy-

efficiency gains achieved through normal market forces and compliance with

" energy codes and standards.

‘Each type of conservation potential described above is a subset of the one that precedes
it, which necessarily results in-diminishing opportunities that can be captured by utility
DSM programs. Figure 7-7 illustrates this phenomenon, calculated for electric utilities
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in New York state (Nadel and Tress 1990) The left bar shows the economic potential
at 34% of current electricity sales. Achievable potentlal (which includes savings
achieved through standards and market forces), as depicted in the right bar, is somewhat
Tlower at 28% of a future year’s sales. In this study, the achievable savings that could
be captured by utility DSM programs is about 14 %, or about three-fifths lower than the
economic potential (on a percentage of sales basis). It is critical to distinguish among
these different types of potentlals when reviewing and companng studies of conservation

the number of ]
expressed as a. per

considered 20 tﬁ_"SO dua in the residential sector and 13 to 40 measures
in the commercial sector. = e :

With one exception, these studies suggest that, in percentage terms, the potential for gas
DSM savings is greater in the residential sector than in the commercial sector. For the

... residential sector, .economic savings potentials-range:from-5% to 47%, with-most studies

finding around 25%. For the commercial sector, economic savings potentxals range from
8% to 23%, with most studies ﬁndmg around 15%. . a

A few of the studles also assessed economlc fuel-SWItChlﬂg potent1al—sw1tch1ng from

- electricity to gas at the end use, pnmanly as a valley filling strategy for the gas utility.

" The economic fuel- sthchmg potential was estimated..to be higher in the commercial
sector (2% to 49%) than in the residential sector (2% to 7%), primarily through the
promotlon of commerc1al gas cooling technologles to boost summer gas sales.

| "‘1‘1Av01ded costs used in screening the technologles for estlmatmg economic savings

; ;potenual—arguably the most 1mportant vanable in the screening  process—varied
“considerably among the studies depending on:, calculatxon smethod, extent of seasonal
differentiation, estimated gas commodity cost escalatlon rates, and time horizon (see
_Appendix B). It is quite difficult to generalize from these gas savings potentials results
‘ because of methodological differences among studles as well as the diverse structures of

gas use among individual LDCs. Nevertheless, the studies suggest | the scale of the DSM
resource that may be available in U.S. gas utility service territories.
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Impact of Standards

The potential DSM savings available to an individual gas LDC are determined to a great
extent by the unique combination of existing building stock and equipment charactensncs
weather severity, energy prices, and other factors unique to a service territory.
However, existing and 1mpendmg federal efficiency standards for gas appliances and
heating, ventilating and air. conditioning (HVAC) equipment are major considerations for

- every gas LDC attenipting to assess its achievable DSM potential. These standards raise
the floor of efficiency’! levels of gas equipment available on the market, and, over time
through equipment . replacement and installations in new constructlon they 1ncrease
average stock efﬁcrency as well.

. Table 7-3 summanzes minimum efficiency levels and timetables for. msntutmg and
updating standards “for selected gas appliances and equipment used. in residential and
commercial apphcatrons At the state and local levels, energy standards for buildings
and/or energy-using equipment have also been promulgated as voluntary guidelines or
as mandatory regulations, with corresponding implications for gas utlhty DSM program
efforts within those Junsdlctlons ,

Unhty DSM programs can accelerate these changes in the existing bmldmg stock through
retrofit programs -that promote early retirement of less efficient apphances and replace
them with appliances that comply minimally with the standard. DSM programs can also
focus on appliances and equipment that exceed the standard promotmg these in the
retrofit, replacement, and new construcnon markets.

. Impact of Previous Retrofits

Another significant factor affecting gas DSM potential is the extent to which customers
have taken previous .actions or utilities have promoted efforts to raise the efficiency of
gas use. Generally each successive DSM measure 1mplemented gives diminishing returns,

where interactions among measures make the combined savmgs less than the sum of the
individual savings. Early programs to reduce energy use in homes were conducted in
the 1970s and 1980s under thé auspices of the Residential Conservation Service; these
were mainly focused on building shell measures to reduce home heating and cooling
loads. Likewise, electric utilities with overlapping service territories may ‘have already
installed bulldmg shell measures in customers’ homes, or other measures that might

* National standards were mtabhshed by the National Appliance Energy Conservation Act of 1987
(NAECA) with timetables for various residential appliances and HVAC equipment; the Energy Policy Act of.
1992 extended efficiency standards to cover commercial HVAC equipment and water heaters.
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Table 7-3. Federal Energy-Efficiency Standards Levels and Timetables for
Selected Gas Appliances and Equipment

A Update Scheduled
o Res:dent/al o

-~ Furnaces 78% AFUE 1992 2002
Boilers By - 80% AFUE ' .- 1992 : 2002
Water Heaters 54% EF . " 1980 o 1995
Clothes Dryers =+ ’ 2.67 lbs/kWh . 1994 (est.). n/a
Ranges and.Ovens nla 1996 (est.) 2000
Commercial :

* Furnaces & Boilers : ‘1994

(> =225 kBtuh) : 80% - o

Water Heaters 77% 1994
Notes:

AFUE = Annua! Fuel Utilizetion Efficiency
' EF = Energy Fector
" ‘Residential water heater EF dependent on atorage tank mze’, listed value for 40-géllon tank.
Units foF clothes dryer efficiency level are Ibs. of clothes/energy input (in kWh).
Range arid.oven levels have not yet baen mandated by DOE. .
Commercial unit hesters not covered in standerd.

Commercial water heater standard listed is for storage tanks larger than 100 gals.

. Source: Geller and Nadel 1992

affect the savings potential for gas, such as night-setback thermostats or low-flow
"showerheads
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Tlme-Dependent End-Use Eﬁ'iczency Oppommmes

Studies of conservation potential often ignore the tlme dimension associated with any
practical effort to capture identified savings. Some measures will only be cost-effective
or even possible at the design stage for new buildings or at the time of a major
remodeling or equipment replacement. These opportunities are time-dependent in the

- sense that they occur only when customers are making equipment replacement decisions.

- LDCs evaluating demand-side opportunities must account for the extended time periods

- required for these types of DSM programs to have a significant cumulative impact. For
example, a study of gas DSM potential in New York conducted by the American Council
for an Energy-Efficient Economy found that 40 to 50% of .the savings opportunities in
the residential sector were achievable through replacement programs; only the remainder
were achievable in the short-term through retrofit programs. For the commercial sector,
a smaller percentage (i.e., 20%) of the program achievable sector savings were tied to
long-term replacement programs (Nadel et al. 1993b).

Persistence of Savings

Another practical issue relevant to the time dynamics of DSM programs is the persistence
of energy savings. Persistence has. emerged as a significant concern among DSM
practitioners (Vine 1992). . Previous studies of persistence have tended to focus on
technical measure lifetime although- both technology and human behavmr affect
persistence (Jeppesen and King 1993). '

Table 7-4 lists factors that influence the persistence of DSM measures and programs,
many of which are behaviorally-oriented (Hirst and Reed 1991).° Among the behavioral
issues, the rebound effect (also known as “snap-back”or “take-back”) can be particularly

_important (i.e., when customers increase: their amenity .level in response  to lowered
energy bills from installation of DSM measures). The opposite response can also occur,

- known as the surge effect where customers, because their awareness of energy-efficiency
issues is raised through participation in the program, alter their behavior to lower their
energy use or to invest further in DSM measures on their own. A number of strategies
have been proposed to ensure the persistence of energy savings, including measurement
and verification plans, program design, operations and maintenance, and building
commissioning (Vine 1992).

5 Note that program persistence includes all the measure persistence factors as well.
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Table 7-4. Factors Influencing the Persistence of Energy Savings

Technical lifetime Rebound (snap-back, take-back) effects
Measure installation » : Surge effect (additional measures
Measure performance or efficiency ' added by customer after initial
... decay .- program participation)
Measure. operation (behavior) . :
Measure maintenance, repair, Replacement effect (replacing efficiency
, ...commissioning cl measures with less or more
Measure failure . efficient measures) . -
_Measure removal , :
Changes in the building stock (i.e., Energy use by control group

renovations, remodels,
alterations, additions)
Occupancy changes (turnover in
occupants; changes in
«-occupancy hours.and number of
occupants)

o) Program persistence factors. also include measure persistence factors.

Source: Misuriello and prkins" 1992 -

Summary of Practical Constraints

- Energy-efficiency standards, previous’ government and electric utility conservation
programs, time-dependent savings opportunities, and issues related to the persistence of
savings are important factors that must be accounted for in assessing the savings potential
that can actually be achieved by gas utility DSM programs. Empirical evidence from

. electric utility DSM experience shows a significant gap between the economic potential
for energy efficiency and savings reductions that have been achieved in utility DSM
programs. , '

Table 7-5 compares the performance of the best U.S. electric utility DSM programs in
the commercial and industrial sectors by end use in terms of overall savings ‘achieved
- ‘against the size of the economic resource they were exploiting (Nadel and Tress 1990).
- Although several of the electric end-use categories are not directly applicable to gas
utilities (nor can one assume that LDC DSM programs will exactly paraliel those of
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Table 7-5. Economic Potential vs. Actual Savings from Best Electrlc
Commercial and Industrial {C&I) DSM Programs

Liohtiiio e : 60% of lighting use 25% of lighting use

HVAC 51% of commercial - 1 1% of A/C & heat pump
: e : L HVAC use ’ AEuse

Motors . 17% of motor use 5% of motor use

New construction 50% or more 30% - :
Multiple end-use retrofits 45% in the commercial 18-23% in commercial

sector = ‘buildings

Source: Nedel and Tress 1990

electric utilities), the general point is that the most successful unhty DSM programs are
capturing somewhat less than half of the cost-effective resource suggested by economic
- potential studies. Numerous factors. contribute to this- difference. Aggregate market
penetration levels for a utility DSM program are very dependent on the program’s ability
to actually influence individual customer decision-making, DSM program budget and
manpower levels, and building stock and equipment replacement turnover rates; actual
' savmgs are oftén lower than engineering estimates. “Finally, while recogmzmg that the
size of DSM resource that can be captured by utility DSM programs is substantially
smaller than is suggested by economic DSM potential studies, unexploited cost-effective
DSM resources most likely exist in most gas utility service territories. The next sections
_focus on end-use efficiency and fuel-switching optlons that can be promoted by gas LDCs
through unhty DSM programs o

7.4.2 Gas Efﬁciency Mmsures

The studies of DSM potential described above clearly suggest that many individual DSM
measures and strategies have been considered by gas LDCs. Table 7-6 lists broad

~ categories of DSM measures for LDCs—equipment, building shell, distribution for the
. Space conditioning system, HVAC system control, and water heating control—and
indicates their applicability to the residential and commercial sectors. A more detailed
-descnpnon of gas-fired equipment measures and their relative efficiencies is presented
in Appendlx D. Measures hold promise for gas savings depending on the demand for
the end-use service and the current efficiency of consumption (base-line), both of which

164



Table 7-6. Gas Efficiency Measures

Equipment Messures

151
High-efficiency boiler

igh-efficiency unit heater

Infiltration reduction
Itii

" "HVAC supply-air temperature reset control ' o - X

Water Hesting Control Measures
‘Water heater tank insulst

- Horizontal ‘axis clothes wasF
Low-flow shower heads and faucets

are Site—speciﬁc. Local climate, construction practice, and structure of the economy help
dictate the technical feasibility of DSM measures. Also, many gas efficiency measures
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7.43

will have already been implemented through" othe“rnlelectric utility, water utility, or
government programs, or by normal market adoption of technologies.

Efficiency Measure Cost-Effectiveness

The benefits of high-efficiency gas equipment have to be compared to the cost incurred
(if any) in determining cost-effectiveness. It is beyond the scope of this primer to
comprehensrvely analyze the economics of these measures in all applications. However,
key considerations for economic screening of technologles are dlSCUSSCd followed by an
example of one cost-effectlveness index commonly used in preparmg supply curves of
conserved energy.® : , o

High efficiency equipment measures usually mvolve tradeoffs between hrgher first cost
than some conventional alternative on the one hand and energy cost savings over the
lifetime of the measure on the other. The appropriate costs to attnbute to the measure
for the purposes of the economic analysxs depend on the situation. If the measure is
under consideration when equipment is being replaced or selected for use in new
construction, then the appropriate cost is the difference between the cost of the efficient
technology and the conventional' technology that would otherwise be selected. If a
standard prescribes some minimum efﬁcrency level, then the appropnate cost is the
difference between the DSM measure’s cost and the cost of a technology that simply
complies with the standard. If the measure is to be installed in place of equipment that
still has useful life (i.e., in a retrofit situation), then the full cost of the measure is
appropriate to use in the economic analysrs L

Intensity of use of equipment is a key’ parameter that drives” economrc analysis.

Efficiency gains in equipment performance will be reahzed as monetary gains only if the
equipment operates enough to generate savings over time. For instance, installing a
high-efficiency furnace in Miami may not reap enough savings during the relatrvely short
and mild heating season to justify the increased expenditure; however in Missoula,

sufficient savings may accrue over the winter to justify the furnace. Economic analysis
also depends on: the differential between conventional and DSM 1 measure efficiencies;

the incremental cost of a DSM measure; and fuel prices. ‘Reducing the intensity of
equipment use through other DSM or conservation actions can affect the attractiveness
of any subsequent investment in efficient equipment. Heating and cooling loads for space
conditioning are affected by weather, building construction, building operating hours and

- conditions, and other uses of energy in-the building.  Domestic and service hot water

%A complete presentation of the standard tests used in DSM program screening (i.e. following technology
screcning and aggregation of technologies into DSM programs) can be found in Chapter 6.
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heating, cooking, and Figure 7-8. Supply Curve of Saved Gas in Commercial
clothes drying demands Sector for Long Island Lighting Company '

vary by building use [~ '
and function and can I

be altered by DSM
activities.

A convenient index for
ranking ‘and screemng
' DSM measures is the
~ cost of conserved gas '
(CCG) This index is
“used to " construct
supply curves of

. conserved energy, with

© the” CCG on the | o ‘ :

” “‘ivertlcal ‘axis and | O FE TS ET) 30
,SﬁVlngS on : the Cunulaﬂ{/esavingsasaPereertofSaciorConwmpﬂon
“horizontal axis. An B D R '

,;hnxﬂ-ﬂdd.lﬂl
example of such a Lo :
‘supply curve of o ’ '
conserved gas prepared for a New York LDC is shown in Frgure 7-8. CCG is formally -

 defined as,

N [}

Cost of Saved Gas ($/Dth)

A

: Irieremental' DSM Cost x CRF
Cost of Conserved Gas = il —
ost of Cons Period Savings

where CRF is the capital recovery factor used for amortizing the initial investment into -
a periodic payment, analogous toa mortgage payment.” The CCG is typically calculated
based on annual gas savings, but could in principle be calculated on a seasonal basis.

A principal advantage of the cost of conserved energy is that it is expressed in dollars
per unit energy and therefore can be directly compared to the cost of the fuel displaced
(cither at the applicable retail rate or avoided cost). Future energy cost.expectations are

7 Capital recovery factor = d/(I 1+ d) “-n), where d is the discount rate and » is the measure hfetxme
in appropriate time units, usually years.
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also exogenous. A dlsadvantage is that CCG in its pure form ignores the capacity
impacts of DSM measures although this limitation can be mitigated somewhat.®

Cost-Effectiveness Calculations for High-Efficiency Gas Furnace

This example shows stylized cost-effectiveness calculations for a _high-efficiency
(condensing) gas furnace in a typical U.S. residence. A utlhty mlght perform this
calculation in initial DSM technology economic screemng or in constructmg a supply
curve of conserved gas for the purpose of assessing economic savmgs potential. While
we do not intend to show all the possible intricacies of a heating equipment replacement
decision, this example presents the method and some of the sensitivities to input
assumptions, in mmphﬁed terms.

(1)  Located in a mid-Atlantic state, this smgle—famlly dwelhng w1th thermal
characteristics typical of existing homes in the region has a heating load of 65
MMBtu/yr based on GRI data (Holtberg et al. 1993). The existing 75,000 Btu/hr

* furnace needs to be replaced, and the homeowner is choosmg ‘between a
convennonal fumace Just meetmg the NAECA standards (AFUE 78%) and a

lifetimes. The first option will cost $2,000 mstalled whxle the second ooption costs
$2,400. Assume that the utility uses a 6% real discount rate. The cost-
effectiveness of choosing the high-efficiency fumace over the NAECA-
”conformmg fumace is as follows:

1
AFUEM - AFUE,

=127 DThiyr
092) 1 -

Savmgs = Heatmg Load x ( )

006 o7

Capital Recovery Factor = |
apital Recovery Factor = ——=o

¥ One way is to calculate a separate index based on the capacity savings alone so that the denominator is
annual peak savings instead of energy savings. Another approach is to incorporate the capacity cost savings into
the CCE by subtracting the annual capaclty cost savings from the amortized investment cost to yield a composite
index.
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.- heating load could be lower because .of a warmer climate or because the home has

V ,',hlgher thermal integrity; energy. standards in many jurisdictions require new

. homes to be bmlt -with higher thermal integrity than existing homes. Assuming
.all other factors remain the same, the cost of conserved gas for these general
,locatlons would be: :

3)

(2400 - 2000) x 0.0726

= $2.3/D
12.7 323D

- Cost of Conserved Gas =

The CCG can now be compared to the price of gas for this customer class (as a
means of testing DSM measure cost-effectiveness from the recipient’s perspective)
or to the appropriate gas avoided cost (for a societal .or utility perspective); the
societal .or utility perspectives customarily include program administration costs
(see Chapter 4). Because gas tariffs for residential customers are generally higher
than assumed here, the h1gh-efﬁc1ency furnace appears to be cost-effectlve from
the recipient’s point of view.

-Now, suppose the home is located in another region with different building

practices and. local climate, and accompanying change in heating load. The

“Tocation™
New England : L1000 : $1.5
. Pacific Coast- - : .45 % $3.3
: Southwest PR T ~»:30, Sl - $5.0.

Thls hypothetlcal situation ﬂlustrates the pomt that the intensity of use (i.e.,
- heating load) is a- key factor in DSM measure cost-effectlveness

Consider whether to retue the exxstmg fumace early and install the high-
efficiency. furnace in its place. In this case, we are comparing the efficiency of
the existing furnace to.that of the high-efficiency furnace. Existing gas furnaces
in U.S. homes have an average AFUE of around 65%. In the mid-Atlantic
region with its heating load of 65 MMBtu/yr, we find annual savings of 29.3
DTh/yr from using the high-efficiency furnace. However, the cost in this
situation is the full measure cost, i.e., $2,400. The resulting CCG is $5.9/DTh,
which is higher than typical gas avoided cost estimates or residential customers’
gas prices, so this application of a high-efficiency furnace does not appear cost-
effective. However, the economics would be somewhat more attractive in a more
severe heating climate.
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(4)  Different assximptions regarding furnace lifetime or consumer discount rate have
an effect on DSM measure cost-effectiveness. Changes in these assumptions
based on the scenario in (1) result in the followmg

Real dlscount rate doubled to 12%: - CCG = $3 9/DTh
- Real discount rate halved to 3%: - CCG = $1.6/DTh:
- Furnace lifetime halved to 15 years: ~ CCG = $3.2/DTh

Opportunities for End-Use Fuel;Substitutionf" :

‘High-efficiency ‘gas and electric' equlpment can subsntute for one another in many

apphcatmns Like other DSM"measures, equipment’ choices involving : a substitution of
one fuel source for another can be evaluated as potential DSM: resource opportunities in
terms of their ‘potential advantages to ‘customers, utilities (both gas and electric) and
society.® This’ section focuses on fuel-switching betweén'gas and electricity in the
residential and commercial sectors. Assessing the merits of fuel-substitution is more
comphcated than assessing an intra-fuel technology choice; ~additional technical,

economic, and other issues that should be considered by utilities and PUCs are identified
and discussed briefly. The policy xmphcatlons of end-use fuel-substitution are discussed
in Chapter 8.

Figure 7-9 displays the current market shares (on an energy Vvalue basis) for natural gas,

electricity, and other fuels in the residential and commercial sectors.” Natural gas has a
larger share of energy consumption than electricity in the residential sector (roughly 45%
vs. 30%) whereas natural gas and electricity usage are comparable in the commercial
sector. These relative shares reflect the differences:in:the two sectors in the services
demanded, the equipment providing those services,:-and a host of economlc and other
considerations hlstoncally affectmg consumer chmce

- Table 7-7 hxghhghts addmonal techmcal ‘economic, and other issues that should be

con51dered in evaluating fuel—swnchmg DSM opportumtxes

® Each individual application has to be evaluated carefully to account for the particular circumstances, i.e.,
the characteristics of the technology/fuel combination that is being replaced or compared to the one under
consideration, the relative cost of fuels, etc..
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Figure 7-9. Fuel Market Share in the U.S. Residential and Commercial
Sectors (1990)

0T 0 Residential
457 Tk : . Commercial I
497. | '
| _
oy |
0z : — Wy r_m —t -
' f"le'turalﬁsq’s ! Electncity Petré!eqm Coal | '/Sﬁola"r Wood

Table 7-7 lssues to Conslder in Analyzmg Fuel Substltutnon Opportunltles

Technlcal

Other

- “Economic

Relatlve site and source energy eff:cuency

* Relative risk of savings performance degradation -

Parasitic electricity consumption cf some gas equipment
Load shape impacts of gas and electnc technologies on each
Vutlllty S :

Relative gas"f”a"'nd electric tariffs =

Relative gas and electric avoided costs’

Relative risk of price volatility and uncertainty -

‘Access to gas service, including-hook-up and line extension
COSts :

Space, noise, and aesthetics
Environmental‘ impacts and tradeoffs
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Technical

Relative site and source energy efficiency of technologies using edch Sfuel: By

~ convention, energy efficiencies of equipment or processes in buildings are given

at the end use (i.e. site) level, that is, at the point where the fuel is converted into
a service such as heat, motive power, etc. Ultimate consumers of energy will
primarily be concerned with this measure of efficiency as it directly affects
operating costs they incur. However, much of the original energy value of the
fuel is lost in resource extraction, processing, and transportation to the point of
end use. Source energy efficiency takes account of all losses from the fuel source
to the service. One aspect of a societal analysis is full fuel-cycle analysis, which
arrives at a source energy efficiency by takmg the product of the efficiencies at
every step in the cycle. :

For natural gas, losses incurred in the system up to the point of end.use have
been estimated to be about 9% nationally (Moran 1992). For electricity, the
weighted average losses incurred in the system up to the point of end use based
on the current national generatmg mix are estimated between 65% and 75%
(Electric Power Research Institute (EPRI) 1992c; Moran 1992). Actual values for
a particular utility will undoubtedly be different from these national averages.

Losses in electric generation, transmission and distribution also have considerable
. variation with ambient temperature. On hot ‘days, generator heat rates rise
“~because condenser temperatures rise, and transformér and liné losses increase. A

further subtlety on the electricity side is that theaverage generation fuel mix even
for a given utility may not-be the best basis for estimating source energy
efficiency. A more sophisticated and potentially more accurate representation of
source energy efficiency would take into account the most likely electricity
generation source(s) to serve the end use in question. For instance, the losses
associated with a hot water heater operating on a more or less constant annual
basis may best .be represented by a baseload plant; for an air conditioner
operating in a summer peaking utility service territory, they may best be
represented .by a peaking plant. In some circumstances, one might be able to
draw such distinctions on the natural gas side as well. This point is relevant for

~ considering environmental impacts as well.

~ In sum, source energy efficiency is the product of the site energy efficiency of the

device under consideration and the efﬁcrency of the entire fuel-cycle up to the

- point of end use.

Relative risk of savings performance degradation: Fuel-substitution DSM
theoretically provides more reliable savings for utilities than intra-fuel DSM
because it effectively solves problems of savings persistence and snap-back.
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Economic

However, depending on the application, unanticipated user behavior could in fact
lead to ‘savings degradation. Utilities will need to ‘experiment with fuel-
substitution DSM to verify that actual savings meet expectations for high
reliability.

Parasitic electricity consumption of some gas equipment: Some gas equipment
and appliances use electricity for ignition, venting fans, etc., and this
consumption needs to be accounted for explicitly in any energy use or economic
comparison, SR T R