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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 1
RESPONSIBLE PERSON: Geoffrey M. Young
Request 1.

Reference Page 3 of your filed testimony. Please provide testimony you filed in
the following Cases: 98-426, 98-474, 2000-459, Administrative Case 387 and the
Testimony filed by KYDOE in Administrative Case 341.

Response 1.

The following document is a copy of the text of the testimony I drafted on behalf
of the Kentucky Division of Energy that was submitted to the Commission in
Administrative Case No. 341.

Unfortunately, I have been unable to find copies of my testimony in Cases No.

98-426, 98-474, 2000-459, and Administrative Case 387 in the Commission’s file room.



EKPC Request 1
Page 2 of 24

Text of Testimony Presented by the
Kentucky Division of Energy

in Administrative Case No. 341

An Investigation Into the Feasibility of Implementing Demand-Side Management Cost

Recovery and Incentive Mechanisms
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On July 24, 1992, the Kentucky Public Service Commission (PSC) initiated
an investigation into the feasibility of implementing demand-side management
(DSM) cost recovery, revenue recovery and incentive mechanisms. The Division
of Energy within the Kentucky Natural Resources and Environmental Protection:
Cabinet (NREPC/Energy) submitted comments, as did several other parties. On
January 7, 1993, the PSC issued an order requesting additional comments and
the clarification of certain issues raised by the parties. NREPC/Energy
welcomes the opportunity to participate in the ongoing investigation of these

issues.

1. The first question raised in the PSC's order of January 7, 1993 is:
"Discuss whether the Commission presently has statutory authority to establish
financial incentives to encourage a regulated utility's use of demand-side

management."

NREPC/Energy is not in a position to put forth a legal opinion on
whether the PSC has statutory authority in this area. However, we would like

to offer comments that may logically address the question from the following

perspective.

The important fact to recognize is that the present regulatory framework
is nét free of incentives. The present system of setting rates, as it has
evolved over the past several decades, contains substantial economic incen-
tives for electric utilities to expand sales of energy. As in many other

states, the PSC in Kentucky periodically holds rate cases and sets electricity
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rates that are designed to allow the recovery of all prudent operating
expenses and fixed costs, and to allow the utility an opportunity to earn an
expected rate of return. In between rate cases, which is virtually all the

time, a utility's revenue will increase if its sales increase.

Moreover, in states such as Kentucky, a fuel adjustment clause allows
utilities to recover expenditures for fuel that are higher than expected.
These additional costs are recoverable regardless of whether they arise
because of higher unit fuel prices or increased quantities of fuel used to
meet increased demand. If a utility's sales increase its revenues will
increase, but any extra fuel costs it may incur are passed along via the fuel
adjustment mechanism. A Targe fraction of the increase in revenue thus
carries through to the utility company's bottom line as net income. Con-
versely, when total fuel costs are less than the projected amount, the utility
must refund the difference to customers. If a DSM program reduces sales, the
utility not only loses the revenue from the foregone sales, it must also make
fuel adjustment payments to customers equivalent to the value of the fuel

saved.

Under the present regulatory framework, the more effective a DSM program
is in reducing electrical energy demand, the worse it is from the perspective

of utility company profits.

David Moscovitz (1989) 1lists the following incentives inherent in the

traditional framework of electric utility regulation:
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"1) Each kWh a utility sells, no matter how much it costs to produce or
how little it sells for, adds to earnings.

2) Each kWh saved or replaced with an energy efficiency measure, no
matter how little it costs, reduces utility profits.

3) The only direct financial aspect of regulation that encourages

utilities to pursue cost-effective conservation is the risk that dissatisfied

regulators may disallow costs.

4) Purchases of power from cogeneration, renewable resources, or other
non-utility sources add nothing to utility profits, no matter how cost-

effective they are." (page 2)

These powerful existing incentives militate against the implementation
of least-cost resource plans by utilities. The existing regulatory structure's
strong economic bias toward increased sales leads utilities (other than
cooperatives) to favor activities that boost sales and to shun DSM activities
that would effectively reduce energy demand, even when the DSM measures are

the least-cost ways of meeting customers' needs.

There is widespread consensus about the desirability of following the
least-cost strategy. The regulation requiring jurisdictional electric
utilities to submit integrated resource plans, 807 KAR 5:058, states:

“This regulation prescribes rules for regular reporting and

commission review of load forecasts and resource plans of the

state's electric utilities to meet future demands for electricity,

assure an adequate and reliable supply of electricity at the
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lowest possible cost for all electric utility customers within

their service areas, and satisfy all related state and federal

environmental and other laws and regulations." (emphasis added)

No party to Administrative Case No. 308 or to the present case
(Administrative Case No. 341) has challenged the purpose or intent of least-
cost planning. Even Kentucky Industrial Utility Customers (KIUC), who oppose
policies specifically designed to encourage DSM, state: "The overriding
concern of KIUC is that least cost planning principles be followed" (KIUC,
October 1, 1992, page 3). However, by financially rewarding increased sales
and financially punishing effective DSM programs, the existing regulatory
framework embodies substantial economic incentives for utilities to depart

from their least-cost plans.

NREPC/Energy believes that the PSC's first question can be looked at
from a different perspective. Instead of focusing on whether the PSC has the
statutory authority to establish incentives to encourage DSM, it might be
fruitful to ask whether the PSC has the authority to remove the substantial
financial disincentives to least-cost planning that are inherent in the tradi-
tional framework of regulations and decisions that has been established over
the past several decades. Although NREPC/Energy has not offered a legal
opinion, it would seem clear from the foregoing analysis that the PSC has the

authority to remove the existing financial barriers to least-cost planning.

A question has been raised about the PSC's legal authority to establish
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incentives for DSM. However, during recent years our understanding of the
potential impacts of cost-effective demand-side management has rapidly
advanced to the point where it is clear that DSM will play a major role in the
long-range least-cost plans of all electric utilities in the United States.
NREPC believes that the PSC has a responsibility to facilitate the provision
of an adequate and reliable supply of electricity at the lowest possible cost
(i.e, to encourage the implementation of least—cost plans by utility companies
in Kentucky). If there is any legal question to be raised, it should therefore
be about the legality of maintaining the set of financial disincentives to

least-cost planning inherent in the present, traditional regulatory framework.

2. "If the Commission presently lacks the statutory authority to
establish financial incentives to encourage the use of DSM programs, identify
and discuss the changes required to permit the Commission to establish such

incentives."

Not applicable (see Question 1).

3. Electric Revenue Adjustment Mechanism (ERAM).

An ERAM does not maintain a utility's earnings at an approved level;
rather, it maintains a utility's revenue at an approved level, and thereby

compensates for changes in sales of electricity due to weather, economic



EKPC Request 1
Page 8 of 24

conditions, DSM programs, and other factors. The ERAM implemented in Cali-
fornia in 1978 is illustrative. At the time of a rate case, the California
Public Utilities Commission establishes a utility's future non-fuel revenue
requirements. The ERAM tracks non-fuel revenue as it is received from

customers and compares it to the revenue limit established in the rate case.
To the extent that actual non-fuel revenue collected by the utility deviates
from the allowed revenue, the utility either surcharges or refunds customers

(Moscovitz, 1989, page 40).

Because revenues are fixed, rather than earnings or profits, the company
still has an incentive to cut costs and thereby increase its profits. In a
report entitled "Ratemaking for Conservation: The California ERAM Experience,"
the authors compare ERAM to a regulatory framework that guarantees a utility's
rate of return at an allowed level. The authors note that "ERAM can acutally
be more favorable to the utilities than a rate-of-return guarantee because the
cost minimizing incentive remains in place and the utility can, in fact,
exceed its allowed rate of return on rate base by effective cost control"
(Marnay & Comnes; 1990, page 5). The authors of a Michigan study address
concerns that ERAM might reduce the discipline of market competition and make
utilities complacent in their operations: "ERAM, however, retains an incentive
for the utility to cut costs; in fact, cutting costs below the Tevel author-
ized in the test year or ERAM proceeding is the principal way the utility can

earn a return greater than its cost of capital” (Reid and Weaver, 1991, page

69).
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The effect of cost-cutting measures on a utility's bottom line under
ERAM is so dramatic, in fact, that the implementation of ERAM alone creates an
incentive to reduce expenditures even on cost-effective DSM programs (Marnay &
Comnes, page 35). It would therefore be desirable to combine a decoupling
mechanism such as ERAM with one or more of the financial incentive mechanisms

described in the PSC's order of July 24, 1992.

4. Formal PSC Review and Approval of Integrated Resource Plans.

a. NREPC/Energy believes that formal PSC review and approval of inte-
grated resource plans (IRPs) would contribute to the implementation of
effective least-cost plans by utility companies in Kentucky. By placing the
IRPs submitted by all the utilities on a common basis, a formal approval
process would tend to encourage the sharing of DSM-related information among
utilities and standardization in the way information is presented. Utilities
would also have more confidence that reasonable expenditures made pursuant to

an approved IRP would not be disallowed later.

b. "State whether the Commission should review DSM expenditures as part
of a formal review of a utility's IRP."

It is important to evaluate the actual results of DSM programs as well
as expenditures. Considering both aspects will provide an indication of
various DSM programs' cost-effectiveness, which is one of the criteria on

which a regulatory scheme should be evaluated. The regulatory framework to be
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established by the PSC should meet several criteria, including the following:

1) The profits of a utility company should increase as it more closely
approaches thg implementation of the least-cost plan, and decrease as it
deviates from the plan to a greater extent -- this should be the highest
priority consideration;

2) Cost minimization should be encouraged, both in regard to demand-side

and supply-side expenditures;
3) The regulatory framework should be relatively simple to administer;
4) The framework should be relatively fair and balanced, with some of

the benefits resulting from least-cost planning accruing to customers as well

as to utilities. (Moscovitz, 1989)

5. ERAM on a Per Customer Basis.

Three concerns raised by Joint Utilities about ERAM on a per customer
basis are: a) high adminstrative costs caused by the perceived need for
regular formal proceedings; b) the possible effect of changes in industrial
demand on ERAM; and c) the counter-cyclical economic effect of ERAM on

customers.

NREPC/Energy believes that these concerns are relatively minor, second-
or third-order considerations when viewed in the context of the agreed-upon
primary goal of regulatory reform: to ensure that the least-cost plan becomes

the utility's most profitable plan.
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a) In regard to administrative costs, the implementation of ERAM on a
per customer basis would not necessarily require annual formal proceedings
similar to a complete rate case. Although the California-style ERAM, which
operates along with a future test year, requires annual proceedings, ERAM on a
per customer basis can be used with either a future test year or historic test
year approach (Moscovitz, 1989, page 41). Although adjustments would need to
be made annually under ERAM on a per customer basis, annual proceedings at the
level of a full-blown rate case would not be required. The annual ERAM
proceedings would be limited to the review and approval of the cost adjustment
factors (Reid and Weaver, 1991, page 66). The only data required for the
calculation of adjustments under ERAM on a per customer basis -— revenues and
number of customers by class -- are straightforward and verifiable. Because
ERAM operates at the Tevel of overall revenue, it does not require detailed
calculations or estimations of efficiency (Moscovitz, 1989, page 40). In sum,
NREPC/Energy believes that the overall gains in efficiency resulting from the
decoupling of sales from profits far outweigh the additional administrative

tasks which the implementation of ERAM on a per customer basis would require.

b) In their statement of October 1, 1992, Joint Utilities note that
"some of the utilities in Kentucky have relatively large industrial loads on
their systems. It is conceivable that changes in the industrial demands could
have a significant effect on an ERAM on a per customer basis. The uncertainty
of how the mechanism would deal with these types of changes raises a question
of how equitably the mechanism will operate under the conditions in Kentucky."

NREPC/Energy is not clear about the main thrust of these comments. Is the
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primary concern: 1) uncertainty about the way ERAM would operate; 2) equity
effects within the industrial customer class; or 3) equity effects between the
industrial and the other customer classes? In the absence of a numerical
example or a more clear definition of the concern, it is difficult to gauge
the potential magnitude of the effects to which Joint Utilities are referring.
However, NREPC/Energy will attempt to address each of these three possible

concerns below:

1) A public information effort aimed at explaining any newly introduced
decoupling mechanism will probably alleviate uncertainty about the way the
mechanism will operate in practice. 2) If the concern is that DSM measures
adopted by one industrial firm may unduly shift financial burdens to other
industrial customers, a reasonable solution would be for the utility to offer
a range of industrial DSM programs. Opportunities for participation in cost-
effective industrial energy conservation programs would then be maximized.

3) If the concern is about equity effects between industrial customers and
other customers, it should be noted that ERAM on a per customer basis gener-
ates separate revenue-per-customer limits for each customer class. Adjustments
made due to sales fluctuations in the industrial class should thus have no

financial effect on the utility's non-industrial customers.

c) Joint Utilities correctly note that ERAM and ERAM on a per customer
basis have a counter-cyclical economic effect, raising rates when the economy
is weaker than expected and vice versa. Because electricity costs constitute

a small fraction of the total costs of most customers, and because the per-
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Energy believes that the counter-cyclical effect is not Tikely to be Targe.
Assuming that the average customer's electric demand varies in proportion to
changes in the overall economy, the impact of ERAM on a per customer basis

would be to hold the average customer's electricity expenditures relatively

constant regardless of fluctuations in the economy.

At the same time that ERAM dampens electricity cost fluctuations that
are due to macrceconomic conditions, it also tends to reduce fluctuations due
to unexpected extremes in weather. Under the present regulatory framework,
very hot summer weather and very cold winter weather cause a customer's
electricity bills to increase (and vice versa). Under ERAM or ERAM on a per
customer basis, these fluctuations would be somewhat dampened, aliowing
customers to budget their electricity expenditures with more predictability.
This reduction in weather-related uncertainty partially compensates consumers

for the counter-cyclical effect of ERAM noted above.

In sum, NREPC/Energy believes that the concerns raised by Joint Utili-
ties are not of sufficient gravity to cause the Commission to drop considera-
tion of ERAM on a per customer basis. While there is no perfect regulatory
framework, the decoupling of profits from sales is one of the major elements
needed in order to enable least-cost planning to be implemented effectively in
Kentucky. An ERAM-type system is one of the mechanisms that can achieve the
necessary decoupling, and therefore should not be barred from further consid-

eration by the second~ or third-order concerns discussed above.
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6. Weather Normalization Adjustment.

NREPC/Energy is unaware of any factors that would necessitate the use of
a weather normalization adjustment in rate cases. As discussed above in the
response to Question 5c, ERAM or ERAM on a per customer basis would tend to
insulate utility company profits and customers' bills from unexpected fluctua-
tions in the weather. Since the weather 1is not under utilities' control, there
appears to be no reason to retain the present strong connection between
weather fluctuations and company profits. A weather normalization adjustment
in rate cases could reintroduce the connection that a decoupling mechanism

such as ERAM or ERAM on a per customer basis had previously severed.

7. AG/Jefferson's Comments about Reconciled Fuel Adjustment Clause (FAC)

NREPC/Energy concurs with AG/Jefferson's comment that a reconciled FAC
serves as a disincentive to conserve energy and reduce loads (see response to
Question 1). Because changes in the FAC generally achieve only partial
decoupling of profits from sales (Moscovitz, 1989, page 44), NREPC/Energy also
concurs with AG/Jefferson's point that reform or elimination of the reconciled
FAC should not be viewed as a substitute for the need for a decoupling or lost

revenue recovery mechanism.
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8. Participation of Natural Gas Distribution Utilities.

The key principle to be addressed by the present investigation into
changes in the regulatory framework -- that a utility's least-cost plan should
also be its most profitable plan -- applies to natural gas utilities as well
as to electric utilities. Although the absence of centralized power plants in
the capital structure of natural gas utilities makes their financial situation
different than that of electric utilities, NREPC/Energy believes that con-
sumers and providers of natural gas could also benefit from the removal of
existing disincentives to least-cost planning, and should therefore be

included in the present proceedings.

9. Natural Gas DSM Programs of Combination Utilities.

The regulatory framework established for gas and combination utilities
should be evaluated using the same criteria as that established for electric
utilities (see response to Question 4b). Although these criteria for evalu-
ating the regulatory framework remain constant, the differences in financial
structure between electric, combination, and natural gas utilities may lead
the Commission to implement slightly different regulations related to DSM

programs for each of the three types of utility.

10. "Describe how combination utilities should implement and measure DSM
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programs that affect both electricity and natural gas consumption.”

For DSM programs that affect both electricity and natural gas, a common
unit of measurement is needed to allow planners to maximize overall program
effectiveness. Two possible common units of measurement are: a) primary energy

consumption; and b) total resource costs.

a) Measuring DSM programs according to their impact on primary energy
consumption takes account of the efficiency losses arising from centralized
power generation. By encouraging fuel switching in order to improve overall
fuel cycle efficiency, the first measurement method would tend to minimize the

generation of carbon dioxide for a given level of investment in DSM programs.

b) Measurement of DSM program effectiveness on the basis of minimizing
total resource costs, however, more closely approximates the agreed-upon
regulatory goal of encouraging least-cost planning: ensuring that a combined
utility's least-cost plan is also its most profitable plan. For this reason,
NREPC/Energy recommends that the Commission use total resource costs to

measure the effectiveness of all DSM programs.

11. Joint Implementation of DSM Programs by Electric-only and Local Gas

Companies.

If a regulatory framework is established that is basically fuel-neutral,
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there is no reason why electric and gas utilities could not cooperate in the

implementation of DSM programs that save both electricity and natural gas.

12. Impact on Combination Utilities if DSM Revenue Recovery and Incen-

tives Are Allowed for Electric DSM Programs Only.

If existing financial disincentives to least-cost planning are removed
and incentives established only on the electricity side, many opportunities
for electricity conservation that were previously judged "uneconomical will
become financially attractive. Some of these opportunities will involve fuel
switching to natural gas. In the absence of a regulatory framework that
applies equally to natural gas, somewhat more fuel switching is likely to
occur than would be economically justified according to the criterion of

minimizing total resource costs.

13. Beneficial Fuel Switching Programs.

Fuel switching programs that could achieve peak reduction, strategic
conservation or valley filling and thereby benefit all energy providers and

their customers include:
Fuel switching based on time-of-use factors, e.g, using gas to reduce a
customer's annual peak electric load or vice versa;

Cogeneration installations, particularly those in which the heat is used



EKPC Request 1
Page 18 of 24

at or near the generation site;
Any other fuel switching programs which minimize total resource costs
and move the participating utilities in the direction of their least-cost

plans.

14. Desirability of Using a Collaborative Process.

NREPC/Energy believes that the IRP process would be enriched by the
input of a number of parties in addition to utility companies and the PSC. In
other states, public utility commissions have facilitated or mandated a col-
laborative planning process in which various interested parties work together
on a sustained basis to negotiate many of the technical issues associated with
DSM programs. In New England, environmental groups such as the Conservation
Law Foundation have, through participation in collaborative planning efforts,
helped utility companies design several effective DSM programs (Cohen, 1990).
The DSM programs developed through such processes tend to generate less con-
troversy and litigation because many of the potential intervenors have been
involved in the process of program development from the initial stages. In
addition, information from a wide range of sources can be brought to bear on a
commonly-defined problem. While the process may appear to be time-consuming
in the short run, the improved quality of programs generated and the minimiza-
tion of contentious litigation usually reduces the time required in the long

run.
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The authors of a report on shared savings mechanisms describe the
ability of participants in collaborative processes to work through complex

jssues in a relatively short time:

“"Another example of the risk balancing achieved through consensus
in the collaborative is the decision [in California] to base
first-year program savings per participant... on estimates that
are now assumed to remain unchanged for the lifetime of the
measures installed in the first-year programs. In effect, this
decision transfers all the risks of demand-side measure perform-
ance to the ratepayer. In return for immunity from the performance
risk of their demand-side activities, however, the utilities
agreed to initiate large-scale evaluations of their programs to

measure those risks precisely.

“The design of the shared savings incentives was the result of
collaborative negotiations among stakeholders. While one can
argue that the same results could have emerged from traditional
regulatory forums, it is doubtful they could have emerged as
quickly as they did in New England and California. In both cases,
shared-savings incentives were established within one year after
the initiation of discussions." (Eto, Destribats and Schultz,

1992, pp. 20-21)
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15. Criteria for Selection of Members of a Collaborative Group or State-

Level Panel.

NREPC/Energy believes that the major interests affected by utility
regulation should be represented in a collaborative planning effort. These
interests include utility companies, environmental groups, and industrial,
commercial and residential customers. In addition, the inclusion of parties
that have specific information or expertise concerning cost-effective DSM

measures would enrich the process.

16. "State the reasons, if any, why a utility would not pursue cost-
effective DSM programs when mechanisms are in place to ensure DSM program cost

recovery, lost revenue recovery, or financial incentives."

Assuming that the regulatory changes described above actually realign a

utility's financial incentives to correspond to its least-cost plan, then the
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sometimes exists in large organizations. Since the traditional regulatory
framework has been in effect for so long, it may take some time for utility
company personnel to adjust their ways of thinking to new economic realities.
Internal shifting of staff from power marketing to DSM program planning and
implementation may be required. The chief executive officer of the New
England Electric Company, John Rowe, put it best when he relayed the internal
company reaction: "You know, now that our load growth is dropping, my vice
presidents are saying, can we stop this conservation crap now?" His answer to
them was simple: "No, we can't. It's the single most profitable business we

are in."” (Cohen, 1990, page 45)

17. Cost-Effectiveness Tests.

The cost-effectiveness test that the PSC and utility companies should
use to evaluate the cost-effectiveness of both demand-side and supply-side
programs is the societal test, which consists of the total resource cost test
plus an adjustment to account for external costs to society such as the
emission of environmental pollutants. The total resource cost test accounts
for all economic costs and benefits accruing to utilities, program partici-
pants and non-participants. The adjustment for external costs ensures that
the energy sector will not lower its costs by unduly shifting environmental

costs to society as a whole.

To use other cost-effectiveness tests such as the ratepayer impact

measure (RIM), also known as the no-losers test, introduces distortions to
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welfare maximization as described in the economic theory of free markets. In

neoclassical economic theory, welfare is maximized if society chooses at all
times to invest in the option of lowest marginal cost, i.e. the least-cost
plan. By requiring DSM programs to meet the more restrictive no-losers test
arising out of distributional concerns, the RIM establishes different
evaluation criteria for demand-side programs than for supply-side programs,
which always affect non-participants. The RIM thus leads to less investment
in DSM than would be economically most efficient under Teast-cost and free

market principles (NARUC, 1988, page IV-5).

As NREPC/Energy noted in our response to the PSC order of July 24, 1992,
there are several strategies that can serve to minimize the distributional
impacts of implementing a least-cost plan. These include:

a) Offering a wide range of DSM programs which allow most or all

customers to participate if they choose;

b) Minimizing program delivery costs by encouraging customers to pay

part of the initial cost of DSM measures [although this may have the

side effect of reducing customer participation in the program];

c) Constructing a low-impact DSM plan by mixing programs with positive

and negative rate impacts;

d) Offering efficiency improvements to industrial customers instead of

promotional or individual negotiated rates.

18. Customer Participation in DSM Programs.

NREPC/Energy believes that customer participation in DSM programs should
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be voluntary. Indeed, for many such programs, there is no practical way to
require customers to install energy conserving technologies or to keep them in

operation once installed.

If participation is voluntary, DSM program costs should be recovered
from all ratepayers, not only program participants. To allocate DSM program
costs only to participants is to impose a stringent form of the ratepayer
impact measure (RIM), which is inappropriate for the reasons discussed in the
response to Question 17. Presently, supply-side investments are recovered
from all ratepayers, not just those whose demand is met by the particular
supply-side resource under consideration. To restrict the cost recovery of
demand-side investments to participants only wou]d lead to the elimination of
numerous cost-effective DSM measures and would cause utilities to overinvest

in supply-side resources and depart from their least-cost plans.
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REQUEST 2
RESPONSIBLE PERSON: Geoffrey M. Young
Request 2.

Beginning on page 5, line 10 of your testimony, you refer several times to “energy
waste.” On page 5, line 13, you refer to “energy inefficiency.” Please define these two
terms. Please explain whether they are the same or different from one another.
Response 2.

I consider these two terms to be equivalent. In the important book, Natural
Capitalism: Creating the Next Industrial Revolution, the authors, Paul Hawken, Amory
Lovins, and L. Hunter Lovins cite the definition of waste developed by Taiichi Ohno:
“any human activity which absorbs resources but creates no value.” Because their
discussion of the concept of waste is so instructive, illuminating and helpful, I have
attached a copy of pages 125-131 of their book below. [Natural Capitalism, 1999, Little,

Brown and Co., Boston, New York, London]



$IED 3Y} J1 — PUBLIAP OY10ads OU 133U Jey} SIPIYRA YIIM JO 18d-MIU ©
Surpmy 03 (da3s ssavoxd papasuun ue) soefd 3s1Y Y3 UT PEY dARY PINOYS 1
farrenb oy sey 11 31 93s 03 1onipoid e 303dsut 03 Buraey NI SAIANIE WICY
a8ueI yorym sI3punjq Jo A[TUre] SJOYM B SSAJOAUT DpHLL JO SISSBID 35T}
jo yoeg ssoussapsodnd, 10 Lmng,, 91sem,, 10§ asouede( ST YoIYm
< s PPN 3531 PaYEd OUYO [TAUWOIST 3 JO SpIU 313} 199UI 1 TIOP YOIYM
23328 pUE spoog pue ‘SUIT) WO PIISAIP JOU sey Ajande weansdn
gcm asnesaq Sunrem punore Surpue)s A)1anoe weansumop e ut 3[doad jo
Ny-v < sdno1d ssodind Aue noym 1aqpoue o3 soejd auo wroxy spood jo 110d
-sueI) pue $9240[dUId JO JUSUWISAOUI PIPISU AJ[enIoe Juare Yorym sdais
Suissaooid ‘dn oprd spooS pazspurewal pue SILIOJUIAUT 181 OS sjueM
auo ou sway jo uononpoid ‘UonedyndaI SINbaI YOIYM SAEISIUL,
:5]SeM JO SULIOJ 31} JO UOTIBOYISSE]D SIY ST} PIJEISAT SAUO[ PUE JOBUIOM
~91SeM JO uLIO] A19A9 pasoddo S  on[es OU $3)e3Id JNQ SIOINOSAI
sqIosqe yoTym Aj1Anoe ueurny Aue, Se pauYSp Y yorgm — 3)sem Sut
-JeurwIr[d 10] YIOMIWRI) [BIMI[ND pUe [ENIOS[PIUT Uk PaJeaId ouy)
/TN UI 31 Peal Jim SI9pes] ssauisng dxour Jey adoy oy
w Suyuy ], uvag “jooq 1) asexydered pue ajonb Amyoje1d om ‘uors
-sturzad puDn| JI9Y3 YIIM 'SOUO( [oTUR(] I0SSJOIJ PUR MNIBUIOM SIUIE(
1(] s1radxs [ernsnpur Aq pazietualsAs usaq sey 3t 18y} mou uoisuedxd
pidex 10y pastod ST pue Isop Y3 UI ISYMIS[9 PUB BILIDUIY UT SHNSI
J[qENIPWSI UMOYS SeY J1 I9A9mO] ‘uede( Ul drer surewdl ‘ejodol,
£q Aqmyssaoons pardope y3noyy ‘yoeoxdde sty Ar03sTy [erisnpul ul
s10yeaou fejoard sy Jo suo pue ‘uoneziuefio Surmidenuew 1o1waId
s PlIom a1 Jo uonepunoj [en3daouod 3y ST YoIYMm “UWIdSAS UOLINPOI]
21040, Y3 JO 13UIe] Y} SBM 13sUIs-0uyQ *(06-TI61) ouyQ IYDIEY, sem
(+G3INA0UA SYH AHOLSIH NVANH 3LSYM 40 304 SNOID0¥II LSOW IHL, SAVHYId

EKPC Request 2

8j0A0 ssauisnq ayj Suipuy — S|eILIBYD
pue “0j0o ‘sjadied Suisea — Aem swes sy Asuow Bupjep — Moy
01 anfea Buimojly — Shemie pue mou 8j0WIS — JISeM JO SMOIBpUN
pue saippg — 8NjeA JO MOJf SNONUJIU0D Y — $8/3.3J3ds BpNW [eJus)y

MO|{ pue ‘@2IAIBS ‘epniy

L ¥Y31dVHO

S oyew nok
se ‘aInjeu Jo qam Y ul aoe[d )1 saxel e NOA Yorym Suryy 2y} pue
‘370U M 2I0W PUE JUDIIYOD 2I0UWI $3UI023q d0e[d SUO Jeys I8 pjiom 33xe|
313 1B} OS I UTYIIM PUE )1 PUNOIE PIIoM 3y Jredas os[e Jsnu Ing ‘uon
~ejost ur Juryy Jey plng AjpIsu jouued noA Suryl e ping nod usyMm,,
,°98onBuvT wiayvd v 7X9) UBISIp snowrey STY UT SIYDed} ISPULXSY
soydojsury) se urayed 10] Surajos sem 19qQI0D [ USIP[IYD 10f I9Jes I
ayew pue ‘pooyroqysiau o) AJNneaq 4oe1uod [eros 10§ sanruniroddo

WSITVLIdVYD IVHNLYN 44!



18> Tors asnedaq) ~adeys Suiamd 1ySu 2y oul passaxd 10 padooip
pue pa1eaya1 uay st ‘ssav01d ayy ut Juad1ad Sz Buiso ‘adeys o3 o pue
paypedun s31 “1a1e] sAep b 219y, "103@OLIqER] 3Y} 0] s3I 00§ paddiys
pue pajend ‘payed ‘pajood ST sse[d YT, PRIYSPUIM B UEY) 13818 1BUYM
QuEps $201d 01UT JND SIB PUE DBUINJ U} WO 319U SSB[3 JO $19YS
ﬁmn@m -ueyd aj8urs v ur 9peWI 3q PO PIoM Y3 UT sse[3 1ef oY [T
@@?03 uoTEM)IS e3Pt A[[eo1a109Y) © :3[qissod se d31e[ se aq pnoys
m@@c sse[3-jeoy jueid o 18y} shes SupjuIy) I[eIS-JO-SIMUOUOY
@&1 10 sppryspuim ssef§ jo uononpoid [eord4y a1 19pISuO)
B oNelsTUI & SAeme A[TedU STSYIIN
M spud ayy “oedes aanonpoxd jo uonezimn Ayl Surziurmxews ey
pue ‘ssausannaduiodun pue A>uspyIout 0} A3 3y 218 juswrdmba pue
syusunzedap uononpoid juspiye A[ySry ‘paads-ysiy ‘oes-adie] ‘pazl
-[ewads ey S ‘sarpmys 9sed [ednoeid Jo $9100S WO UOISIIUOD JISeq
15y, INJIUINY [BIUSW INOA JO JUsUISZURLIEDI sjeduroo e saxmbazx
[Sunfunyy weay] jey) paurem 3q asedf[q],, [Ionned souo( pue YOBUWIOM
1e) — sy} paziferdads (Im syuaumledap [euonOUTY 4q Surzmuedio jo
J1qey 2y st pappaquud Ajdaap os pue — anonb-pue-yojeq si paureidur
08 13) "PUBLIP ISBIII0J UO PISE( DUBADE UT SILIOJUSAUL s81ef ssonpoid
ssewl oYM ‘Sunjuryy onanb-pue-yoleq,, jo snsoddo ap st— U
sysonba1 wreanjsumop suosuros [un weansdn psonpoid st Funpou
1 yetp) — Iowojsnd 3y} Jo [nd 3y} e A[SNONUNIU0D SMOY JeY) SN[EA
TP se [nd pue MO[J dUBYUS 0} SAEM JO UIRJ] USYO pUE
[“]Appyernooe a10w anfea Ajoads o) skem puy sAem[e SIaUWOSND (M
onSoerp 10211p Ul swed) 3onpoid pajedIpa( ‘PIAOUIRI 3q Ued 4atpy os
PATeIASI 21 MOJJ O3 SjuSUIIpadut 373 S10WI 3y} qmd nod 1opIey 3y} puy
‘UIBAI)S INJBA S} UL pprus USPPIY sasodxa skemfe 19)se} MO[j 0} anfeA
Sumyan),, “ISYIOUE U0 DIO0JUISI A[[EUOLIOUN] OS[E UORIUYSP Y1 JO syred
SYL 5 FNSOT AT} [[1IS ST vpnLil “I3)SE] MOJJ SPOOS PajUBMUN NeW 0 Auo
1nq sanbruyda) ueay sydope uoneziuedio ue Ji, pdurexa 104 Bunjuryy
e 0} [PIIUISSI DI SYUSWS[3 MO [[V *(vpriy JO UOHBUTII]D 343 PUD 34}
“ur st yoTyM) uoyoafiad JO YDILIS UL TSW0ISND I} JO fnd 1 Je ToW0)
-sn> 9y AQ pautfap se ONIeA JO MO} SHONULU0I Y} SIUIWRD PAUI
-13)uT InOJ sey 1Byl poylau B Bun[UIy) Uea[, [[ed SUO{ pUB YIBWOM
Teym st saonoeid [njalsem yons 0} JOPHUE [BSISATUN Apreau ayJ,
-uB1sapal $s2UISN| JO IO1IUOI] 18913 JXIU ) ST WY
oy jo Surrosurdud waisAs-a[oym YSnoIy) 383y NI SIOUILYFAUI Sur
~AOWSY “IWIOISTD 3Y} 10§ Adusyyaul [nypeaIp o3 dn pappe Ajjewmn
e Aem e ul— AQUSIOYJS, Se} PAUPIP AJMOLIRU UMO SN wroj1ad

21 MO74 ONV ‘3IDIAY¥AS ‘Yanw

01 paziperoads sem yoey ‘suoneziuedio ussjeutu Aq paurrojrad sdays
Suissanoid 2a1y3-A1uamy pue ‘suonsanb swes oy Sunjse suondadsur
1yS1e ‘suoneiado Surpuey-a3e38eq uaads ‘saul] JUSIYIP U} UT Funirem
ur juads usaq aaey o) din rre ueadoing-enur [edo1d4} e jo swn I00p
-01-I00p 54} J[BY A[TESU PUNOJ 3DUO SIUO( JBY} 5)SEM UIIM P[PPI 08 18
SUI9]SAS 9594 I, 'SI12UI0}SND 0} [e31ded WIOI) SSIUSIPT 19Jsue) 0} pausisap
SUI2)sAS PAYSI[QEIS? 9ABY SIUIIIE ISYIO lsouwl senuod up syyoid
SOUI[ATY ISIMUINOSG JO 121038 Y ST ‘SINUTLI AJITY} JO PLa)SUl WYY Ul
souejd punoxe Sutuin) 4q pao1ojurax 9dsoucd Jey ], "UOHEUNSIP © 03 A1
armredsp e wioy Apsarrp of ey soue(d snoWNU 10U PUE ISY[BLUS
yonur Sursn Aq jutod-03-jutod jsej se a01M] INOQR 3q pUe ISIOU [€30]
ss3] 2o11po1d ‘[anJ $S3] ST ‘$S3] 150D P[OM [2ARI} ITE JSOUT 10U JT YOO
*3DUTUIAUOD SB [[9M SEB AOUIDD
-jjo oTrIoU0%9 pue uonnaduiod Supnpas sy ‘S10[s dyjen-ire pue sajed
azijodououwr 0} ey AUIOYIS 10§ $$3] PAUSISIP 1B YOIYM ‘sqny] d3re]
asoy) 10§ pazis are sauefdire a1 Jey) uosesl [edidojojne) Ay 10§ A[uO
1ua1YIe 00 1] “Suoip “sirodire pue ssueldire aasuadxa sazimn Ay
Yot wayss yuanyye A[YSTY e 531 18y PO} 21e A3 25118d3q ST} 31e13[03
s1o[oARI) 3SOJ "pajuem A[peurdiio nok uoneunssp ayl o} Surod suerd
281e] 19Yj0oUE PIROQ PUE DIdY) 2ALLIE NOA 90U0 X3[dwod [euturs) 38ny
e w o081ed Sunios-J[as, dUI0D3] ‘UOTBUNSIP [eNIDE INOA WO U1
-yip a1nb yurod 1ajsuex) e o) suejdire a81e] e ur A J10d e 10(eUI € 03 398
MOYPUIOS JSTIW NOA ‘PeaIsU] 03 03 1UeM NOA 219Ym 03 I3y 10211p € 323
1.UBD NIOA U3 "[OART) I8 :30US1IdXS JRITUIE] SI0W YDNUI B e} 10
“ULIY UOTIONLIISUOD AAARS B 10] a3eiueApe
aannaduwod a3ny e 53ea1> Ued durn pasem Jey Jo 11ed usAd uneurry
-suone1dadxa pue SPasu S IOUIOISND AU} 199W 0} P3[Ie) ey} 10 SuoIm
Afreotuya; sem Jey) yiom Suropal pue jno 3ulres) — Suryiomal Ul 10
‘ompaypds x9[dwod & 0jul pany pue paje[durod 3q 0) SANTANOE PIZI[RD
-ads 107 Suzzzpm ur Juads ST 3MPAYDs UOHONISUOD ISNOY-W0ISN [edid4Ay
Y} JO SUIXIS-3AY JEY} PIIAOISIP UOS[IM Mo 19p[ing “Aze[ a1e SId
-y10Mm 313 asnedaq 2oe[d Sunye) 1 usre sZe[ 359y} Ing “AJANORUT JUILINDAI
jo spotad 200U [[NOX "3STIOY WIOISND € SUNPDNISUOD aIe SISP[NG
aroym ayis qof e Sumisia Aq Aes JIeIS jvpnu ST [[B ST 319YM 0§
"ST1 pUNOIE [[B J}SBM J[qISIAUL
Asnorasad 2y [easar Jeyy — sopeidads vpnu, ejusl — uvondeorad
jo sopowr Sunenouad dopaasp 03 wayy padipy dusLRdXd eonoerd
1SBA SJUSPTIS STy pUE SOUYQ "W [[98 03 YSnous way) Sununodsip
uay} pue — Apeaife waYy) 1YySn0q 2ABY PINOM SISUIOISTID ‘PIAJUBM 3I5M

WSITVLIdYS TVHNILYN 9zt




[e12A0 JUA1OYJS 210U 831 “do3s ssa001d 10d AoUsDOYJd, PAUYSP AJMOLIBU
$)1 U1 $9582103p 1$9pou Aue Y3MINO Iey M juswdmbs wononpoid
PaZI[ed0] SIOW pUE IS[[EWIS YONUI JO 3500 guiddiys 1amo[ pue s0d
A103u2AUT IoMO[ AIIIqRI[SI JOYSTY UdJO 4qIxap 1978313 JUSUIISIAUL [€}
-mnwm.u 12MO[ 313 JO SIYAUQ onsiZ1aus Ua)jo pue pauIquIod 3y} Gurmioe]
-NEPEISPOU [[¢ JSOWE UL JeT ST ypoeoidde uea] a3 JO DUSSI YL
“1of8)9¢ 9 UIOL] I9PIO UE SUIATSIII UO Ajprerpauitul pue A[[edof e[o2 jo
sug offp soonpoid 1eys surgoeu pareonstydosun MOfs ‘[[BWS € UBLY) UED
vumm«ﬁnm@ 1od 2101 1500 [[om Aeur SUTYORW SUTUUERI-B[0D juetd o1 ‘oAl
-uwmuum UI2)SAS-9]0YM B WO 9pe[q paysiuy 10d A3500 puE MO[S 319M
nefpurid 1od deayp pue 1sej pay0O] s1opurid s AWy M R 1eld se Isnf
-ssan01d uonpnpoid a1 jo syred sunueydape 9y} [[B UMIq 2510
pue ‘odsuen ‘Suypuey JO $3SSO[ pue SIS0 aalseatad sy} pue ‘ureyod
anfea 2yl INOYSNOIY) SILIOIUSAUT 3T} ‘(110ddns [eoTuyd?) Sse SWIIO}
yons uT) 10qe[ 193IIPUI SE $asUSdXD YOS JO SN 4505 15B] 1B 20]RA
IOUIOISND 31E2ID 1USI0P 1 Ing “ISUUED 3y 0} AZjens JuLDLYd Ue M
syo0] Ajqewmnsaid wed 12d 1503 [ 1S9MO[ S PIIOM T3 AT O suryoeuI
Suruued 1s9158) SpHOM 34} Suldng -urdsds 21mud Y} Surzraassad
AQqa10Y3 pUE SISYIO UIOL UOTBIOST UT JUSWS SUO Surziumdo Apureu
— syusuoduron Jo [243] 3y3 1e 191dey sno1A1d IYy Ul PIsSISIp — MEY
uSisap osures Iy Appswaid uoneziued1o ssauisng 03 guid[dde jo ynsaz
ay st 01307 Jey Ing $1s03 1on0a8ueyp ySry A134 Yaim ‘spaads Yy Axon
18 S3(PIEq SNOUIIOUD UT UNI 0} PAUBISIP st ssavo1d wonpnpoid 3y, N
gurnpoid ‘ouo s[ess-d31e] A19A B puE — B0 JO UED ® Suppuip — uon
~e12d0 9[EDS-[[PUWIS AI9A B U92MIDq [DJRLISTUI T WO SYMSAI S [TV

*3SIOM TIOAD
MOJj STBLISTRUI Y} JO OUJen 08-pue-dojs a3 Supfew APANIMIULIAUNOD
AQIaY) — J1 SWODI2A0 0} A1} 0} $Y0IS 1ofnq Sppe 1a7ddns ayy “pau
-3[110q B S 219U} JAISYM »Ajddns u1 sAe[op 10 pUBWISP UI SUORENION]] UIIS
-aIoJun YiiMm [esp 03 28els wreansdn A194 18 satzojuaAur afny saxmbaz
2[00 jo A[ddns paydnirjurun ue se saAred19d 19WI0ISND 3} 1BYM NP
-01d 0} wd)sAs ananb-pue-ypIeq SAISSBUI B YONS 10 ‘PNl amd juaoiad
Ve DUE 66 ST STYT, “UIq YSEX} A} YOBAI 0 SANUILL U ‘puey] § I9UIO0}
-sn> a1y 01 398 01 wononpoxd Ul sAep 61€ SAEI 1] $UBI B[OD wnurune Y3
jo e3es s.£ 1a1deyd IPQUIDUY "SANSTPUL J[OYM ag1owiqns pue sdurured
UMOP PNS 18U} SMOLIOPUN PUE SIIPP3 JUS[MQINY OJUEL S[ELIAEUL JO M0p
yyoows ayy surmy uondonpoid jo a8e)s Aue je paads IO I[EIS JAISSIOND
asneaq Jpasi Ajrjdure 01 spuai vpniu jdnnu pue punodurod 03 suoid
s1 wp[Ing € Ul 183y PIjULMUN 10 181 B Ul 1ySom pajuemun se snf

621 MOT4 OGNV “3DIAY¥IS 'VANHA

-padderds Ajdurs a1om s1apurid pareonstydos a1 J1 U9A3 1834
® UI §)50D UOISIAAUOD S} pledaI Ay P[NOM PUE ‘SPU0IIS 00T 03 SINOY §
UI0] S} J9A0SSURYD 1N I33SBJ SIUWT) 00T PINIOM ‘YOTIUI SB JY 1503 1]
*AeMIOOD © UI0L 3[qeAdAINS AJISEd WOOI [3UTS © UI SNJeA [enUUE JO UOY|
-11q 1§ paonpoad ‘sauryoeut S]dWs pue 3IOP[IOM [EUONIpEL afem-ydy
e Suisn ‘woisAs uononpoid pasiadl Y], ‘sINIoM Aueul 003 paxmbaz
Aoy 1ey) pajewome 0§ puUR YoM 00] $5200Id Y1 UMOP PIMO[s
Aot Ty Isej 08 ULAq pey sauryoew Jiq Y ‘days Surpurid oy snf
10U “ssa001d uononpoid a39[dwod a1y} Jo 2andadsiad walsds-s[0ym 3y
UIOI] PAMATA “PIjRUIUII]? d1aMm sassadoxd Sunoddns Aiseu oyy asnesaq
soynu S/ 0] sdep oT woy pasvarsp ss2001d aImua 3y} 10§ dwm nd
-yBnory) 3y INQ SANUILI §Z 0} € W0} PaseardU dwn JUIPULS Yonul
se y3moj-auo Jursod sauo sdurs Y31 YIM paoeydar a1om s1oputid
Aouey aa[am] 21 ‘S3YIBQ ISIDAIP ‘T[RWS JO uononpoid aide papasu 4su
-y M 3 Beid ng 9onpoid jo satpieq uroyun 31q sonpoid 0] Jues
a1om s1opunid ysej oy 2ourg “Bunnyod pue A[1s0d 1M JeT} sassanoid
Sunioddns paxmbar sopuiid isej Y} I2A0IOW ‘SISIUIYOEU paxmbax
pey waisks uononpoid [ENUe PO Y} S SUBIIIUYD) AUPUI S JNOQE
paxmbai sforuod seyndwod x9[durod 1Y} Ing 158y Afnyropuom 31vM
s13puLI8 Sy L, *S9Pe[q SUIQIN] eUl 0] SIPULI3 NO]OI UBUIIAY) 11e-31}
~JO-31®1S — JUSWIMUOUL, © 10 UOT[II 08¢ pred pey jye1oire 103 sourdus
19( Jo Iaxewr 15981 S,PIIOM Y, "PAIGACOSIP ASWIYM R eld S 21y
-peq ues sjdoad 10§ sautyoeW X3[dII0D JO SUOHMINSGNS [BUONIPEL],

“w woyy  synd,, our] A[qUISSse SATJOUIOINE Y} S ISEY Se Aquo spparys
-PUIM I3AI[PP 0} PIZIS 3q P[NOM AISUIYDBUI Y], "PIAJOAUT 3q St
sotuedtiod pue SOUTYIBUI [BI2A3S YSNOY) UIAD JOOI JUO I9pUN UOISS)
-ons ayerpauru uy ssavoid uononpoid sy ut sda)s 3y [[e 1o Aixed pue
410108} 18> 2y se ooefd swes oy Je Jueld [[EWS B P[INQ P[NOM SPPIYS
-puim SULINIOBINURTI 10 WSISAS JUSIYJD UY wpnil [e ST a8exea1q pale
-posse pue ‘Furddiys ‘Sunpeda1 ‘Suppedun Buneayal Gurjood ay) 18]
ur nq gos1dod syt 03 JUIDYJ? Yoo[ Aewr duNb3s ST JO 11ed yoey

*aN[eA ISWOISND 0 $3INGLIIUOI YOTYM JO SUOU JSOUI[E
‘o[l 00S‘T A[IESU PI[AARI} SeY SS[3 3} pue pasde[o aaey sdep 001
19AQ) “Te3 211 Ul paffeIsul pue paypedun s31 I31e] sAep Z1 D19y ], A1010¥]
183 1) 0} SapIWI 095 1oI0ue paddrys pue ‘paxdedal ‘SHUIWIUYDI IO
pue speas a8pa 1yBL1 oy PIm pany ‘papedun sat aare skep 1F @1ay],
-orepnsdesus sse[d oy 01 saqut o€y paddiys pue ‘padexpedar ‘pajood
s1 sse[3 oY) USY, ("PI[[EISUI ST SIIP JO 32§ UIAIS © J[IYM 30UO 1B padeys
aIe SPRIYSPUIM JO saypleq a8ny ‘suonedsymads JUIPIP sey [Ppow

WSI1TViIdVYD TYHNLYN 821




Pa[eaASI aARY SISAYIUAS WId)sAs-1amod 313 Jo suossa] en1doouod 3y 39X
-ungaq Ap1eq sey suonestidde yons jo uonero[dxs ayf, Ioremdisem
10 ga7em 9amod Jo mop 2y 01 snoSofeue jeymawos st sdays wononp
-01d JUSIAJJIP U29MI2q S[ELIDIEW JO MOJJ IS0YM — FULINIIBINUBT UIAD
oy BHE ‘SuOnEOIUNUWIWOD ‘uoneliodsuer) Surpnpur ‘surd)sds [edIuYdd)
% fur 03 Ajdde pnoys sOIWOU0I I[eds uasAs-ajoym asjqereduro)
el *$1S00 UOTINGLIISIP 210U ULARS ‘Papasu
um&oﬁ a19yMm 03 1950 pue Ayirenb 19139q yam AySnoroy arow 11eM
3 PRI SJUSLIINU 9[GEN[EA 1940031 OSTe P A9y, ‘Jure[d 19818 9} 94135 0} B2IE
& 1278218 © woly 28emas 109[[0D O] — JUSUIISIAUT WIsAs Jo Jud1ad 06
£ usyo — sdumnd pue sadid U1 JUSUIISIAUT $$3] 18] Padl p Ao} (3,u0p e
-13u98 Aot yorym) Aaoeden Jo jtun 1ad ax0w 3500 syue(d Iof[eS AU JI
U9AD 25T1BDIQ 9SBD 2Y} ST JBY [, "JUSIBI} [EDI30[01q SE SUONN]OS 11S-UO
U2A3 10 [EJ0] YoNS UBY) IIIS0D Iej sT— wonejost ur paziumdo 20a1d
o — S1ama3s wOTI[0> Sunprey 1oys pue sjuerd jusurjea-ademas
[eX)u2D edIsse] SaSLIAUIOD JBT) WIAISAS S[OYM I, SWINSAS I91eMalsem
pue Iatem ur 981ows 0] SunIels se sanbnun snodofeue pue ‘sorjdde
aaneradurn uSisop WaisAs-9[0YM SUIES Y} IIPIP S[IeIdP AULU S[TYM
‘suonyeorjdde Js0uI T ‘MOoU DANIIYI-1S0D S[[30 Te[OS UIAD B
o1 y3nous st ey, "pasoddns A[feuonipen uey) S[Gen[eA SIOUI p[ojua}
Moqe sad1mos 1amod pazien;uadap New A[edid4] sOIUIou0dd uo eds
30 s109y5 pajunooun aAY-A1uaads Aprewrxoidde ey ;punoy STSOUIUAS
Jua0a1 & ‘saurdisip 1930 pue ‘Sunsauidus [eorndafe ooy orogirod
Jo sjoo3 ouAfeue snoloSir oyl SuruIqUIOd Ag ‘SO66T Y} U padiswaal
uo} ‘s0g61 A[xea pue S0/61 a3 Sunmp poSourd [eds yueyd-romod
JO $oTUION00a 31y U drnye1dy Surpduwod e Goustadxs Surtuagserp jeyl
wol] ‘wsnuedi SIeuLi}dop JO s30uanbasuod [EHURULY 1) WY 194021
0] sapesap e} [iM ‘peoiqe spredIviunod sy jo jsowr pue Lnsnput
AImn "g') Y], IX21U0D $sAUISNG SANNAdWOD S)T $3]8II) PUB ‘SIAWIO)
-smo 0] AIIIOApR st SIPAIPP ‘Pry sit sarjddns jeyy wsds dy) woxy
UONB[OST UI PAUTULINNAP 3q 1.ued> uonels 1amod e 1oj azis 1adoxd ayf,
AUIou039 Y JO 101098 dATsUAIUI-E}IdRD 1S0W Y} ‘SwAsAs Tomod J1ny
53] 01 p1eSa1 YIIM UOISNOUOD SIY} PIULIFU0D A[Suons sey AI10ISTH
‘ind sauiozsna fo
uopI0] puv 2311 241 U0 spuadap 3z1s W31 Y, :11ed e ST YOTYM JO wd)
-sks oy sazrunissad uoneost ut az1s spuryoewr e Surzrumdo ‘uredy 180
$SOUISNQ PUE SIMIONIIS JOIBUI S[OYM © JO TXIJUOD ST} UT PAM3IA $5501d
uonpnpoid 213U 3y uo spuadop durRW SUDEUI-PRIYSPUIM B IO
suryoew Surpuii-spelq e 10 suryoew Juruued-2pos B 10§ 3718 JYBLI Y,

L
=
=2
D

R

K

1€T MOT4 GNY ‘IDIAY¥3S 'VaANW

,/aInqre wiasds e st Sumzis-1yS11 181} Yora) SUDJUIY UES] pue I3Ydet
-nYPS 104 TIA0IIOIA ‘3[eIS JO YOIBWSIUI B O] 01,421} 41030891 13p321q
}SeJ © [ILM SISNIOY JESY 03 3q PnoMm if se SOUIUPBUI PUIM I[NT] YIm
I9}[PUIS UWINUTWIN[E e UM 0) ssopputod se 1sn{aq pinom J 32 paziseyduwa
gsoursnq wi wsnued3 jo ymd> Ay pouonsanb 3s1y (€£61) nfunvag
§] JJpS JTSSE[ 9SOYM TIYDRLINYIS o “H WS Suryid 145 Sunfewr ueaw
yusoop Surzis-1ySLl TPAIMOY] “wpni JO SULIOY a11pul AUBUL $9}IID
pue AJI[IQIXS] $S9] 10§ SMOT[E 1T 35Ned2q ¢9s10M UD)JO ST 31 pue — [[ewS
00} se peq se 1sed] e st 81q 0OL -qof ayy 10§ 3zIs JYSLI Y} 3q p[NOYS
ss3001d 1o ‘ouryoew 00} Aseag “BuR{UIY} UL3] JO S A9y 1aypoue
st ureanjsumop dajs XU 3} 4q nd jo sje1 3y} 03 jusurdmba wononp
-01d jo afess oy Suryorewt Syensn 101deyD ST} UL IST[IES SITPTIS 35ED
oy sy sser Y} 10§ IZIS 1311 oy SJEUA ST uonsond Fergelinliiag

51500 Aeay s1eaq Arxajduiod Jonpoid

saumm A3atrea pnpoid GuiA[dnmnu ey} SnOIAQO st 31 — N0qe Sp1P
0} a[qno1} 2y} e} 0} SUI[IM JIE IOU JUEM Aquressadou 1yNAU A3
$35101p — $30T0Y> 2I0UI SIOUIOISTO Sunrayjo ur anfea umrwaid Surpia
-01d ST M A 1BU2 SDOTAGO 10U ST IIYM g-sired Aueur se sowm Inoj UBY}
10w ITM s WYBIR-AIXTS IM S[EIP MA STTYM suoneoy»ads J01ITUI
1M0J A[UO SIAJOAUT WNSAS uonpnpoid sUeSSIN INsal B §Y $10[0d MO}
ut owod pue ‘syred IN0j YIM «uBrsop SUO dABY SIED BIDIN PI[QUISSSE
~ysntig 10§ UesSIN AQ PauSIsop SIOLIUI MILATE! IOLI9)XD 3], "S10]0D
/1 1 qe[reAe yoed pue ‘sired pa1asurdus A[31eIoqe}d 6181 Sururejuod

yoes ‘suBisop JUIYIP Ap191dwod 1O 2ABY SIOLITUI S (0D MA UL

-oum pue ‘vone)iodsuer) 4319ud
‘srer1o)eul ‘9oeds SB $30IN0SAI YINS Ajsnoaueynuts aes 0} AN[Iqe Jopim
ot sured 1 querd 10 ss9001d 3[OYM 3T} JO 1X3IU0D 31} 0} paSre[uy s1on
-poid pue sjusuodwod 10§ Anunyzoddo uBrsap e sem uonesyrdus I}
-deyp snotaaid 3y U] -worpeoyrduts st SunjuIy} ues| o0 sAa ay1 Jo AUQO
31vIS ANV NOLLYOLAITd WIS

-uonpnpoid aeds-331e] 10] se -[[EWS 10§ 3N S8
st s 4Burstading ‘ppru OU pUE S0IS 1hNq ou ‘sypausfinoq ou ‘Sul
-31padxs Ou ‘SALI0IUIAUL OU ‘sMOppoEeq OU ‘skefop ou ‘sd03s OU ALY 0} ST
1208 2y [, "MOJj SNONUNUOD UT ydoy] 1onpoxd 21 Yim I2IOUE SUO 0] JUD
-efpe A[YRIpIUIWI INO P3LIIED 3q UED sdays Surssadoid JUSIaIp YL I[E
‘os Sutop Ag "sponpoid usamiaq Yrys Appnb ue jeyy sourye J[qrXay
Sursn 4pedoxd uonpnpoid aeds 0} Asuowt pue Wi pue $32IN0S2I UL

WSITYLIdYD TVENLYN (0194




EKPC Request 3
Page 1 of 3

DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 3
RESPONSIBLE PERSON: Geoffrey M. Young
Request 3.

Reference Page 8, Lines 7 and 9 of your testimony. Please provide copies of
studies and other evidence that support the assertion: “The more electricity EKPC sells,
the more money it makes.”

Response 3.

The following analysis makes use of an estimate of the percentage of EKPC’s
total costs that are variable and the percentage that are fixed. The attached worksheet
indicates that approximately 55% of EKPC’s costs are variable (i.e., fuel and purchased
power) and approximately 45% fixed. It indicates also that EKPC’s average revenue per
kWh is approximately 7 cents. Applying these percentages implies that on average, each
kWh that EKPC sells provides approximately 3.9 cents of revenue intended to cover the
average fuel costs and 3.1 cents to cover EKPC’s fixed costs.

Following the methodology provided by David Moskovitz in his 1989 report,
Profits and Progress through Least-Cost Planning, one can project the financial impacts
of incremental energy sales on EKPC’s revenue and net revenue under a range of

assumptions about the short-term cost of fuel. I will consider three scenarios.
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a) EKPC increases its sales of electricity by 1 kWh during average conditions. In
this case, its incremental cost of fuel was 3.9 cents and its incremental revenue was 7.0
cents. EKPC’s net revenue increased by 3.1 cents.

b) EKPC increases its sales of electricity by 1 kWh during high-cost conditions.
Assuming the short-term fuel cost is 10.0 cents/kWh during a time period when load is
relatively high. EKPC will receive incremental revenue of 7.0 cents and pay a fuel cost
of 10.0 cents; the short-term effect on net revenue will be a negative 3.0 cents. The fuel
adjustment clause (FAC), however, will soon compensate EKPC for the difference
between its short-term fuel cost and its average fuel cost. The operation of the FAC will
allow EKPC to recover the difference between 10.0 cents and 3.9 cents, i.e., 6.1 cents, by
raising rates in a subsequent period. The final impact resulting from the sale of this
incremental kWh will be 6.1 cents — 3.0 cents = 3.1 cents.

¢) Conversely, if EKPC increases its sales of electricity by 1 kWh during low-cost
(off-peak) conditions, the FAC will require EKPC to refund money to its customers. If
EKPC’s fuel cost during an off-peak period is 2.0 cents/kWh, it will earn 5.0 cents in net
revenue in the short term. However, the FAC will soon require EKPC to refund the
difference between its average fuel cost of 3.9 cents and its short-term fuel cost of 2.0
cents, yielding a refund of 1.9 cents. The final impact resulting from the sale of this
incremental kWh will be 5.0 cents — 1.9 cents = 3.1 cents.

[Source: Moskovitz, pages 4-5. The entire report is reproduced in response to the

PSC Staff’s first information request 1a.]



| o EKPC Request 3 '

Fixed o (i Thusseds)

263 1

03,432
24 0 109, SFI -prbed s

st e it

o "22 313,005
22,

69, 811

(s, W%

(;glzzé
22,555

- (Fn
57,

/%OL(}Q,Q; + 33, 005 61T, 309

Eoxed = '50‘1,2‘?7/71' 304 = 1.1 f’
Veurable = 3%3,005 /K‘F,L,So‘/ - g5 %
DQ!{}\/&Q '\Qmm
EKPC &ngai{o&w‘d Stakements o velewe and  expunsts,

A}’f\f@fﬁ'fow, Lyhby M Py F
L¥ PC\g aNerage Felemve pex LWI‘ =
?Wﬂ,om, 9‘3?//(, 551 o4 MWk éF',Og??//(W

@wm&l EKPC dafa b UH"H Wv%‘vy @«NT; Con w{/yfoa%

poc staff's [t Data Revest 2, “page 3o of 3 )



EKPC Request 4
Page 1 of 12

DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 4
RESPONSIBLE PERSON: Geoffrey M. Young
Request 4.

On page 14, lines 8-9, you say that in Kentucky, “Those DSM programs designed
to shift peak loads to non-peak periods have tended to be somewhat larger and more
effective.” To which DSM programs are you referring? Please identify and provide
copies of the studies or other evidence that show that these programs are “more
effective.”

Response 4.

I had in mind specifically E.ON’s direct load control program for residential and
commercial customers. On July 19, 2007, E.ON filed an application with the
Commission to continue and expand its DSM programs. [Case No. 2007-00319] The
attached pages copied from Volume 1 of that application describe the scope and
effectiveness of E.ON’s Residential and Commercial Load Management Program.
Between 2001 and June 2007, E.ON has installed radio-controlled switches on over
114,000 air conditioners, water heaters, and swimming pool pumps.

With a 2008 budget of $10.0 million, the “Residential Demand Conservation”
Program is E.ON’s largest single DSM program. It represents 39% of E.ON’s total
annual investment in DSM. [E.ON Application, Vol.1, page 10] It is also currently

Kentucky’s largest single DSM program.
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An indication of the effectiveness of the residential and commercial load control
programs is given by E.ON’s statement that “On August 2, 2006, LG&E and KU set a
new combined system peak of 6,852 MW. During this peak, load control devices were
activated and over 93 MW of demand was eliminated from the peak.” [Ibid., page 20]

Another indication of the programs’ effectiveness is provided by E.ON’s estimate
that the benefit/cost ratio (according to the total resource cost test) of the Residential
Load Management Program is 3.75 and that of the Commercial Load Management
Program is 6.75. These are the two highest-rated TRC results of all of E.ON’s DSM

programs. [Ibid., page 8]
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ES.4 Demand-Side Management Cost Recovery Mechanism (DSMRM)

The attached tariffs contain separate cost recovery mechamisms for LG&E and KU. The
proposed Energy Efficiency programs will be operated as one group of programs available to
customers of LG&E and KU. While the programs will operate as "one" from the customer's
perspective, separate accounting will allow for the proper recovery of the DSMRM components
from each utility's individual customers within the appropriate rate classes. The attached tariffs
assume an effective date of January 1, 2008.

The Demand-Side Management Balance Adjustment (“DBA”) is used to reconcile the
difference between what was actually billed and what should have been billed for approved
Energy Efficiency programs. DBA adjustments will become effective each April for the
purpose of reconciling DBA revenues collected in the previous calendar year.

ES.5 Program Evaluation

Program evaluation is necessary to control quality of the programs, to optimize resources and
to respond to customers’ needs. Program evaluation is usually done in the following two
phases: 1) process evaluation and 2) impact evaluation. Process evaluation is a systematic
assessment of a utility Energy Efficiency program for the purposes of improving its design,
its delivery, and the usefulness and quality of the services delivered to the customers, while
impact evaluation focuses on quantifying the energy and demand savings and other economic
benefits of the program. All programs will be evaluated by the Companies to determine their
benefits and costs. The Companies will continue to monitor all the programs and if any
program is deemed to be ineffective, the Companies reserve the right to cancel or discontinue
the program with a letter or motion to the Commission.

ES.6 Program Benefit / Cost Calculations

Listed below are the benefit / cost ratios performed according to the California Standard
Practice Manual for each of the proposed Energy Efficiency programs. The Companies
worked closely with program design consultants to create programs that are in the best
interest of the participating customers and result in programs passing the Total Resource Cost
Test. Each of the proposed programs passes the Participant Test (Programs designated n/a
have no participant costs) and the Total Resource Cost Test.

The benefit / cost calculations were performed using DSManager. DSManager is a PC-based
software package developed by EPS Solutions under contract with Electric Power Research
Institute (“EPRI”). The DSManager output reports for each of the programs can be found in
Volume II Appendix B. The DSManager input summary report for each of the programs can
be found in Volume I Appendix C.
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Benefit/Cost Ratios
Participants | Utility Cost | Ratepayer Total
Test Test Impact Test Resource
Cost Test
Residential Conservation 4.19 1.37 0.60 1.50
Residential Load Management Infinity 2.67 1.90 3.75
Commercial Load Management Infinity 4.52 2.09 6.12
Res. Low Income Weatherization Infinity 0.81 0.37 2.28
Commercial Conservation 430 1121 0.89 3.64
/Rebates
R'emd.entlal High Efficiency 11.04 4.40 0.64 287
Lighting
Residential New Construction 2.23 1.49 0.61 1.09
Residential HVAC Tune Up 7.66 1.13 0.62 1.10
Commercial HVAC Tune Up 20.32 2.04 0.53 1.79
- - -
Customer Education & Public w/a 0 0 0
Information
*Dealer Referral Network n/a 0 0 0
*Program Development and
Admin. n/a 0 0 0
Overall Portfolio 7.02 3.31 0.89 2.80

* Benefits are captured in analysis of supported programs

ES.7 Timeline

Implementation of this program plan will require employment of additional personnel by the
Companies. While going through the approval process of this program plan, the Companies
will not add Energy Efficiency Operations employees but do intend to move forward with the
process of selecting contractors for the programs. The Companies will not sign contracts
with the successful bidders until the program plan and corresponding cost recovery have been
approved by the Commission. Implementation plans will proceed under the assumption that
approval will be granted prior to January 1, 2008. The Companies intend to implement all
programs as quickly as reasonably possible following approval with reimplementation of
existing programs taking priority. Assuming no major delays in finding qualified employees,
all programs are expected to be operational by the end of 3rd quarter 2008.
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£.5.9.2 Annual Budget — Programs & Rate Class
2008 2009 2010 2011 2012 2013 2014

Residential Programs

Residential Conservation 642,432 698,339 741,895 770,249 777.624 796,276 815,473
Residential Demand Conservation 9,991,125 10,247,157 10,793,803 9,782,181 10,241,082 9,091,041 8,661,803
WeCare 1,728,665 1,738,166 1,788,208 1,868,463 1,892,711 1,947,260 2,003,401
Responsive Pricing Pilot 1,004,220 221,810 221,810 107,500 4 4] 0
Residential High Efficiency Lighting 3,434,829 3,388,963 3,396,569 3,416,046 3,447,148 3,489,677 3,543,481
Residential New Construction 859,994 864,292 1,064,054 1,102,635 1,204,469 1,281,140 1,401,683
Residential HVAC Diagnastics & Tune Up 204,825 339,747 392,391 487,332 482,994 492,092 537,642
Customer Education & Public Information 2,480,594 2,531,811 2,606,787 2,703,261 2,825,110 2,978,045 3,170,248
Dealer Referral Network 129,058 118,886 121,750 124,686 127,695 130,781 133,943
Program Development & Administration 603,781 622,110 637,899 654,104 670,737 687,808 705,331
Total Residential Programs 21,169,525 20,771,282 21,765,166 21,016,458 21,669,571 20,894,119 20,973,008
|Commercial Programs

Commercial Demand Conservation 436,110 398,688 450,564 438,750 431,397 447,948 432,350
Comm. Conservation w/Prescriptive Rebates 3,177,328 3,149,081 3,170,021 3,314,230 3,213,256 3,235,571 3,258,365
Responsive Pricing Pilot 178,129 38,465 38,465 17,500 0 0 0
Commercial HVAC Diagnostics & Tune Up 190,077 268,122 328,117 411,778 455,180 466,894 512,048
Customer Education & Public Information 544,521 555,763 572,222 593,399 620,146 653,717 695,908
Dealer Referral Network 28,330 26,097 26,126 27,370 28,031 28,708 29,402
Program Development & Administration 132,538 136,561 140,027 143,584 147,235 150,982 154,829
Total C clal Programs 4,687,033 4,572,777 4,726,141 4,846,611 4,895,245 4,983,821 5,082,902
Total Plan 25,856,558 25,344,059 26,491,306 25,863,068 26,564,816 25,877,939 26,055,910

10
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LG&E and KU
2008—2014 ENERGY EFFICIENCY PROGRAM PLAN

Program Name: Residential and Commercial Load Management

2.1  Program Description

The objective of this program is to reduce peak demand and energy usage through the
installation of load control devices on residential and commercial customer equipment,
emphasizing central air conditioners and heat pumps, but also including electric water heaters
and pool pumps.

Load reduction is accomplished by cycling equipment on and off according to a predetermined
control strategy. For example, if an air conditioner is turned off for 15 minutes during a 30-
minute period, it is “cycled” on a 50 percent control strategy. The Company’s strategy has
been to control between 30% and 45%, depending on temperature and customer equipment,
resulting in an average demand reduction of over 1 KW per switch.

Additional energy savings come from the use of the setback features of a programmable
thermostat, which includes similar technology as the switch to cycle the unit during peak
periods. The U.S. Department of Energy ("DOE") indicates that proper use of a programmable
thermostat can result in savings of around 10% a year on heating and cooling usage by simply
turning the thermostat back 10°-15° for eight hours per day, when asleep or away.

2.1.1 Program History

In 2001, the Companies began implementation of this load control program ("Demand
Conservation™) and as of June 1, 2007 over 98,000 devices have been installed on air
conditioners, electric water heaters, and pool pumps. Because these devices often control
multiple appliances, there are over 114,000 air conditioners, water heaters and pool pumps
under control.

19
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The current electric system summer peak demand reduction is in excess of 107 MW. Program
performance and demand reduction assumptions have been verified by independent program
evaluations by SBC in 2004 (see Volume IIl Appendix E) and GoodCents Solutions in 2005
(see Volume III Appendix F).

The program plans call for up to 20 control days per year. As seen in the table below, the
Companies have historically utilized the system an average of 11 days per year.

Year Number of contro] days
2003 11
2004 7
2005 16
2006 10

On August 2, 2006, LG&E and KU set a new combined system peak of 6,852 MW. During
this peak, load control devices were activated and over 93 MW of demand was eliminated from
the peak.

During 2005, equipment manufacturers began incorporating the functions of a load control
switch into programmable thermostats. During the winter of 2005-2006, the Companies
purchased 2,000 load control thermostats and began deploying them to customers. The
functionality of the thermostat is the same from a load control perspective, but has the added
benefit of additional energy savings through the use of programmable temperature set back at
night or during times the home is not occupied.

Currently, customers are offered the option of a load control “switch” with a bill credit during
the summer months or a load control programmable thermostat without the bill credit. While
the first cost of the programmable thermostat option has a higher first cost, the elimination of
the on-going bill credits results in lower life cycle cost. The thermostat option also results in
significant Kwh energy savings and reduced HVAC contractor concerns regarding installation
of load control switches and their perceived interference with system operation.

2.2 Rationale for Program

Load management of air conditioning, and other large loads, has become a significant tool to
delay future generating capacity since it targets one of the main drivers of the summer peak.
Current market saturation is approximately 15% of residential central air conditioning units.
Based on results seen in other utilities such as Excel Energy and Florida Power & Light, it is not
unreasonable for the Companies to double this market penetration. This program should help in
delaying the need for future generation capacity. This program has also provided another tool
by responding to emergency situations. At the time of forced outages, the immediate shed of all
controlled loads, for short periods, has given the Companies a new tool to respond in the most
cost effective manner. This short-term load reduction helps the Companies by providing

20
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additional time to maintain or return to operational compliance required by the North American
Reliability Council ("NERC").

2.3  Participation Goals
A saturation of approximately 33% would be required to obtain the program’s goal of 199,000
air conditioning participants. The Companies assumed that participation in the air conditioning

portion of this program would be split equally among LG&E and KU customers. We propose
to install load control devices according to the table below:

2.3.1

Residential participation goals

Thermostats A/C Switches A/C Total A/C Water Heaters Total Devices

Apnual  Cumul. | Annuval  Cumul. | Annual Cunul. Annual Cumul. Annual Cumul.
2008 | 11,700 11,700 6,300 6,300 18,000 18,000 6,300 6,300 24,300 24,300
2009 § 11,700 | 23,400 | 6,300 12,600 18,000 36,000 6,300 12,600 24,300 48,600
2010 § 11,700 { 35,100 [ 6,300 18,900 18,000 54,000 6,300 18,900 24,300 72,900
2011 | 9,100 | 44,200 | 4,90 23,800 14,000 68,000 4,900 23,800 18,900 91,800
2012 | 9,100 | 53,300 | 4,900 28,700 14,000 82,000 4,900 28,700 18,900 110,700
2013 ] 6,500 ) 59,800 | 3,500 @ 32,200 10,000 92,000 3,500 32,200 13,500 124,200
2014 | 5,200 | 65,000 { 2,800 35,000 8,000 100,000 2,800 35,000 10,800 135,000

Commercial participation goals

Thermostats A/C Switches A/C Total A/C Water Heaters Total Devices

Annual  Curmul. | Annual  Cumul. Annual Cumul. Annual Cumul. Annual Cumul.
2008 520 520 280 280 800 800 - - 800 800
2009 520 1,040 280 560 800 1,600 - - 800 1,600
2010 520 1,560 280 840 300 2,400 - - 300 2,400
2011 520 2,080 280 1,120 800 3,200 - - 800 3,200
2012 455 2,535 245 1,365 700 3,900 - - 760 3,960
2013 390 2,925 210 1,575 600 4,500 - - 600 4,500
2014 325 3,250 175 1,750 500 5,000 - - 500 3,000
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2.3.2 Energy Impacts - Residential

2008 2009 2010 2011 2012 2013 2014
MWh 4,802 9,605 14,407 18,142 21,877 24,545 26,679
MW 20 39.9 59.9 75.4 90.9 102 110.9
CCF 284,000 576,000 851,000 | 1,071,000 | 1,292,000 | 1,449,000 1,575,000
2.3.3 Energy Impacts - Commercial

2008 2009 2010 2011 2012 2013 2014
MWh 213 427 640 854 1,040 1,201 1,334
MW 1.2 2.3 3.5 4,7 5.7 6.5 7.3
CCF 13,000 25,000 38,000 50,000 61,000 71,000 79,000

2.4 Incentives

All residential electric customers and commercial customers of LG&E or KU with qualifying
central air conditioning equipment will be eligible to participate. In conjunction with a central
air conditioning system, customers with electric water heaters or pool pumps will also be
eligible. In some areas, paging communications are not reliably available and the program is
not offered to those customers.

Switch Option - A residential customer with central air conditioning will receive $20 per year
for each air conditioning unit participating in the switch option. Commercial customers receive
$20 for units up to 5 tons and a larger amount for larger units. Those air conditioning
customers with a qualifying water heater or pool pump will receive an additional $8 per year,
per unit to participate.

Programmable Thermostat Option - Customers choosing the programmable load control
thermostat option will not receive an annual credit for air conditioning units controlled, but will
receive $8 per year for eligible electric water heaters and pool pumps.

Multi-family Option — Multi-family units are eligible. We have had great success in working

with property owners and managers to enroll entire complexes. The incentive is reduced to $16
per year for each air conditioner, and is split between the property owner and the tenant.
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2.5 Implementation Plan

This program proposes to continue to install load control switches and load control
programmable thermostats on central air conditioners of an additional 100,000 residential 5,000
commercial air conditioners between 2008 and 2014.

The system employs a one-way commercial paging message to activate devices connected to
the participating customers' appliances. The Companies will communicate with the load
control devices during system peak hours and during emergency situations to modify the duty
cycle of the appliance.

The flexibility of the system allows a customer who experiences discomfort to remain in the
program and to participate in a less aggressive cycling strategy. The device can be
reprogrammed without requiring a site visit. We have moved several hundred customers from
the normal cycling rate to this lower level of cycling and avoided removing devices as a result.
At the time of this filing, cumulative switch removals have been less than 2% of total
installations.

Participating customers see very little if any kWh savings as a result of load management with
the switch option. In the case of air conditioning, the internal air temperature of the house as
well as the thermal mass of the structure may increase slightly over a cycling control period.
When the air conditioning unit is no longer controlled, this thermal energy is removed from the
structure resulting in the “payback” of the small energy savings attributed to the increased
internal temperature.

The addition of the programmable load control thermostat should result in demand reduction as
well as energy savings for customers choosing to use the setback functions of the thermostat.

Historically the program’s most significant means of promotion has been direct mail. While we
will continue to use this cost effective means, we will increase our level of referrals from the
existing programs and new programs. As market penetration has increased, word of mouth
promotion has become prevalent. We will also continue to use information put on customer
bills and newsletters, the Companies' web site, and new grassroots promotion channels through
groups and organizations.
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2.6 Program Budget

Demand Conservation - Residential

2008 2009 2010 2011 2012 2013 2014
Direct Program Labor $217,110 $223,377 $229,828 $236,467 $243,300 $250,332 $257,571
Office Supplies & Expenses $15,375 $15,683 $15,996 $16,316 316,642 $16,975 $17,315
Data Processing $50,000 $20,910 $21,328 $21,755 $22,190 $22,634 323,086
Advertising $540,000 $£540,000 $630,000 $490,000 $560,000 $400,000 $320,000
Quiside Services/install $2,842,256 $2,908,629 $2,976,519 | $2,569,505 1 $2,628,758 | $2,193,649 | $1,990,556
Equipment $3,484,033 $3,553,513 $3,624,383 | $2,973,978 | §3,033,257 | $2,341,832 { $2,005,005
Switch Maintenance $385,952 $475,245 $569,549 $650,762 $736,334 $807,018 $871,270
Customer Incentives $2,200,400 52,376,800 $2,553,200 | $2,690,400 | $2,827,600 | $2,925,600 | $3,004,000
Market Research $30,000 520,000 $20,000 $20,000 $20,000 $20,000 $20,000
Program Evaluation 380,000 $40,000 $80,000 $40,000 $80,000 $40,000 $80,000
Switch to T-stat $146,000 $73,000 $73,000 $73,000 573,000 $73,000 $73,000
Total Program Expenses $9,991,125 | $10,247,157 | $10,793,803 | $9,782,181 | $10,241,082 [ §9,091,041 | $8,661,803

2.6.2 Commercial

Demand Conservation - Commercial
2008 2009 2010 2011 2012 2013 2014
Direct Program Labor $44,652 $45,930 $47,245 $48,599 $49,991 $51,424 352,899
Office Supplies & Expenses $2,050 $2,091 $2,133 $2,175 $2,219 52,263 $2,309
Data Processing $2,050 $2,001 $2,133 $2,175 32,219 $2,263 $2,309
Advertising $24,000 $24,000 $28,000 $28,000 $28,000 $24,000 $20,000
Outside Services/install $104,117 | $106,513 | $108,964 | $111,469 | $105,183 398,559 $91,584
Equipment $144,176 | $147,009 | $149,809 1 $152,847 | $140,221 | $127,030 | $113,257
Switch Maintenance 36,663 59,253 $11,991 $14,884 $17,613 $20,157 $22,492
Customer Incentives $53,400 $61,800 $70,200 $78,600 $85,950 $92,250 $97,500
Market Research $25,000 50 50 $0 30 30 50
Program Evaluation $30,000 30 $30,000 30 30 $30,000 $30,000
Switch to T-stat 30 30 $0 50 50 30 $0
$436,110 | $398,688 | $450,564 | $438,750 | $431,397 | $447,948 | $432,350

Assumptions

e Program labor assumes 1.85 FTE

e Advertising expense is based on $30 per participant, increasing to $40 per participant
over the course of the program

e Qutside services provides for installation of switches at $75 each and thermostats at $80
each plus $30k annual paging expenses
e Equipment cost based on $72/switch and $178/ thermostat plus testing equipment
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A switch maintenance component includes performing a quality assurance check on 10%
of installed switches each year

Incentives for the switch option are $20 per air conditioning unit and $8 per water heater
or pool pump each year for residential, and $30 per year for commercial air conditioners
Existing “switch” customers will be charged a $40 fee to have the switch removed and
change to the thermostat option
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 5
RESPONSIBLE PERSON: Geoffrey M. Young
Request 5.

On page 14, lines 9-12, you say that Kentucky’s “utilities have invested in new
coal-fired power plants that have saddled customers with costs that are significantly
higher than it would have cost to save the same amount of energy by improving end-use
efficiency.” You also state, on page 15, lines 19-20, that “DSM is generally a much
cheaper energy resource than building new power plants.” Please identify the specific
DSM or end-use efficiency programs that are much cheaper than Kentucky’s newer coal-
fired plants. Please provide copies of the studies that support the assertion that these
programs are much cheaper than Kentucky’s newer coal-fired plants, and that quantify
the costs of these programs. Please provide documented examples of how these specific
programs have led, in actual practice, to energy services that are much cheaper than
Kentucky’s newer coal-fired plants, and that quantify the costs of these energy services.
Response 5.

According to the U.S. Energy Information Administration (EIA), the levelized
cost of “advanced” new coal-fired generating plants is between 5 and 6 cents per kWh.
[Source: http://www.eia.doe.gov/oiaf/aco/index.html ] The relevant two pages from this

report are provided below.


http://www.eia.doe.gov/oiaf/aeo/index.htrnl
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In contrast, the levelized cost of saved energy for DSM programs is between 0.6
and 3 cents per kWh. For extensive documentation of the latter point, please refer to my

response to the first information request of the Commission Staff, request 3.
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Continued Growth in Electricity Use
Is Expected in All Sectors

Figure 53. Annual electricity sales by sector,
1980-2030 (billion kilowatthours)
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Total electricity sales increase by 41 percent in the
AEOQ2007 reference case, from 3,660 billion kilowatt-
hours in 2005 to 5,168 billion kilowatthours in 2030.
The largest increase is in the commercial sector
(Figure 53), as service industries continue to drive
growth. Electricity sales, which are strongly affected
by the rate of economic growth, are projected to grow
by 54 percent in the high growth case, to 5,654 billion
kilowatthours in 2030, but by only 28 percent in the
low growth case, to 4,682 billion kilowatthours in
2030.

By end-use sector, electricity demand in the reference
case is projected to grow by 39 percent from 2005 to
2030 in the residential sector, by 63 percent in the
commercial sector, and by 17 percent in the industrial
sector. Growth in population and disposable income is
expected to lead to increased demand for products,
services, and floorspace, with a corresponding in-
crease in demand for electricity for space heating and
cooling and to power the appliances and equipment
used by buildings and businesses. Population shifts to
warmer regions will also increase the need for cooling.

The growth in demand for electricity is expected to be
potentially offset by efficiency gains in both the resi-
dential and commercial sectors, and higher energy
prices are expected to encourage investment in en-
ergy-efficient equipment. In both sectors, continuing
efficiency gains are expected for electric heat pumps,
air conditioners, refrigerators, lighting, cooking ap-
pliances, and computer screens. In the industrial sec-
tor, increases in electricity sales are offset by rapid
growth in on-site generation.

Ceal-Fired Power Plants Provide
Largest Share of Electricity Supply

Figure 54. Electricity generation by fuel,
2005 and 2030 (billion kilowaitthours)
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Coal-fired power plants (including utilities, independ-
ent power producers, and end-use CHP) continue to
supply most of the Nation’s electricity through 2030
(Figure 54). In 2005, coal-fired plants accounted for
50 percent of generation and natural-gas-fired plants
for 19 percent. Most capacity additions over the next
10 years are natural-gas-fired plants, increasing the
natural gas shave to 22 percent and lowering the coal
share to 49 percent in 2015. Asg natural gas becomes
more expensive, however, more coal-fired plants are
built. In 2030, the generation shares for coal and nat-
ural gas are 57 percent and 16 percent, respectively.

Nuclear and renewable generation increase as new
plants are built, stimulated by Federal tax incentives
and rising fossil fuel prices. Nuclear generation also
increases modestly with improvements in plant per-
formance and expansion of existing facilities, but the
nuclear share of total generation falls from 19 percent
in 2005 to 15 percent in 2030. The generation share
from renewable capacity (about 9 percent of total
electricity supply in 2005) remains roughly constant
at about 9 percent.

Relative fuel costs, particularly for natural gas and
coal, affect both the utilization of existing capacity
and technology choices for new plants. Natural-gas-
fired plants are projected to provide 27 percent of to-
tal electricity supply in 2030 in the low price case but
only 11 percent in the high price case, while the pro-
jected share of total generation from coal-fired plants
is 45 percent in the low price case but increases to 61
percent in the high price case. Changes in environ-
mental policies would also affect the AEQ2007 projec-
tions for capacity additions.

82 Energy Information Administration / Aunual Energy OQutlook 2007
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Early Capacity Additions Use Natural
Gas, Coal Plants Are Added Later

Figure 55. Electricity generation capacity additions
by fuel type, including combined heat and power,
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In the reference case, 292 gigawatts of new generat-
ing capacity (including end-use CHP) is required by
2030 to meet growth in electricity demand and to re-
place inefficient, older generating plants that are re-
tired. Capacity decisions depend on the costs and
operating efficiencies of different options, fuel prices,
demand growth, and the availability of Federal tax
credits for investments in some technologies.

Coal-fired capacity, which typically is expensive to
build but has relatively low operating costs, accounts
for about 54 percent of the total capacity additions
from 2006 to 2030 (Figure 55). Natural-gas-fired
plants, which generally are the least expensive capac-
ity to build but have comparatively high fuel costs,
represent 36 percent of the projected additions. Re-
newable and nuclear plants, which have high invest-
ment costs and low operating costs, account for 6
percent and 4 percent of total additions, respectively.
Of the 12 gigawatts of new nuclear capacity expected
by 2030, 3 gigawatts is added after the EPACT2005
PTC expires in 2020.

Different fuel price paths or growth rates for electric-
ity demand can affect the quantity and mix of capac-
ity additions. In the low and high price cases,
variations in fuel prices have little impact on total ca-
pacity additions but do affect the mix of capacity
types. Because fuel cosis are a larger share of total ex-
penditures for new natural-gas-fired capacity, higher
fuel prices lead to more coal-fired additions. In the
economic growth cases, capacity additions range from
191 gigawatts in the low growth case to 398 gigawatis
in the high growth case, but with similar shares for
the different generating technologies in both cases.

Least Expensive Technology Options
Are Likely Choices for New Capacity

Figure 56. Levelized electricity costs for new plants,
2015 and 2030 (2005 mills per kilowatthour)
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Technology choices for new generating capacity are
made to minimize cost while meeting local and Fed-
eral emissions constraints. The choice of technology
for capacity additions is based on the least expensive
option available (Figure 58) [167]. The AEO2007 vef-
erence case assumes a capital recovery period of 20
years. In addition, the cost of capital is based on com-
petitive market rates, to account for the risks of siting
new units.

Capital costs decline over time (Table 16), at rates
that depend on the current stage of development for
each technology. For the newest technologies, capital
costs are initially adjusted upward to reflect the opti-
mism inherent in early estimates of project costs. As
project developers gain experience, the costs are as-
sumed to decline. The decline continues at a progres-
sively slower rate as more units are built. The
efficiency of new plants is also assumed to improve
through 2015, with heat rates for advanced combined
eycle and coal gasification units declining from 6,572
and 8,309 Btu per kilowatthour, respectively, in 2005
to 6,333 and 7,200 Btu per kilowatthour in 2015.

Table 16. Costs of producing electricity
from new plants, 2015 and 2030

2015 2030
Advanced Advcmoed
Advanced combined Advanced combined
~ Costs ecoal  eyele  coal  cycle

2005 mills per kilowatthour

Cabital 32. ()4 12.16 28.71 11,12
Fixed 4.89 1.44 4.89 1.44
Variable 14.82 37.97 16.49 41,17
Incremenial
{ransmission 3.72 3.67 364 3.49
Total 56.07 55.24 53.73 57.22

Energy Information Administration / Annual Energy Outlook 2007 83
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 6
RESPONSIBLE PERSON: Geoffrey M. Young
Request 6.

Reference Page 14 of your testimony. On Line 12 you make that statement that;
“Revenue requirements, electric rates and customers’ bills have ended up being higher
than they might have been if each utility company’s lowest cost strategy had been
implemented.” Is Mr. Young suggesting that EKPC has not employed the lowest cost
strategy for managing changes in base rates, in light of the fact that its last base rate case
increase occurred 23 years ago, in 19847 Please explain your response.

Response 6.

Yes. The conclusion I referred to above, to the effect that improved end-use
efficiency is much less expensive than expanding energy supply, has been well-known
for the past 30 years. If EKPC and its member coops had started implementing a strategy
30 years ago designed to help their ultimate customers obtain energy services at the
lowest total resource costs, their investment in energy-saving programs and technologies
would have been substantially higher and their investment in new generation plants
substantially lower. It is likely that demand growth during that period could have been
eliminated or transformed into a decrease. New coal-fired power plants would not be
under construction or in the planning stages today, with all the imminent and dramatic

impact on rates that they entail. EKPC would instead be thinking about the question of
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which of its old, dirty, coal-fired generating units should be retired first. Base rates
would be lower for all customers, and the average bill per customer would be
substantially lower. It is likely that the economic health of the areas served by the EKPC

system would be noticeably better than it is today.
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 7
RESPONSIBLE PERSON: Geoffrey M. Young
Request 7.

Beginning at line 23 on page 14, you say that: “When we look at EKPC’s
marketing programs and DSM programs together, the energy savings are zero. There is
some shifting of demand from peak load periods to off-peak periods.” Please identify
and provide copies of the studies or other evidence that support these assertions.
Response 7.

The documentation for this conclusion was provided in Attachment A of my
testimony. Adding up the numbers in the column labeled, “MWh saved in 2006 yields a
result very close to zero. Adding up the numbers in the column labeled, “demand
reduction in 2006, MW" yields a total of approximately 60 MW. Some of this reduction
in demand is a result of the Electric Thermal Storage (ETS) program for homes with
electric furnaces, although it is not possible to know how much because the data for this
program is combined with that of the ETS program that displaces propane. To the extent
that some of the 60 MW demand reduction is a result of the ETS electric furnace
program, it would be accurate to conclude that there has been “some shifting of demand

from peak load periods to off-peak periods.”
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 8
RESPONSIBLE PERSON: Geoffrey M. Young
Request 8.

On page 24, line 22, you refer to “legitimate DSM program costs.” Please
provide examples of “legitimate DSM program costs.” Is there also such a thing as
“illegitimate DSM program costs”? If so, please provide examples of “illegitimate DSM
program costs,” and please indicate how large a potential problem is posed by
“illegitimate DSM program costs”.

Response 8.

“Legitimate DSM program costs” are investments by EKPC and its member
coops that contribute to the goals of helping customers save energy or shift demand in a
cost-effective manner. Although I have not performed a detailed analysis of EKPC’s
existing DSM programs, I have no a priori reason to believe that its program costs for the
following programs are anything but legitimate: Geothermal Heating and Cooling, Air-
Source Heat Pump Retrofit, Tune-Up HVAC Maintenance, Button-Up Weatherization,
Compact Fluorescent Lighting, the Touchstone Energy Home programs, Dual-Fuel Air-
Source Heat Pump with Propane Retrofit, Commercial Efficient HVAC, and Industrial
Premium Motors. Although it may well be possible to expand the scope and improve the
effectiveness and cost-effectiveness of these programs, it would be difficult to make a

case that EKPC’s investments in these programs have been “illegitimate.”
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I think of “illegitimate” expenditures as representing either DSM programs that
are designed primarily to build load and are therefore more properly termed “marketing
programs,” or DSM programs that have been “gold-plated” by significant expenditures
on items that are wasteful or clearly excessive.

The magnitude of the problem of DSM expenditures on load-building or
marketing programs appears to be significant at EKPC at this time, unfortunately. 1
conclude that primarily because the load-building impact of the ETS programs has

approximately negated the energy-saving impacts of EKPC’s other DSM programs.
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 9
RESPONSIBLE PERSON: Geoffrey M. Young
Request 9.

On page 35, you propose that QF prices be set low for highly polluting generation
technologies and that they be set high (perhaps through net metering) for environmentally
sound generation technologies. On page 36, you define an “environmentally sound
generation technology” as “a generating technology that causes less environmental
damage per delivered kWh than EKPC’s existing fleet of generating units.”

Request 9a.

How do you define “highly polluting generation technologies™?
Response 9a.

Certain generation technologies are very likely to cause serious damage to human
health and the environment simply as a result of the fuel burned and the lack of pollution
control technologies used. Examples would be generating units burning coal or
petroleum without any pollution controls at all.

For purposes of this case, [ would define “highly polluting generation
technologies™ as technology/fuel combinations that cause significantly more
environmental damage than that caused by EKPC’s existing fleet of generating units per

delivered kWh.
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Request 9b.

Given that the environmental damage arising from each generating technology
depends upon that technology’s particular mix pollutants, wildlife impacts, and so forth,
how do you propose to measure the “environmental damage” due to each type of
generating technology?

Response 9b.

One possible way to standardize the impacts of various technology/fuel
combinations would be to estimate the additional number of human deaths that are likely
to occur prematurely as a result of the emission of certain pollutants into the atmosphere
of Kentucky. It is also possible to assign monetary values to the number of productive
employment years lost by people who would be exposed to the pollutants.

The attached article from the Electricity Journal contains data about the emissions
characteristics of certain distributed generation technologies. [Greene, Nathanael and
Roel Hammerschlag, “Small and Clean Is Beautiful: Exploring the Emissions of
Distributed Generation and Pollution Prevention Policies,” Electricity Journal, June
2000, pages 50-60. It would be possible for the Commission to develop an overall index
that combines the emissions of NOx, SOx, CO and PM-10 into a single index number. If
a proposed qualifying facility were to emit 30% less or 40% less pollution per kWh, as
measured by the combined index number, than EKPC’s average emissions per kWh, it
would be considered an “environmentally sound” technology and would become eligible

for the favorable terms included in the QF tariff.
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Small and Clean Is Beautiful:
Exploring the Emissions of
Distributed Generation and
Pollution Prevention Policies

Unless steps are taken now, the success of distributed
generation could prove to be its own worst enemy by
contributing significantly to urban smog and the
concentration of greenhouse gases.

Nathanael Greene and Roel Hammerschlag

any other appliance. In these
visions, distributed generators
become so common that they
either replace the current electric
grid altogether or enhance electric
reliability to near perfection.

The excitement has attracted

In the past few years, the propo-
nents of distributed generation
have made a growing number of
excited claims that small genera-
tors will revolutionize the electric-
ity generation sector and have an
enormous environmental payoff.
In these predictions, people usu-
ally cite wind, solar, fuel cells,

enough political attention to sup-
port the passage of net metering
laws in more than half the states;
launch interconnection regulatory
proceedings in California, New
York, and Texas; and convince the

microturbines, and occasjonally in
quieter tones, the existing installed
base of diesel generators.!
Proponents envision a future in
which distributed generators are Clinton administration to draft
as ubiquitous as boilers. Home- legislation calling for national
interconnection standards. The
$217 billion American market for

electricity? certainly provides a

owners and businesses would buy
these small generators and have
them installed just as they would

_—
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strong motivation for distributed
generation manufacturers to try to
make their product ubiquitous.
nfortunately, the family of
technologies that constitute
distributed generation has a decid-
edly mixed environmental profile.
Some technologies—such as wind
and solar—are without a doubt
very clean. Others—such as diesel
internal combustion engines
(ICEs)—are not. Furthermore, the
environmental performance of dis-
tributed generation is for the most
part unregulated. Federal emis-
sions regulations generally only
cover non-utility generators down
to approximately 1 MW in size.
Some state permitting requirements
affect smaller generators located in
non-attainment areas, but generally
regulations and enforcement of
emission limits for generators
below 1 MW are spotty at best.
Given the size of the electricity
market, the range in emissions,
and the lack of regulation in this
area, there is clearly the potential
for a literal thousand points of
light to become a thousand points
of soot. If just 0.5 percent of the
U.S. demand for electricity were
met by uncontrolled diesel
engines, the country’s annual
nitrogen oxide (NO,) emissions
could increase by nearly 5 per-
cent.? The impact would be even
starker if distributed generation
displaced only the new, clean com-
bined-cycle natural gas turbines.
Of course, this worst-case sce-
nario is hardly inevitable. The
market for distributed generation
faces many barriers, not the least
of which is the resistance of electric
distribution utilities to losing sales.

' Page 4 of 16 i

Furthermore, distributed genera-
tion will not be represented solely
by uncontrolled diesel engines, but
rather by a host of technologies,
many of which will include mea-
sures that can significantly miti-
gate their emissions.

Distributed generation has the
potential to reduce air pollution,
provide high-reliability electricity,
and reduce the cost of energy—but
only if states and the federal gov-
ernment adopt the right package

There is clearly the
potential for a
literal thousand
points of light to
become a thousand
points of soot.

policies. In this article, we present
a simplified comparison of com-
bined cycle turbines to uncon-
trolled distributed generation, to
highlight the need for environ-
mental regulations as part of this
package of policies. If the key play-
ers—the industry, environmental
community, end-users, and state
and federal regulators—work
together now, we can reap all the
promises distributed generation
has to offer.

I. The Technologies

We define distributed generation
as electric generation intentionally

located near a load that will use all
or most of the energy generated. A
homeowner meeting a portion of
his or her demand with a 2 kilo-
watt (kW) photovoltaic system is
using distributed generation, as is
a major energy company building
a 50 MW power plant exclusively
to serve an industrial park. How-
ever, because systems above
approximately 1 MW are regulated
at the federal level, a shift from
central generation to large distrib-
uted technology should be largely
environmentally neutral. Here we
are focused on smaller equipment
that has the potential to fly below
existing regulation and, in large
numbers, to produce substantial
environmental impacts.

Below 1 MW, the technologies
we are concerned with are photo-
voltaics, wind turbines, fuel cells,
biomass, microturbines, and ICEs
fueled by natural gas or diesel. Ail
of these technologies are either
available today or expected to be
available by 2003. Note also that
we are only addressing distributed
generation and not all distributed
resources, which would include
energy efficiency, by far the clean-
est and most cost-effective option
available.

hotovoltaics and wind tur-

bines are currently on the mar-
ket and used to generate electricity.
Since neither technology combusts
or reforms fossil fuels, they produce
no significant air emissions.

Fuel cells are actually a family of
technologies, each with a different
mode of operation, though all with
the same fundamental chemical
reactjon at their core. Fuel cells
technically need only hydrogen
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and oxygen to operate, but for the
foreseeable future, they will runon
the hydrogen provided in a hydro-
carbon carrier, such as methane.
The process for extracting the
hydrogen from the carrier, known
as reforming, generates air emis-
sions. One fuel cell model is cur-
rently on the market, and several
others are due to be released in one
to three years. Some of the designs
expected to become commercial
are similar to combined cycle tur-
bines in that they extract energy
from the fuel in two distinct stages.
These fuel cells are expected to
have higher efficiencies.
Biomass is a catchall term that
can refer to a range of fuels
and generators. At the scale with
which we are concerned, the term
usually refers to an ICE or micro-
turbine powered by gasified wood
or animal waste. However, funda-
mental research toward direct
combustion of wood or similar
solids is underway and may result
in distributed generation-scale bio-
mass boilers within the next
decade. If the fuel used for any of
these processes is a crop that was
specifically cultivated for energy
generation, then burning it creates
no net increase in carbon concen-
trations, though it can create other
air pollutants. In this article, we
have modeled biomass as either
fluidized-bed combustion of dry
wood or gasification of biomass
into methane and combustion in a
low-emission combustion engine.
Microturbines are scheduled to
enter the mainstream during the
next three years. Generally less
than 100 kW in size, these high-
speed, single-rotor turbines com-

bust natural gas and therefore gen-
erate air emissions.

Though internal combustion
engines can burn a wide variety
of fuels, we focus on two of the
most common types used for elec-
tric generation: diesel fuel
(compression—ignition) and natu-
ral gas (spark—ignition). The air
emissions are dramatically differ-
ent based on the type of fuel
burned. Also, some natural gas
engines are designed specifically

Some states requlate
small generators
more strictly, or

lower the threshold
for requiring new
source review.

with characteristics to reduce air
emissions, most notably a lean
fuel-air mixture; these are known
as “low emissions” engines.

II. Air Permitting Regulations

The Clean Air Act and resulting
regulations established perfor-
mance standards for various types
of generating technologies. These
standards use fuel input to deter-
mine the lower limits of the gener-
ators covered. Assuming 30 per-
cent conversion efficiency, these
standards cover steam generating
units and stationary gas turbines
down to about 1 MW?

The 1990 amendments to the
Clean Air Act created the New
Source Review requirement, which
requires Title V permitting of all
“major sources.” This designation
is given to any unit that emits more
than 10 tons per year of any hazard-
ous air pollutant, such as mercury,
or more than 100 tons per year of
any criteria air pollutant, such as
sulfur dioxide (5O,) or NO,. In non-
attainment areas, the limits for cri-
teria pollutants can be substantially
lower depending on the severity of
local pollution problems.®

In the one “extreme” ozone non-
attainment area in the United
States-Los Angeles-a generator
would have to go through new
source review if it had the poten-
tial to emit more than 10 tons per
year of NO, or volatile organic
compounds. In “severe” non-
attainment areas such as New York
City or Chicago, generators can
emit up to 25 tons per year before
coming under Title V. In these
areas, a 500 kW diesel or natural
gas engine emitting 20 Ibs/MWh
of NO, could run for nearly 60 per-
cent of a year before being desig-
nated a major source. In other
words, federal regulations do not
apply to any but the dirtiest small
generators running in the most
restricted areas.

Some states regulate small gener-
ators more strictly, or lower the
threshold for requiring new source
review. In practice in New York
City, engines are automatically
exempt from permitting if they are
smaller than about 150 kW.” Other
types of generators are exempt if
they use less than 10 mmBtu/hr
fuel. This is about the amount of
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fuel an 800 to 900 kW generator
would use, depending on its effi-
ciency. However, a requirement for
an air permit does not mean that
emissions will have to be con-
trolled. In New York, if a generator
is large enough to require a permit,
but not large enough to be gov-
erned by Title V, the generator may
have to monitor its emissions but
will not have to restrict them.

California has taken a different
approach in the Los Angeles area,
establishing lower size require-
ments for permitting, and emis-
sions restrictions for permitted
equipment. The South Coast Air
Quality Management District’s
(SCAQMD) rules require engines
as small as about 40 kW to limit
emissions of NO, to about 1.6 Ibs/
MWh?

Notwithstanding these efforts,
existing air regulations would not
prevent small generators from
developing into a substantial
source of air pollution. Whether
this happens depends entirely on
the policies put in place to encour-
age distributed generation and to
control its emissions.

III. Comparing Distributed
and Central Generation

In our comparison of electric
generation technologies we
selected pollutants from three cat-
egories: those that have local,
regional, and global impacts. The
local impact pollutants are partic-
ulate matter smaller than 10
microns (PM-10), CO, and NQO,.
These pollutants all exacerbate
pulmonary conditions like
asthma. CO is poisonous to

humans at high concentrations.
PM-10 and NO, both play a role in
smog formation. Regional impact
pollutants include NO, and SO,.
NO, contributes to nitrogen load-
ing in water bodies. SO, and NO,
both contribute to acid rain,
which destroys ecosystems and
accelerates the corrosion of
buildings and monuments.’ The
global impact pollutant is carbon
dioxide (CQ,), which causes cli-

mate change.

Generally, the best-case
emissions claims are
manufacturers’
published claims and

the worst case is
field test data.

We have compared emissions on
an output basis, in pounds of pol-
lutant per MWh generated. For
this reason, the efficiency of each
technology—the ratio of electric
energy output to fuel energy
output—is a critical factor. For any
one type of generator burning a sin-
gle type of fuel, greater efficiency
means less fuel consumption and
generally less pollution for a given
amount of electricity. Less fuel con-
sumption also translates directly
into low CO, emissions.

We also separately present the
emissions of combined cycle tur-
bines augmented by 10 percent to
account for line losses. Due to line
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losses, 1 kW of distributed genera-
tion displaces more than 1 kW of
central generation. Ten percent is
higher than average system line
losses but often less than marginal
line losses. We use the figure here as
a rough estimate of one guaranteed
benefit of distributed generation.
Table 1 provides an overview of

the cost, efficiency, and emissions
characteristics of the major distrib-
uted generation technologies.
Where possible, we present a
range from the best case to worst
case. Generally, the best-case emis-
sions are manufacturers’ pub-
lished claims and the worst case is
field test data. The manufacturers’
claims are usually based on new
equipment running under ideal
conditions. In fact, some claims are
based on forecast improvements
due to advanced technology. Many
of the lowest emission levels are
only anticipated to be achievable
by 2003 and are not currently
available on any commercial
model. Indeed, many of these low
emission rates will probably not
develop absent regulations man-
dating a market for cleaner
machines. For microturbines and
fuel cells, we do not have field data
and so rely only on manufacturers’
claims. Experience has shown that
real-world operating conditions
result in higher emissions and
lower efficiency. Thus, while all of
the technologies will get cleaner
over time, the ranges for microtur-
bines and fuel cells are probably
less predictive of actual perfor-
mance in the next few years.

he Energy Information Admin-

istration forecasts that the
demand for electricity in the
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United States is going to continue
to expand during the next 20
years.!® This increasing demand,
coupled with the closure of aging
power plants, ensures that plenty
of new capacity will be built in the
upcoming decades. If distributed
generation does not step in and fill
this demand, then more central
generation will fill it instead. The
most common prime mover for
new central generation plants will
undoubtedly be the combined-
cycle natural gas turbine, whose
popularity has been increasing
exponentially over the last 20
years.!! Thus, the last row of Table
1 presents this technology as the
reference case.?

The emissions from the distrib-

uted generation technologies are
presented as uncontrolled, reflect-
ing the current lack of regulations
for generators of this size. Deci-
sions about these technologies will
be made purely on economics, and
thus few if any tailpipe controls
should be expected. The combined-
cycle turbine emissions listed in
Table 1 are controlled emissions
because all new central generation
plants are regulated.® Again, the
range of emissions presented here
represents the difference between
manufacturers’ claims and field
test data.
I_c:oking at each pollutant, we
can create three categories of
environmental performance for

distributed generators: (1) much

»
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better than a combined cycle gas
turbine, (2) about the same, and (3)
much worse. The results of this
comparison appear in Figure 1.
The three categories are calculated
from Table 1 by looking for any
overlap between the emissions
ranges for each distributed tech-
nology with the ranges presented
for combined cycle turbines plus
10 percent line loss. While this
will not measure the absolute
environmental impact of various
technologies, it will separate the
technologies that will undoubt-
edly improve the environment
from those that will have a neutral
or negative impact.

Looking across the range of tech-

nologies and pollutants, the clear

Table 1: Distributed Generation Emissions Data for Uncontrolled Electric Generators Sized under 1 MW?

Efficiency Emissions in Ib/MWh®
Specific Cost % At

Device Type Fuel $/kwe HHV? Co, NO? S0, co® PM-10
ICE® Diesel 300-1,000 33-42 1,300-1,700 1041 0.4-3 0.4-9 0.4-3
ICE, stoic® NG 300-1,000 33-42 950-1,200 18-53 negl. 1-6 ~0.6
ICE, LE? NG 500-1,200 3541 980-1,100 0.3-6.0 negl. 2-9 ~0.6
Microturbine NG 650-850 22-30 1,300-1,800 0.2-1.4 negl. 0.3-1.8 >0.03
Fuel celt H from NG 3,000-4,000 29-50 800--1,400 <0.05 0 0.01-0.12 negl.
Biomass" Gas/wood thd 30-41 0-2,300' 0.3-6.0 <0.3 2-9 0.6-4
Photovoltaic Sunlight 5,000-12,000 n/a 0 0 0 0 0
Wind Wind 850-3,500 n/a 0 0 0 0 0
New CC Turbine! NG 500-870 48-57 700-830 0.11-0.9 negl. 0.05-1.0 0.03-0.3

with 10% line loss 770-920 0.13-1.0 negl. 0.05~1.1 0.03-0.3

sented for both these poliutants.

ppm for nonroad fuel.

9ICE, internal combustion engine; LE, tuned for low ernissions; Stoic, stoichiometric, which is the standard tuning.
" Biomass ranges are equal to those for a LE ICE extended as appropriate to include emission levels from fluidized-bed combustion of dry wood.
'8 is the theoretical mirimum when accounting for fully renewable biomass.
i Central generation reference condition. >100 MW new combined-cycle natural gas turbine with at least steam-injection NO, control.

2Data are limited to products currently on the market or expected to be on the market by Jan. 1, 2003; wood-burning biomass may be an exception.
® All values are rounded to one or two significant figures.

¢ Cost of distributed generation equipment does not include emissions controls.
9 Percent efficiency, measured with respect to the fuel's higher heating value.

¢ Combustion can often be tuned fer either fow NO, or fow CO emissions, thus it is unlikely that uncontrolied combustien equipment will achieve the low end of the ranges pre-

! Sulfur is present in natural gas at 0.0006 percent, but is assumed to be 0 for fue! cells due to filtering. Sulfur in diesel is assumed to range from 500 ppm for road fuel to 3000
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Photovoltaic
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Microturbine
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ICE, NG (LE)
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ICE, Diesel
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combined cycle gas turbine.

. Much worse than a D About equal to a
combined cycle gas turbine.

Much better than a
combined cycle gas turbine.

Figure 1: Comparison of Uncontrolled Distributed Generation Emissions Relative to

Combined Cycle Turbines

superiority of photovoltaics and
wind is easy to see. Conversely, the
poor environmental performance
of the uncontrolled ICEs is also
obvious. While microturbines have
been touted as a new and cleaner
technology, they are similar to a
minjaturized simple-cycle turbine,
so it should be no surprise that
their emissions are not an
improvement over full-scale com-
bined-cycle turbines.
Biomass and fuel cells fall into
an interesting middle group-
ing, though for different reasons.
Fuel cells are generally much
cleaner than combined cycle plants
with the notable exception of CO,.
Given the seriousness of global
warming, a fuel cell’s emissions of
CO, must not be overlooked. Con-
versely, biomass has the potential
to have zero CO, emissions, but on
a distributed generation scale is
likely to have substantially higher
emissions of most other pollut-
ants. In other words, how one

views these two technologies
depends on whether one is more
concerned by climate change or by
local and regional impacts.

IV. Why D858 0
Generation Can Have

a Large Environmental
Impact

A. Efficiency of Scale

Larger versions of any particu-
lar type of generator tend fo be
more efficient at turning fuel into
electricity. As explained earlier,
the less fuel a technology has to
burn to produce a kilowatt-hour
of electricity, the less pollution it
will produce.

Figure 2 presents the relation-

ship between efficiency and
size for a range of fossil fuel tech-
nologies. Efficiency of scale is a
factor for nearly every technol-
ogy available.”® Indeed, the effi-
ciencies tend to ramp down espe-
cially steeply at the smallest
available sizes.

70%
60% CCGT |
MCFC p
50% =
PEMFC
CT
40% ~ =
)
-
8
£ 30% -
ut Diesel
20% - L.
10% — Steam Turbine -
0% T T T T T
10 100 1,000 10,000 100,000 1,000,000
Scale (kW)

H Combined Cycle Gas Turbine (CCGT) D Molten Carbon Fuel Cell (MCFC)

Combustion Turbine (CT) B

[0 oieset Engine

Northeast-Midwest Institute (1999)

Proton Exchange Membrane Fuel Cell (PEMFC)
Steam Turbine

Figure 2: Efficiency versus Size for Seven Technologies
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B. Central Generation Plants
Have Superior Regulation and
Maintenance

The larger scale of central gener-
ation boasts several more environ-
mental advantages besides the
pure generating efficiency. First,
since these larger plants are regu-
lated, federal law requires that
they monitor their emissions and
meet certain emissions require-
ments on an ongoing basis. Sec-
ond, fitting plants with best avail-
able control technology can be
financially feasible on a large scale,
but not on a small scale. Third, and
perhaps most important, a large
central generating plant will be

constantly staffed by maintenance
workers monitoring the plant’s
efficiency and emissions control
equipment.

C. Proximity of Local Pollutants

Proximity to load, one of dis-
tributed generation’s most
advantageous features, can also
work against it. Whether the load
is home appliances or commer-
cial air conditioning, the load is
likely to be close to people, and
thus the generator and its emis-
sions are likely to be at ground
level or on rooftops. This is in
stark contrast to central genera-
tion plants that are generally
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located away from densely popu-
lated areas and emit their exhaust
through tall stacks. Thus, pollu-
tion from the two sources is not
created equal.

V. Mitigating Environmental
Impact

Though many distributed gener-
ation technologies are environmen-
tally harmful if uncontrolled, a
number of measures exist to miti-
gate the impacts. Policymakers
should encourage these measures
wherever possible, and especially
in states that are actively encourag-
ing distributed generation. As
states adopt streamlined intercon-
nection procedures, they should tai-
lor system benefits charge funds,
tax incentives, and net metering
laws to favor installations that take
advantage of these measures. Some
states have already started down
this path. Distribution utilities also
have an important role to play in
ensuring that distributed genera-
tion goes where it can do the most
good in both economic and envi-
ronmental terms.!®

A. Favor the Cleanest
Technologies

Photovoltaics and wind tur-
bines have no air emissions and,
when properly sited, minimal
environmental impact. These two
technologies should always be
favored. Fuel cells also deserve
support, though as long as they
rely on fossil fuel they will not be
pollution-free. Still, they provide
substantial local and regional
environmental benefits over cen-

Proximity to load can also work against it.

tral generation.
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B. Take Advantage of
Combined Heat and Power

Because distributed generation is
by definition co-located with its
load, many distributed generation
applications are excellent candi-
dates for combined heat and
power (CHP) applications. By tak-
ing advantage of the heat that
would otherwise be wasted, CHP
generation improves the efficiency
of installations and thus reduces
the emission rates. Furthermore,
CHP applications should be cred-
ited with displacing the emissions
that would have otherwise
occurred due to the traditional
source of heat.

Combined heat and power could
greatly mitigate the environmental
impacts of fuel cells, biomass,
microturbines, and ICEs, all of
which generate waste heat when
they convert their fuel to electric-
ity. Efficiencies from CHP systems
can easily reach 60 percent, and
with good design can be as high as
80 to 90 percent. This can mean a
reduction in emission rates of
between 35 and 50 percent. For
example, all of the fuel cells cur-
rently installed in New York take
advantage of at least some of the
system’s heat, thus reducing
average CO, emissions rates from
1,075 to 660 Ib/MWh." Indeed,
to date most commercial installa-
tions of fuel cells have been CHP
applications. Given the high ini-
tial cost of fuel cells, making use
of CHP can improve their overall
economics.

From an environmental per-
spective, combined heat and

power applications should be

encouraged for all generation tech-

Ricne e i

nologies including central genera-
tion, which can be collocated with
major commercial or industrial
centers. In fact, CHP can provide
greater environmental benefits at
large-scale facilities, which are
more likely to be highly efficient
and well maintained than a small
distributed generation installa-
tion. As with heating, ventilating,
and air conditioning systems,
quality of installation is of special

concern: Poor sizing and installa-
tion of traditional heating, ventila-
tion, and air conditioning equip-
ment can be responsible for over
25 percent loss in efficiency in
commercial and residential build-
ings.'® Nevertheless, the benefits of
CHP make these challenges well
worth tackling."

C. Use Catalysts or Other Post-
Combustion Controls

Table 1 cites uncontrolled emis-
sions. The emission rates of CO and
NO, from ICEs and microturbines
can easily be reduced by 80 to 98
percent with the addition of a
tailpipe catalyst.? Particulate con-

i
|

EKPC Request 9

trols are available as well. Small-

1 scale catalyst technology is very
mature, thanks to its use in the auto-

mobile industry. However, the issue
of maintenance is again important:
How can we ensure that a failing
catalyst is detected and replaced by
the distributed generation user? In
its lifetime, a car would operate
between 5,000 and 7,000 hours; a
generator operating at 80 percent
capacity factor would operate for
more hours in a single year.

D. Favor Installations Where
Line Loss Would Be High

The one benefit that all distrib-
uted generation provides is
avoided line losses. Depending on
the size, grid loading, and distance
between load and generator, line
losses can vary from just a few per-
cent up to 20 or 30 percent. Average
line losses vary from 5 to 10 per-
cent. However, distributed genera-
tion will tend to displace marginal
line losses, which can reach 20 to 30
percent. This means that each kWh
produced by a distributed genera-
tor displaces anywhere from 1.05 to
1.3 kWh of central generation and
hence, that much more air pollution
that the central generator would
have produced.

Greater line losses will be

avoided in areas where
power has to travel long distances
and in crowded areas where trans-
mission and distribution lines are
likely to be heavily loaded. Load
pockets, which are defined by lim-
ited transmission capacity, are
likely to be areas of high line loss.
Fortunately, the economics of load
pockets are also likely to encour-
age distributed generation.
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VI. Where Do We Go
from Here?

Consumers who install distrib-
uted generators will do so prima-
rily to increase the reliability of
their electric service and reduce
the cost of electricity. While con-
sumers who are concerned about
environmental impacts will help
develop the market for cleaner
technologies, this does not obviate
the need for an air pollution pre-
vention program targeted at dis-
tributed generation. Absent
accompanying environmental
standards, policies designed to
promote distributed generation
will end up promoting the
cheaper, dirtier technologies and
thus create a serious environmen-
tal problem.

A comprehensive distributed
generation policy needs to not
only open the markets to new tech-
nologies but also address the envi-

ronmental performance of all tech-
nologies in the marketplace. It also
needs to encourage proper sizing
and installation, and it needs to
ensure that emissions control sys-
tems are maintained. This suggests
a triad of pollution prevention pol-
icies: a performance standard,
building energy code modifica-
tions, and an inspection and main-
tenance program.

A. Performance Standards

Distributed generators will
become as common as boilers and
home heating systems only if these
technologies are easy to purchase
and connect. If this happens, per-
mitting on a unit-by-unit basis will
become too time-consuming and
expensive. Instead, we should fol-
low the model of the natural gas
hot water heater requirements of
California’s SCAQMD. Under
these rules, manufacturers must
have each model type tested by an

.,
w/\.\\?\w

The certification status must be displayed on the nameplate.
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independent lab and certified to
meet specified emissions levels.
The certification status must be
displayed on the nameplate, and
the model must be re-certified
every three years.”!

The first step in enabling perfor-
mance standards is to develop a
testing and labeling procedure. By
themselves, labels will make it eas-
ier for consumers and their con-
tractors to include environmental
performance in their purchase
decisions. Labels could also be the
basis for state measures encourag-
ing many of the previously
described mitigating measures.
The success of the Department of
Energy /Federal Trade Commis-
sion appliance-labeling program
offers an encouraging example.
Regulators would do well to

initiate a collaborative effort
among industry, environmental
groups, and consumers to address
the technical and policy issues
regarding performance standards
and testing and labeling require-
ments. Existing organizations may
be useful starting points for such
an effort. In California, the Califor-
nia Alliance for Distributed Energy
Resources (CADER) has already
brought together manufacturers,
environmentalists, and regulators
to explore issues related to distrib-
uted generation. The New Jersey
Corporation for Advanced Tech-
nologies (NJCAT) is a six-year-old
public/ private partnership devel-
oping independent validation and
verification programs. NJCAT has
recently joined efforts with Canada
and the California Environmental
Protection Agency to develop a
verification process for Ballard’s
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environmental claims related to its
new stationary fuel cell. The Dis-
tributed Power Coalition of Amer-
ica could also play a crucial role as
the industry association.

There are significant challenges,
of course. For instance, emission
rates and efficiency will vary with
load cycle. Thus a unit run prima-
rily at steady state will generally
have lower emissions than the
same type run through transient
cycles. Similarly, making use of the
combined heat and power of a tech-
nology will lower the emissions,
but different applications can make
more or less use of this. Emissions
regulations should always be based
on output (e.g., Ibs./MWh) to
encourage efficiency.

B. Building Energy Codes

Given that so much of the actual
in-c;peration efficiency, and thus
emissions levels, from a distrib-
uted generator will be determined
by how well it is sized and
installed, decision makers cannot
afford to ignore these practices.
Building energy codes offer an
ideal framework for guidelines.
Already, these codes cover every-
thing from the size of heating and
cooling systems to the type of win-
dows in a building. They also
require testing of systems after
installation to ensure performance
is at a specified level. And, the
codes are already separately tai-
lored for commercial and residen-
tial buildings. Simply extending
codes to cover the energy use of
distributed generation is not
enough; for the reasons presented
earlier, codes should also be
designed to encourage CHP appli-

cations. Updating energy codes to
cover distributed generation and
encourage CHP should be a top
priority for all states.

C. Inspection and Maintenance

Studies indicate that a dramati-
cally disproportionate amount of
automobile pollution comes from
vehicles with engine problems
and/ or tailpipe control failures.
Thus the Clean Air Act mandated

inspection and maintenance pro-
grams, and some non-attainment
areas have started enhanced
inspection and maintenance pro-
grams. Malfunctioning distrib-
uted generators have the same
potential to deliver disproportion-
ate impacts.

Of course, an inspection and
maintenance program that
requires visits to people’s base-
ments on any sort of regular basis
would be very expensive and cum-
bersome. The ideal solution will
probably entail requiring a regular
manufacturer service check-up
combined with random inspec-
tions by state officials. States and

EKPC Reguest 9 _

particularly non-attainment areas
could require that manufacturers
include a service contract with
each unit that includes biannual
testing of the system’s emissions
and maintenance of all emissions
control devices.
Avances in automated moni-
toring and telecommunica-
tions technology also allow remote
monitoring of the operation and
performance of emissions control
equipment. Indeed, most currently
installed fuel cells and microtur-
bines are remotely monitored by
their manufacturers. This type of
solution could vastly decrease the
expense of an inspection and
maintenance program.

VII. Conclusion

Distributed generation technolo-
gies range from very clean to very
dirty. They have the potential to
play an important role in reducing
air pollution and climate change,
but they also have the potential to
add significantly to urban smog
and the concentration of green-
house gases. Unless steps are taken
now, the success of distributed
generation will be its own worst
enemy. By starting with certifica-
tion labels and state-based mitigat-
ing measures and building into a
comprehensive federal policy to
control the emissions of distrib-
uted generation, this fledgling
industry can grow into a vibrant
part of a more sustainable future.
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ADMINISTRATION, ANNUAL ENERGY OuT-
Look 2000, Table 1 at 7.

11. Twenty-three percent of new genera-
tion over the last five years has been
from natural-gas combined-cycle tur-
bines. This is up sharply from 8 percent
in the five years before that and just 0.3
percent before that (Energy Information
Administration, EIA Form 860 data file,
www.eia.doe.gov/ cneaf/ electricity /
page/eia860.html accessed, May 26,
2000). The near-60-percent efficiency of
these devices promises to keep this
number increasing for some time.

12. We recognize that this is a worst-case
scenario. There will be specific cases where
a distributed generator is being used to
displace existing base load; in much of the
country this means displacing coal genera-
tion. Furthermore, if distributed genera-
tors are operating as peakers, they could
be displacing uncontrolled single-cycle
turbines or even dirtier plants. A full anal-
ysis of what a given distributed generator

will displace would require looking at the
load cycle of the distributed generator and
what is on the margin for each hour the
generator will be running, and the local,
state, and federal regulations controlling
emissions in the region.

13. Of course, there is variation within
this type of technology. In non-attainment
areas, emissions will be closer to the
lower end of the ranges. For instance,
lowest achievable emission rate (LAER)
standards in non-attainment areas would
necessitate selective catalytic reduction
(SCR) controls for NO, emissions. In

other areas, combined cycle plants will
not be as efficient or as clean. The EPA
acid rain database indicates that average
emission rates from existing combined
cycle plants with SCR are about 0.20 Ibs/
MWh, Federal regulations ensure that for
new plants, this range is bounded.

14. Indeed, biomass can have an effec-
tively negative carbon impact if the
source of fuel would have otherwise
been converted into uncaptured meth-
ane. Generally, the analysis of biomass
requires more attention to its life cycle
impact than this article can allow. The
impact on recycling, fertilizer usage, and
soil erosion should all be considered.

15. For a long time, the electric industry
was characterized by the increasing econ-
omies of scale of boilers and steam tur-
bines. Larger power plants were more
efficient and therefore cheaper to run.

With the advent of the combustion tur-
bine generator, this rule was broken. Sud-
denly, natural gas plants could be as
small as a few tens of megawatts and be
more efficient than a 1,000 MW coal plant.
What's more, combustion turbines have a
relatively flat efficiency curve, meaning
that while larger combustion turbines are
more efficient than small ones, the differ-
ence is not as dramatic as with steam tur-
bines. However, the higher and flatter
efficiency curve of combustion turbines
drops off well above the 1 MW size limit
that we have chosen for this discussion.

16. Distributed generation can reduce the
cost of transmission and distribution.
However, the vast majority of utilities are
currently regulated in such a way that
decreased sales translates into decreased
cost. Therefore they are hostile to any
form of distributed resource that reduces
throughput. As part of encouraging miti-
gating measures, states should shift from
price cap regulation to revenue caps.

17. New York State Energy Research and
Development Authority, 200 kW Fuel Cell
Monitoring and Evaluation Program
(Final Report 97-3) 1997. Also note that
in this instance MWh are being used as

a measure of all energy—both heat and
electrical—captured from the system.

18. See Woody Delp et al., Field Investiga-
tion of Duct System Performance in Califor-
nin Light Commercial Buildings, ASHRAE
Transactions 1998, Vol. 104, Part 2; and
D. Jump, I. Walker, and M.P. Modera,
Field Measurements of Efficiency and Duct
Retrofit Effectiveness in Residential Forced
Air Distribution Systems, Proceedings,
American Council for an Energy-
Efficient Economy, Summer Study, 1996.

19. The U.S. Department of Energy’s
Energy Star CHP challenge program
provides an excellent basis for state pro-
grams designed to encourage CHP.

20. Manufacturers of Emission Controls
Association, Emission Control Technology
for Stationary Internal Combustion Engines,
July 1997.

21. South Coast Air Quality Manage-
ment District Rule Book, section 1121.
Manufacturers can also opt out of the
certification process by paying a fee
which is used to buy NO, reductions
elsewhere in the SCAQMD.

60  © 2000, Elsevier Science Inc., 1040-6190/00/$~see front matter PII $1040-6190(00)00118-4
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Request 9c.

Suppose that EKPC’s existing fleet of generating units causes 10.00 units of
environmental damage per delivered kWh. Would “environmentally sound generation
technologies” include all technologies that cause 9.99 units or less of environmental
damage per delivered kWh? Would “highly polluting generation technologies” include
all technologies that cause 10.01 units or more of environmental damage per delivered
kWh? Please explain your answers.

Response 9c.

As suggested in response 9b above, I would propose that in order to be given
favorable rate treatment under the QF tariff, a given generating technology should
outperform the EKPC average emissions/kWh by a substantial margin, for example, by
being 30% or 40% lower. This would prevent a QF from being financially rewarded
despite the fact that its operation would not provide any noticeable environmental benefit
to the public.

Request 9d.

What is the legal basis for your proposed price discrimination among QF
technologies? How is your proposal consistent with the Kentucky statutory requirement,
cited by you at page 27, lines 21-22, that QF rates shall be “nondiscriminatory”?
Response 9d.

There are many examples from all over the United States of state legislatures and
public utility commissions enacting preferential laws, orders and policies to promote the
growth of certain technologies for environmental reasons. One relevant example is the

net metering statute, KRS 278.465 to 278.468, enacted by the Kentucky General
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Assembly in 2004. The advantageous net metering treatment was reserved for generation
technologies that use solar energy.

Other states have established generous avoided cost numbers and correspondingly
high payments to qualifying facilities (QFs) that use relatively nonpolluting generation
technologies.

The web site, www.dsireusa.org, provides state-by-state information about a
range of incentives, policies, tariffs, and statutes that states use to encourage energy
efficiency and clean renewable energy generation. By way of illustration, a copy of a
small subset of that information is provided in response to the PSC Staff’s information
request 15a. These pages describe incentives and policies enacted by Maryland,
Missouri, North Carolina, Oregon, and New York. Many states encourage small-scale
renewable energy generation by applying net metering terms to technologies such as
photovoltaics, wind power, solar water heating, solar thermal electricity, biomass,
anaerobic digestion of animal wastes on farms, landfill gas, small-scale hydroelectric
power, and biomass.

In general, the idea that a state would enact favorable policies to encourage
renewable energy sources has become well-established in this country.

The issue of “non-discrimination” can be looked at in two different ways. One
could claim that the word “nondiscriminatory” means that the Commission may never
take account of any differences in the environmental impacts caused by various
generating technologies, and that all resource decisions must be made solely on the basis
of the lowest electric rate per delivered kWh. This approach, however, ignores the fact

that environmental pollution has real, measurable economic impacts on customers, the


http://www.dsireusa.org
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public, and the environment. To claim that the Commission may not legally consider the
different environmental impacts caused by various technologies is to mandate, in effect,
that a value of zero be assigned to these environmental impacts.

The phrase that immediately precedes the word “nondiscriminatory” in 807 KAR
5:054, Section (7) is “in the public interest.” To require the Commission to ignore the
environmental and economic impacts of pollution is to contradict the requirement to set
rates that are in the public interest. I would conclude that the word nondiscriminatory”
cannot mean that relative environmental impacts must be ignored.

The other way to think about the meaning of the word “nondiscriminatory” would
be to work toward a set of rates that correspond to the degree that each generating
technology protects and furthers the public interest. One would conclude that the best
way to achieve nondiscrimination among competing technologies would be to take
account of the “external™ costs that each technology imposes on the general public.
Highly-polluting technologies that impose large external costs on the public would
receive proportionally lower rates than nonpolluting technologies such as solar energy,
wind power, and improved energy efficiency. Please refer to the rates contained in my
proposed tariff for qualifying facilities submitted in response to the PSC Staff’s
information request 15. These rates embody the principle of nondiscrimination because
they provide low economic rewards to technologies that impose large external costs on

society, and higher rewards to cleaner, less-polluting technologies.
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25,2007
REQUEST 10
RESPONSIBLE PERSON: Geoffrey M. Young
Request 10.

Please provide studies that present quantitative evidence in support of your
statement, on page 38, lines 8-12, that the “economic benefits that accrue to the electrical
system when small-scale, distributed generation is added to the grid... almost always far
outweigh the additional utility costs that have been emphasized by the utility personnel
who presented testimony in Administrative Case No. 2006-00045.” The evidence should
identify particular technologies and include detailed quantitative information on their
operating characteristics, costs, and benefits. (Please note that your Attachment D
includes no quantitative information, and that many of the 2007 benefits are duplicates or
variants of one another; so Attachment D is not sufficient to verify the statement quoted
above.)

Response 10.

The following 17 pages are copied from the text of the book, Small Is Profitable:
The Hidden Economic Benefits of Making Electrical Resources the Right Size, pages 117-
133. There should be sufficient quantitative information in these pages about the costs,
operating characteristics, and benefits of large-scale and small-scale resources to enable

the reader to evaluate whether at least some of the conclusions listed in Attachment D are
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plausible. I highly recommend the book to utility planning personnel and regulators

interested in minimizing the long-term total costs of providing energy services.
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Part Two: BENEFITS OF DISTRIBUTED RESOURCES

lead time, and will be even greater to the
extent that large resources also take longer
to build.

Chapman and Ward ({115) correctly note that
power planning takes place within “three
separate planning horizons and processes”’
that are “interdependent but separable, in
the sense that they be considered one at a
time in an iterative process, with earlier
analysis in one informing the others.”
These three timescales, conceptually some-
what related to the scales of fluctuation
described in Section 2.2.1 above, could be
restated as:

o the short-term operational scale of keeping
the grid stable, supply and deliverability
robust, and the lights on, ranging from
real-time dispatch to annual mainte-
nance scheduling;

o the medium-term planning scale of
keeping supply and demand in balance
over the years through a flexible strategy
of resource acquisition, conversion,
movemertt, trading, renovation, and
retirement; and

e the long-term visionary scale of ensuring
over decades that the mix, scale, and
management of energy systems are
avoiding fundamental strategic errors;
opening new options through farsighted
RD&D and education; fostering a
healthy evolutionary direction for insti-
tutional, market, and cultural structures,
patterns, and rules; and sustaining fore-
sight capabilities that will support grace-
ful adaptation to and leadership in the
unfolding future.

All three timescales are vital. So is not mix-
ing them up. And so is seeking opportuni-
ties to serve synergistically the goals of
more than one at a time, rather than creat-
ing tradeoffs between them. We therefore

Smallfs Profitable The Kidden Fesnomic Benefits of Making Electical Resourees the Right Siie

turn now to ways to value some specific
attributes—modularity, modest scale, and
short lead planning and installation times—
of distributed resources that also happen to
offer advantages on all three timescales and
levels of responsibility.

2.2.2 Valuing modularity
and short lead times

To reduce the financial risks of long-lead-
time centralized resources, it is logistically
feasible (§ 1.5.7) to add modular, short-lead-
time distributed resources that add up to
significant new capacity. But can those
smaller resources create important economic
benefits by virtue of being faster to plan and
build? Comunon sense says yes, and sug-
gests three main kinds of benefits: reducing
the forecasting risk caused by the unavoidable
uncertainty of future demand; reducing the
financial risk caused directly by larger instal-
lations’ longer construction periods; and
reducing the risk of technological or regulatory
obsolescence. Let us consider these in turn.

2.2.2.1 Forecasting risk

Nearly twenty years ago, M.E. Cantley noted
that “The greater time lags required in plan-
ning [and building] giant power plants
mean that forecasts [of demand for them]
have to be made further ahead, with corre-
spondingly greater uncertainty; therefore the
level of spare capacity to be installed to
achieve a specified level of security of sup-

"y

ply must also increase.” {30} Longer lead
time actually incurs a double penalty: it
increases the uncertainty of demand fore-
casts by having to look further ahead, and it

increases the penalty per unit of uncertainty

* They add that “Additional (four
or more} horizons might be use-

fully explored. but fewer than
three will cause difficulties

17
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4 Shorter lead time further reduces forecasting errors and associated financial risks by reducing errors” amplification
with the passage of time.

5 Even if short-lead-time units have lower thermal efficiency, their lower capital and interest costs can often offset the
excess carrying charges on idle centralized capacity whose better thermal efficiency is more than offset by high
capital cost.

6 Smaller, faster modules can be built on a “pay-as-you-go” basis with less financial strain, reducing the builder’s
financial risk and hence cost of capital.

7 Centralized capacity additions overshoot demand (absent gross underforecasting or exactly predictable step-function
increments of demand) because their inherent “lumpiness” leaves substantial increments of capacity idle until
demand can “grow into it.” In contrast, smaller units can more exactly match gradual changes in demand without
building unnecessary slack capacity (“build-as-you-need”), so their capacity additions are employed incrementally
and immediately.

8 Smaller, more modular capacity not only ties up less idle capital (#7), but also does so for a shorter time (because the
demand can “grow into” the added capacity sooner), thus reducing the cost of capital per unit of revenue.

9 If distributed resources are becoming cheaper with time, as most are, their small units and short lead times permit
those cost reductions to be almost fully captured. This is the inverse of #8: revenue increases there, and cost
reductions here, are captured incrementally and immediately by following the demand or cost curves nearly exactly.

10 Using short-lead-time plants reduces the risk of a “death spiral” of rising tariffs and stagnating demand.

by making potential forecasting errors larger
and more consequential. As Business Week
putitin 1980 -, “Utilities are becoming
wary of projects with long lead times; by the
time the plant is finished, demand could be
much lower than expected. If you're wrong
with a big one, you're really wrong....
Uncertainty over demand is the main reason
for the appeal of small plants.”

This forecasting risk became painfully evi-
dent in the 1970s, when the power industry
consistently overestimated demand growth
while lead times for large new generating
plants became longer and more uncertain,
the cost of capital soared, and utilities used
planning models “biased toward large

plants.” The interaction of these four factors

created “an increased likelihood of excess
capacity, unrecoverable costs and invest-
ment risk” .~ that bankrupted a few utili-
ties and severely strained scores more. The
industry therefore learned the hard way
that minimizing risk “will tend to favor
smaller scale projects, with shorter lead
times and less exposure to economic and

financial risks.” Specifically

e Anautumn 1978 Energy Daily review
of data collected by the Edison

Electric Institute in autumn 1978
showed that only once in the previous
11 years had the industry underpredict-
ed the following year’s total noncoinci-
dent peak demand, and then only by 0.1
percentage point. Rather, the forecasts
averaged 2.1 percentage points too high
during 1968-73 and 5.1 percentage

Smallfs Profitable The Hicden Economic Benelis of Haking Hectrical Resourees the Right Size
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points too high after 1974. Indeed, dur-
ing 1974-79, the average forecast error
exceeded the average annual growth
rate, and during 1975-78 the error aver-
aged 2.5 times the actual growth—Ilead-
ing the editor of Electrical World to call
for a major rethinking of traditional
forecasting methods {289} (see Figure
1-41 in Part One).

In such an uncertain forecasting environ-
ment, “The alternative to waiting 12
years to see whether demand growth
did justify construction of an expensive
large generator...is building smaller proj-
ects with shorter lead times.” {522) For
example, if a utility forecast 5.5% annual
demand growth, built new generators
with 12-year lead times, and actually
experienced only 3.5% annual demand
growth, then it would end up with 26%
excess capacity. If the lead time were 6
years, however, that excess would drop
to 12%; if 4 years, to 8%.

Lead time correlated well with unit size:
e.g., for U.S. coal-fired plants in the
300-700-MWe range, each 100 MW of
capacity required an extra year of con-
struction. Although different analysts’
values for this coefficient vary," the exis-
tence of an important bigger-hence-
slower correlation has long been well
established (12, 557).

For these reasons, as summarized by
Sutherland et al. {673}, with emphasis added,

The most important result is that short
lead time technologies, which represent
smaller units, are a defense against the
serious consequences of unforeseen
changes in demand. The “worst case”
occurs when electric utilities build large
and long lead time plants [but]...anticipat-
ed demand is unrealized. A price penalty
is paid by consumers, and unfavorable

financial conditions plague the utility. Ford
and Yabroff (1980, 78) concluded that the
strategy of building small, short lead time
plants could cut the price penalty to the
consumer by 70% to 75%. Both demand
uncertainty and short lead times favor small
generating units, with their synergistic effects
being the most important.

The mechanisms of that synergy become
more visible when one looks more closely
into the details of demand uncertainty. A
lucid analysis of the tradeoffs between
hoped-for power-plant economies of scale
and the risk of excess capacity (75)

(Figure 2-2) provides cost ratios showing
how much cheaper the output from a larger
unit must be, if it takes twice as long to
build as a small plant, in order to justify
buying the large plant under a given
pattern of demand uncertainty. That pattern
is expressed as the probability that during
the planning period, demand will grow by
one, two, or three arbitrary units, which can
be interpreted as relative percentage growth
rates. Those probabilities can occur in vari-
ous combinations. For each, a set of ratios
shows how much cheaper the large plant
must be than the small plant in order to
justify building the large one. In general,
the assumed demand growth will justify at
least one large unit. But to justify a second
or third large unit, it must be modestly or
dramatically cheaper than the smaller units,
depending on the distribution of demand
probabilities. The left-hand graph in each
case shows the assumed distribution of
probabilities (for example, in the first case,
all three demand growth rates—e.g., x,

2x, and 3x—are equally probable). The
right-hand graph shows in the first case,

 For example 57 7, a RAND muitiple-regression analysis by William Mooz found a correlation equivalent to -3 § months of construction duration per 100 MWe of net capacity (but
) actually a bit nonlinear}, while a comparable analysis in a different algebraic form, by Charles Komanoff, found that a doubling of nuclear unit size would increase construction time

; by 28% (Komanoff's capital-cost model for coal plants didn’t use unit size as a variable, but unit size was the variable most significant in affecting construction duration } A further

i analysis cited . i+, using an EPRI database of 54 coal and nuclear plants, didn't examine unit size as an explanatory variable, but did find that 22% of the nuclear units’ construction
! delay was deliberate in an effort not to build too far ahead of demand, implying that “the utility would have been better off with smaller and shorter lead time plants

{

)

Small s Profitable- the Hidden Economic Benefits of Making Electrical Resources the Right Sire 1
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for instance, that a large unit is justitiable at
full cost as the first unit to be built, but
must be 10" cheaper than the small plant to
be the right choice as the second unit, and

40% cheaper as the third unit.

Figure 2-2: Uncertain demand imposes stringent cost tests on

slow-to-build resources

Long-lead-time power stations must be far cheaper than halved-lead-time smaller
units in order to be an economical way to keep on meeting changing demand
{unless, perhaps, demand growth is known to be accelerating).
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Thus continuing to build large plants
requires them to be built at an increasingly
steep cost discount even if demand growth
is steady (the first case); is unlikely to be the
right strategy if demand fluctuates marked-
Iy (the second case) or demand growth
tapers off (the third case); and may be justi-
fiable if demand growth is definitely and

EKPC Request 10
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unalterably accelerating (the fourth case).
This comparison—focusing only on a specit-
ic kind of investment risk, and not taking
account of several dozen other effects of
scale on economics—is of course a simpli-
fied illustration of planning choices that
could be simulated more elaborately, typi-
cally by a Monte Carlo computer analysis.
But simple though it is, the example starkly
illustrates the risks of overreliance on long-
lead-time plants when demand is uncertain:
in the middle two cases, the third large unit
could be justified only if it were fourfold
cheaper than the competing small, halved-

lead-time unit. The authors conclude

The relative cost advantage of short lead
time plants can be substantial. If demand
uncertainty is such that low growth rates
of demand are more likely than high
growth rates, or if the variance in demand
growth is simply large, the capital cost of
long lead time plants must be substantially
decreased, under some circumstances as
much as 50%.[,] to make Jong lead time
plants cheaper, even with a flat load curve
The fraction of future demand that is opti-
mally satisfied with long lead time power
plants depends on two factors. Again, the
lower the probability that a given level of
demand will occur, the greater the cost
advantage required to make long lead time
plants optimal for that level. This conclu-
sion is modified by the existing mix of
short lead time-—high [fuel] cost plants
and long lead time—low fuel cost plants.
The more short lead time plants in the
existing mix[,] the smaller the cost advan-
tage of long lead time plants needs to be.
In generall,] unless long lead time plants
have a substantial cost advantage or the
probability of the demand[’s] growing at
the maximum rate is large, it is rarely opti-
mal to supply all the projected demand
with long lead time plants

In summary: if too many large, long-lead-
time units are built, they are likely to over-
shoot demand. Paving for that idle capacity
will then raise electricity prices, further

dampening demand growth or even

SmaltJe Pradiiante T Butien doovemee Brieits af oy flectical Resuries e Right Sie
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absolute levels of demand, and increasing
pressure for even further price increases to
cover the revenue shortfall. This way lies
financial crisis, as the industry found to its
cost in the 1970s and 1980s.

Of course, forecasting errors go both ways:
you can build capacity that you turn out not
to need, or you can fail to build a plant that
you do turn out to need. Are those risks
symmetrical? In the 1970s, when power-
plant (especially nuclear) vendors were try-
ing to justify their seemingly risky GW-
range products, they cited studies purport-
ing to show that underbuilding incurred a
greater financial penalty than overbuilding
(100, 671). However, those studies’ recom-
mendation—to overbuild big thermal plants
as a sort of “insurance” against uncertain
demand—turned out to result from artifac-
tual flaws in their models (243, 249, 417)."
More sophisticated simulations, on the con-
trary, showed that (at least for utilities that
don't start charging customers for power
plants until they’re all built and put into
service) if demand is uncertain, financial
risk will be minimized by deliberately
underbuilding large, long-lead-time plants
(75, 243-4, 246-7, 249).

For example, given an illustratively irregu-
lar pattern of demand growth characteristic
of normal fluctuations in weather and busi-
ness conditions, excessive reserve margins
and electricity prices can be reduced by pre-
ferring short-lead-time plants (Figure 2-3):

Figure 2-3: Faster-to-build reseurces help avoid capacity and price overshoot
Short-lead-time plants help to avoid excessive reserve margins and tariffs under
uncertain demand.
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Source: A Ford and A. Youngblood, “Simulating the Planning Advantages of Shorter Lead Time Generating Technologies”
{Energy Systems and Policy 6, 1982}, p. 360. figs 7 and 8

' The EPRI models assumed that all forms of generating capacity are expanded at the same rate, so that baseload shortages automatically incur [large] outage costs rather than

extending the capacity or load factor of peaking or intermediate-load-factor plants {This assumption means that the plant-mix questions at issue simply cannot be examined, because

plants are treated as homogeneous ) Furthermore, the use of planning reserve margin as the key independent variable obscured the choice between plants of differing lead times
Capital costs were assumed to be low, so that even huge overcapacity didn't greatly increase fixed costs. Outage costs were treated as homogeneous, even though it would make
more sense to market interruptible power to users with low outage costs. Uncertainties were assumed to be symmetrical with respect to under- or overprediction. And the opportuni-

ty costs of over- or underbuilding were ignored, whereas in fact, overbuilding ties up capital and hence foregoes the opportunity to invest in end-use efficiency or alternative supplies,

while underbuilding means one still has the capital and can invest it in ways that will hedge the risk For further comparative discussion of conflicting studies, see (244}

Smal s Profitable: the Hidden Economic Benefits of Making Electrical Resources the Right Size
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- Naturally. this sort of conclu
sion 1s not immutable, but
rather depends on interest
rates. fuel costs, and ather fac-
tars that change over time

This is quite an old and fanil-
iar problens in mathematical
ECONOIMICS The latter
paper concludes that “efficient
production when there is uncer-

tainty of demand forces the sup-
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There are four reasons for this:

e operating short-lead-time, lower-thermal-
efficiency, low-capital-cost stopgap plants
(such as combustion turbines fueled with
petroleum distillate or natural gas) more
than expected, and paying their fuel-cost
penalty, is cheaper than paying the car-
rying charges on giant, high-capital-cost
power plants that are standing idle;”

e even if this means having to build new
short-lead-time power stations such as
combustion turbines, their shorter fore-
casting horizon greatly increases the cer-
tainty that they’ll actually be needed,
reducing the investment’s “dry-hole” risk;

s smaller, faster modules will strain a
utility’s financial capacity far less (for
example, adding one more unit to 100
similar small ones, rather than to two sim-
ilar big ones, causes an incremental capi-
talization burden of 1%, not 33%); and

EKPC Request 10
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e short-lead-time plants can be built
modularly in smaller blocks ..,
matching need more exactly.

This last point is so obvious that it is often
overlooked: big, “lumpy” capacity additions
invariably overshoot demand (absent gross
underforecasting of rapidly growing
demand), leaving substantial amounts of
the newly added capacity idle until demand

can “grow into it” (Figure 2-4).7

Thus adding smaller modules saves three
different kinds of costs: the increased lead
time (and possibly increased total cost) of
central resources; the cost of idle capacity
that exceeds actual load; and overbuilt
capacity that remains idle. Both curves
maintain sufficient capacity to serve the
erratically growing load, but the small-mod-

ule strategy does so more exactly in both

. Figure 2-4: Slow, lumpy capacity overshoots demand in three ways
The yellow areas show the extra capacity that big, lumpy units require to be installed before they can be used
i Small distributed-generation (DG) modules don't overshoot much; they can be added more closely in step with
demand. The blue areas show the extra construction and financing time required by the longer-lead-time

central units

Install central source  —m—m—rmmm e

MW capacity {(or load)

" Install DG source

i

Electric load

Lead time and cost of large resource

idle capacity of large resource

Qverbuilt capacity

B —— Capacity: large sources

m w= e Capacity: DG sources

» Time

Source: J N Swisher Cleansr Energy. Graener Prefits: Fual Cells as Cosi-Eifective Distributed Energy Rescurces (RME 2002, wany (ot org, sitepages pdi71 php
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quantity and timing, and hence incurs far
lower cost.

This load-tracking ability has value unless
demand growth not only is known in
advance with complete certainty, but also
occurs in step-functions exactly matching
large capacity increments. If that is not the
case—if the growth graph is diagonal rather
than in vertical steps, even if it is complete-
ly smooth—then smaller, more modular
capacity will tie up less idle capital for a
shorter period.

If demand grows steadily, the value of
avoiding lumps of temporarily unused
capacity can be estimated by a simplified
method modified by Hoff, Wenger, and
Farmer (324) from a 1989 proposal by Ren
Orans. The extra value of full capacity uti-
lization is proportional to:

T(d-c¢)
- pTW-0)

where d is the [positive] real discount rate,
c is the real rate at which capacity cost esca-
lates, and T is years between investments.
This approximation yielded reasonable
agreement with PG&E’s estimate (§ 2.3.2.6)
for deferring Kerman transformer upgrades
{324).

This analysis also provides a closed-form
analytic solution for the case where the dis-
tributed resource is becoming cheaper with
time, so even if it's not cost-effective now, it
is expected to become so shortly. If the rela-
tive rates of cost change between the distrib-
uted and traditional resources are known,
due allowance can be made. The equaticns
provided (324} can also use option theory

(§ 2.2.2.5) to account for uncertainties in the
cost of the distributed resource. Such uncer-

Smalt Is Profitable. The Hidden Economic Benafits of Making Electrical Resourees the Right Size

tainty may create additional advantage by
suitably structuring the option so that the
manager is entitled but not obliged to buy,
depending on price. For these reasons, in an
actual situation examined, a distributed
resource costing $5,000/kW can be a cost-
effective way to displace generating invest-
ments that would otherwise be made annu-
ally, plus transmission investments that
would otherwise be made every 30 years—
largely because the lumpiness of the latter
investment means paying for much capacity
that will stand idle for many years."”

In any actual planning situation, depending
on the fluctuating pattern of demand
growth, the extra cost of carrying the
lumpy idle capacity can be calculated from
the detailed assumptions, and then inter-
preted as a financial risk. Some tools for
this calculation are described below. In
principle, but not in most models, such a
calculation should take into account an
important economic feedback loop—the
likelihood that the higher electricity tariffs
needed to pay that extra cost will make
demand growth both less buoyant and less
certain, further heightening the financial
risks {247-8). This sort of feedback is proba-
bly best captured by system dynamics
models (248). Those models broadly confirm
the “death spiral” scenario characteristic of
plants that take longer to build than it takes
customers to respond to early price signals
from the costly construction—especially if
demand is as sensitive to price as many
econometric analyses suggest."” Avoiding
the risk of the “death spiral” is an impor-
tant potential benefit.

* Jt's important for the analytic
tools used in this situation to
capture declining costs incre-
mentally and immediately, so
that no cost reduction is
delayed or lost through step-
wise capture at longer intervals

s Econometric studies collected
by Ford and Youngblood (248}
found long-run own-price elas-
ticities of demand as large as
-1 5 in the residential and com-
mercial sectors and -2 5 in the
industrial sector, with widely
varying time constants In gen-
eral, elasticities with an
absolute value farger than unity
can lead to trouble, many of the
values cited, including most of
the industrial ones, are in this
range (An elasticity of -15
means that each 1% increase in
price leads to a 1 5% decrease
in demand “Own-price” refers
to the price of the same com-
modity whose demand is being
measured, that differs from
"cross-price” elasticities, which
describe substitution of one
resource for another as their
relative prices change “Long-
run” typically refers to a period
of years.}
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Shorter lead time and smaller unit size both reduce the accumulation of interest during construction—an important

benefit in both accounting and cashflow terms.

Where the multiplicative effect of faster-and-smaller units reduces financial risk (#3) and hence the cost of project
capital, the correlated effects—of that cheaper capital, less of it (#11), and needing it over a shorter construction peri-
od (#11}—can be triply multiplicative. This can in turn improve the enterprise’s financial performance, gaining it access
to still cheaper capital. This is the opposite of the effect often observed with large-scale, long-lead-time projects,
whose enhanced financial risks not only raise the cost of project capital but may cause general deterioration of the
developerss financial indicators, raising its cost of capital and making it even less competitive.

For utilities that use such accrual accounting mechanisms as AFUDC (Allowance for Funds Used During Construction),
shorter lead time’s reduced absolute and fractional interest burden can improve the quality of earnings, hence
investors’ perceptions and willingness to invest.

Distributed resources’ modularity increases the developer’s financial freedom by tying up only enough working capital
to complete one segment at a time

Shorter lead time and smaller unit size both decrease construction’s burden on the developer's cashflow, improving
financial indicators and hence reducing the cost of capital

Shorter-lead-time plants can also improve cashflow by starting to earn revenue sooner—through operational revenue-
earning or regulatory rate-basing as soon as each module is built—rather than waiting for the entire total capacity to
be completed

The high velocity of capital (#16) may permit self-financing of subsequent units from early operating revenues

Where external finance is required, early operation of an initial unit gives investors an early demonstration of the
developer’s capability, reducing the perceived risk of subsequent units and hence the cost of capital to build them.

Short lead time allows companies a longer “breathing spell” after the startup of each generating unit, so that they can
better recover fram the financial strain of construction.

Shorter lead time and smaller unit size may decrease the incentive, and the bargaining power, of some workers or
unions whose critical skills may otherwise give them the leverage to demand extremely high wages or to stretch out
construction still further on large, lumpy, long-lead-time projects that can yield no revenue until completed

Smaller plants’ lower local impacts may qualify them for regulatory exemptions or streamlined approvals processes,
further reducing construction time and hence financing costs.

Where smaller plants” lower local impacts qualify them for regulatory exemptions or streamlined approvals processes,
the risk of project failure and lost investment due to regulatory rejection or onerous condition decreases, so investors
may demand a smaller risk premium.

Smaller plants have less obtrusive siting impacts, avoiding the risk of a vicious circle of public response that makes
siting ever more difficult.
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2.2.2.2 Financial risk

For all the reasons described in Section
2.2.2.1, shorter lead time and smaller, more
modular capacity additions can reduce the

This is analogous (317) to building hous-
es that are sold as they’re completed,
rather than tying up much more capital
in an apartment building that can’t yield
any rental revenue until it’s all finished.

builder’s financial risk and hence market

cost of capital (371, 417-8). But there are even Figure 2-5: Modular plants reduce need for working capital

Modular plants can need 10+ times less working capital than lumpy plants, reduc-

more causes for the same conclusion (675}): X X o f
ing default risk and perhaps therefore the modular units’ cost of capital.

1. Shorter lead time means less accumula-
100

tion of AFUDC, a lower absolute and _ j ‘ E -
. . 2 s
fractional burden of interest payments = ,
4 s
. . . _ . o 80
during construction (140), higher-quality S -
earnings that reflect more cash and less B ‘ ”
Q Non-modular plant|
fictitious “regulatory 10U” book income, ..g 60 7
and lower cost escalation during the con- S ///
e
struction interval (384, 493). One manifes- 8 40 7
. . . . 5 e
tation of these effects is that with highly 2 7
: 5 JRe
modular projects, the developer “only 2 20 "
g 7
needs enough working capital to finance £ s Modular plant 7
. . > 1
one segment at a time. Once the first seg- 0 / /’1/ /E /M/ g//

ment is completed, the unit can be fully
financed, and the proceeds used to Time

finance the next segment” (Figure 2-5). Source: T £ Hoff and C Herig, The Virtual Utility: Accounting, Technolagy and C

{Kiuwer Academic Press, 1997}, p 26, fig. 9

petitive Aspects of Emerging Industry

Allowance for Funds Used During Construction (AFUDC) is a U.S. utility accounting practice virtually unknown in most countries and baffling
to non-utility businesspeople. Especially during the nuclear construction boom of the 1970s, many state utility commissions issued a sort of
“regulatory [0U” by permitting utilities to reflect on their books a fictitious, noncash income item representing the cost of capital {bath debt and
equity) tied up in the construction project but not yet ready to generate electricity and hence to earn revenue. The principle was that the utili-
ty's financial reports would then look as healthy {superficially) as they would actually become when the project was completed, electricity
flowed to customers, and real revenues were earned. Unfortunately, some utilities became so dependent on this unreal revenue that it came to
provide a substantial fraction of their book income. If the project were then abandoned, as sometimes occurred, then the gap between report-
ed and actual cash income would become painfully apparent. The alternative regulatory treatment—including CWIP (Construction Work in
Progress) in the commission-approved rate base of assets on which utilities were authorized to earn a return on and of capital—allowed the
utilities 1o start charging customers for money spent on projects not yet completed. This method defied the normal principle that ratebased
assets must be “used and useful,” and it had:

e the economic advantage of providing a more nearly correct marginal price signal early enough that customers could value the electricity
more appropriately and presumably use it more judiciously—possibly making the plant largely or wholly unnecessary;

* the economic disadvantage that this price signal did no good because the utility had no intention of canceling the project even if demand
growth slackened or reversed;

e the political advantage of placating the utility and its investors; and

» the political disadvantage of infuriating customers who were having to pay for an asset that was doing them no good and might never
operate at all.

The resulting regulatory and legal wars are now history, and the wholesale competition begun in 1992 has largely transformed the structure that
created them, but even a few decades later, their scars persist on some utilities’ financial and political balance sheets.

SmaltIs Profitable The Hidden Economic Benefils of Making Electrical Besources the Right Size I
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' Under traditional U S {and
most other) rate-of-return regu-
lation, utilities are entitled to

charge customers approved tar-

iffs expected to yield “"revenue
requirements” that consist of
two kinds of prudently incurred
costs. operating expenses, and
a fair and reasonable return on
and of capital employed o pro-
vide "used and useful” assets
The "rate hase" on which the
utility has the opportunity to
earn that regulated return is
thus the sum of those used and
useful assets Therefore, the
sooner a power station enters
service, the sooner it starts
earning retums

2. Shorter lead time means that the utility

does not have to keep as much capacity
under construction, costing money and
increasing financial risk, to meet expect-
ed load growth in a timely fashion.

Shorter lead time means that units get
into the rate base* earlier, or, in the case
of a privately owned plant, can start
earning revenue earlier—as soon as each
module is built rather than waiting for
the entire total capacity to be completed.
This benefit has been quantified (317},
with an example of a 500-MW plant built
in one segment over five years vs. ten 50-
MW modules with 6-month lead times
(Figure 2-6). If each asset runs for 20
years, then under either plan, the same
capacity operates identically for the mid-
dle 15 years—but the modular plant has
higher revenue-earning capacity in the
first five years, and conversely in the last
five years as the modular units retire.
But because of discounting, the early
operation is worth much more today.
Using a 10%/y discount rate and
$200/MWy revenues, the modular solu-
tion will have an astonishing 31% higher
present-valued revenue. If the modular
plant were infinitely divisible and had
zero lead time, then regardless of the life

of the plant, the ratio of present-valued
revenues would be (¢ — 1}/Ld, where L
is the number of years it takes to com-
plete the nonmodular plant and d is the
annual real discount rate (317},

. Short lead time allows the companies a

longer “breathing spell” after the eventu-
al startup of the large units that are cur-
rently under construction (so that they
can better recover from the financial
strain of those very costly and prolonged
projects). This is analogous to a mother’s
stretching out the spacing of her bearing
children.

These four advantages allow the company
to avoid poor financial performance.
Thus, the short-lead-time unit allows the
company to avoid the increase in financ-
ing costs that can occur when a firm
misses its financial goals.

These conclusions are also reinforced by
four other factors that affect financial cost
and risk, notably:

6. Shorter lead time decreases the burden

on utility cashflow as expressed by such
indicators as self-financing ratio,
debt/equity ratio, and interest coverage

Figure 2-6: Modular resources’ early operation increases their present value
Modular plants can start yielding revenue while big, slow, lumpy plants are still under construction.

500 f T
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_ 375 I .
s I
s | .
- 1
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I
|
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Source: T E Hoff and C Herig. The Virtual Utility. Accounting, Technology and Competitive Aspects of Emerging Industry {1997}, p 22, fig 7
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ratios—all used by financial analysts to
assess risk for such purposes as bond
ratings and equity buy/sell recommen-
dations (375, 757).

7. Shorter lead time may decrease the
incentive, and the bargaining power, of
some workers or unions. Otherwise their
indispensable skills may give them the
leverage to demand extremely high
wages or to stretch out construction still
further, as occurred on the Trans-Alaska
Pipeline System and many of the later
U.S. nuclear power plants.

8. Smaller plants may have less obtrusive
siting impacts {250). This can avoid the
vicious circle, pointed out by H.R. Holt,
in which utilities seeking to minimize
siting hassles may maximize capacity
per site, making the project so big and
problematical that the plant is perceived
as a worse neighbor, hence increasing
political resistance to such projects and
making the next site that much harder
and slower to find, and so on.

9. Shorter lead time reduces the risk of
building an asset that is already obso-
lete—a point important enough to merit
extended discussion in the next section.

The first five of these benefits emerged
strikingly from a Los Alamos National
Laboratory system dynamics study in 1985
{677). The analysts used a Northern
California case study for Pacific Gas and
Electric Company under the regulatory poli-
cies prevailing in the early 1980s. They
examined how both the “lead time” to plan,
license, and build a generic power station
and the financial or accounting cost of that
lead time (due to real cost escalation and
interest on tied-up capital) would affect its
economic value over a 20-year planning
horizon. However, to clarify choices, théy
inverted the calculation: Rather than model-
ing longer-lead-time plants as riskier or

Smatl 15 Prefitable The Hidden Economic Benelits of Making Electsical Rescuces the Right Size

costlier (in present-valued revenue require-
ments), they simulated the utility’s financial
behavior and asked how much “overnight”
(zero-lead-time) construction cost could be
paid for the plant as a function of its actual
lead time in order to achieve the same
financial objectives.

Adding also a similar analysis for a coal-
fired utility (677) and another for Southern
California Edison Company (245}, the Los
Alamos team found that shorter lead times
justified paying about one-third to two-
thirds more per kW for a plant with a 10-
instead of a 15-year lead time; that a 5-year
lead time would justify paying about three
times as much per kW; and that a 2.5-year
lead time (analyzed only for SCE) would
justify paying nearly five times as much per
kW. In each case, these far costlier but short-
er-lead-time plants would achieve exactly
the same financial performance as their 15-
year-lead-time competitors under the same
exogenous uncertainties, for the first five
reasons listed above. Shown all on the same
graph, the results look like this:

Figure 2-7: Power-plant financial feasibility vs. lead time
To achieve the same financial performance and risk, power plants with severalfold
shorter lead time can compete even at severalfold higher construction costs.

5
Ford (1985), Southern
\/ California Edison
. 4
Multiple of Sutherland et al. {1985),
15-year-lead-time coal-fired utility
plant's "overnight” P
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to achieve the same RS
financial objectives ~
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Sutherland et al. (1985),/ - Base case
Pacific Gas & Electric ~ ~Sizaaoie
0 i L !
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Lead time of competing plant (years)

Source: W R Meade and D f Teitelb “A Guide to R

bie Energy and Least Cost Planning” (Interstate Solar
Coordination Council, 1988}, p 11, ex 8 R J Sutherland et a/, “The Future Market for Electric Generating Capacity: Technical
Documentation” (Los Alamaos National Laboratory, 1985), pp 145-146
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Figure 2-8: Slow construction multiplies its costs
Construction costs spiral with the combination of lead times, interest rates, and
cost escalation rates.

Total
construction
costs

Source; B J Sutherland et o/, “The Future Market for Electric Generating Capacity: Technical Documentation” {Los Alamos
National Laboratory, 1985, p 114

These findings clearly show that the longer
or costlier the actual lead time, the greater
its cost, and hence the costlier the short-
lead-time plant that could compete with it:

However, that analysis (678} is conserva-

tive—it understates the benefits of short lead

time—because it
..assumes a surprise-free, predictable
future. There are no unexpected changes in
regional economic growth, fuel prices, lead
times, or [competing private generation]
activity that might lead to adverse
ratepayer or stockholder impacts when
implementing the...resource plan. Thus,
the fourfold cost advantage identified for
short lead time plants...does not depend on
the flexibility that shorter lead time plants
offer in the face of uncertainty.

Sensitivity tests of the effect of a surprise (a
+100% change in demand growth rate
halfway through), under a variety of other
assumptions, confirmed that in most cases,
short-lead-time plants would substantially
increase the benefits or reduce the penalties
of surprises, further increasing the value of
short lead times (674).

These Los Alamos simulations show that
plants with a 3—4-fold shorter lead time can
cost (in “overnight” $/kW terms) about
three times as much per kW, yet still yield
the same—or, taking account of resilience
under surprises, better—financial perform-
ance. Yet most distributed resources have
lead times considerably shorter than the
smallest value analyzed, 2.5 years; some
take more like 2.5 months, weeks, or days
to install. As construction time converges
toward the theoretical “overnight” ideal,
wouldn’t distributed resources earn an
even larger tolerance of higher overnight
cost? Moreover, wouldn’t similar consider-
ations apply not just to generating but also
to grid investments? If so, mightn’t it be
worth even more to avoid grid invest-
ments, since

¢ .S, utilities have lately been investing
more than twice as much on grid as on
generating assets. As recently as 1978,
during the nuclear boom, U.S. utilities
invested only one-third as much in the
grid as in generating capacity. However,
as Figure 2-9 shows, since the mid-1980s,
investments in the grid have become
dominant, even before much new gener-
ating capacity began to be financed and
owned by non-utilities;

* emerging pure-distribution companies
have almost no investments but the grid;
and

e it is even more difficult to forecast
demand accurately for a small area
(which has less load diversity and is more
subject to the vagaries of individual large
customers, sectors, or neighborhoods)
than for a whole utility system (which
tends to average out random differences
between customers, sectors, or regions)?

Until 1997, no answer to these questions had

been published. But in that year, energy
economist and systems analyst Thomas Hoff
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Figure 2-9: Utility investments are now dominated
by the grid

U.S. investor-owned utilities are now devoting more
than twice as much capital expenditure to the grid
as to generation.

i
!
i
!
i
4

Ratio of grid investments
to generation investments

- . ot i L bt ;
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Source: EEl {Edison Electric Institute}, Statistical Review of the Flectric Power
Industry 2001 (EE!, 2002}

released a closed-form analytic solution {315}
for the simplified case where demand
growth fluctuates according to stochastic
binary steps, in much the way others ana-
lyzed using decision theory (§ 2.2.2.6). This
can make distributed resources cheaper than
lumpy grid upgrades or generation expan-
sions—the opposite of the conclusion
reached when demand is viewed statically
(via low, medium, and high growth scenar-
ios) rather than dynamically as an unfolding
process. For example, because the longer the
lead time, the greater the demand uncertain-
ty, if in any year there is a 50% probability
that demand will increase (assumed to occur
at a rate that uses up system reserve margin
in one year), then at a 10%/y real discount
rate, a $1,000 plant has a lower expected
value—the longer its lead time, the less
valuable it becomes. That is especially true if
demand growth is considered as a dynamic
process (Figure 2-10) based on those
assumptions. The message of the graph—
more fully explained by Hoff {315}—is that
the dynamic unfolding of demand over time
increases the risk reduction offered by short-
lead-time plants; and the longer the differ-
ence of lead time (or the smaller the proba-
bility of rapid demand growth), the more
dramatic this value advantage becomes.

Smat!Is Profitable The Hidden Economic Benafits of Making Elesirical Resaurces the Right Size

Hoff’s analytic approach {315} is illustrative-
ly applied to a system with equal probabili-
ty of 0- or 5-MW demand growth each year;
five years’ worth of grid capacity remaining
before the maximum rate (5 MW/y) of
demand growth would require either
expansion or distributed-resource reinforce-
ment; and a 10%/y discount rate. Grid
expansion is assumed to cost $25 million
($500/kW) and have a 5-year lead time,
while distributed PV capacity would come
with 1-year lead time and in 5-MW incre-
ments, each costing $15 million but return-
ing $5 million in system benefits for a net
per-unit cost of $2,000/kW. Thus ten incre-
ments of PV expansion would provide the
same total capacity as the single 50-MW
lump of grid upgrade. On these assump-
tions, the expected present-valued cost is lower
($24 million) for the PV than for the grid-
expansion ($25 million) choice, even though per
kW the PV choice is four times as costly.

figure 2-10: Counting the dynamic nature of demand growth increases the value of

short-lead-time plants

Considering demand growth as a dynamically unfoiding process makes longer-lead-
time plants even less valuable because so much more uncertainty accumulates

about whether and when they might be needed.
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Thus “highly modular, short lead time tech-
nologies can have a much higher per unit
cost than the non-modular, long lead time
T&D upgrade and still be cost-effective.”
The analytic solution shows the following
variation of breakeven PV net cost with
both module size and lead time, based on
the grid-displacement benefits flowing from
the assumptions in the previous paragraph:

Figure 2-11: Smaller, faster grid-support investments are worth more

For a typical grid-reinforcement application, smaller and faster distributed-resource
modules can compete with a lumpy grid expansion even if they cost manyfold more
per kW. Please see text for assumptions.
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Source: RMI analysis from Eq. 56 in T.E Haff, “Using Distributed Resources to Manage Risks Caused by Demand Uncertainty” (PEG, 1997}

Thus Hoff shows that the value of short lead
time, shown by the Los Alamos studies for
generating plants down to 2.5-year lead
times, also continues all the way down to zero
lead time, and is equally valid for analogous
grid applications. Moreover, Hoff quantifies
the additional value of small modules that
better respond to fluctuating demand
growth. (That value can also be assessed
using option or decision theory, as discussed
below in Section 2.2.2.5 and Section 2.2.2.6
respectively.) The analytic solution is (311}:

Pl

E = expected present-value cost

E=1

where

I = total investment cost of all plant
increments

I~
1

lead time (in years) of units, which
are assumed to differ only in this
respect and in cost, not in capacity

p = probability that demand will
increase at a given step

d = real discount rate (in decimal format,
per year)

T = number of years before demand
growth at the highest possible rate
(by growing at all possible steps)

will use up available capacity
(assuming T>L)

N =number of units needed to achieve
desired increase in capacity

The term before the multiplication sign
expresses the benefit of modularity; the sec-
ond term shows the benefit of short lead
time. Of course, as noted earlier, these two
values are especially powerful in combina-
tion. That will occur when smaller modules
also have shorter lead time, so that these two
attributes are associated rather than unrelat-
ed. This will frequently occur in practice.

Moreover, Hoff's graphed results for the
illustrative assumptions listed above (Figure
2-11) assume that the distributed resource
has a real price that doesn’t change over
time. But in fact, PV prices have been
declining at about 9%/y (311). If that contin-
ues, then “PV could have a current price of
more than $6,000/kW [excluding non-grid
benefits such as generating capacity, energy,
energy loss savings, externalities, etc.] and
still be a lower cost alternative than the
T&D upgrade. This is because [if the grid
upgrade takes five years but the PV installa-
tion only one year] there will be no invest-
ment in PV for at least four years (when its
cost will be reduced to about $4,000/kW).”
{311)
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In fact, the Sacramento Municipal Utility
District’s turnkey bid price for complete res-
idential PV systems was $5,060/kW in 1998,
$3,950/kW in 2000, and $3,400 per installed
kW of alternating-current ouput in 2002—a
decrease of nearly 10% per year in nominal
terms—so it appears that in the reasonable
illustrative case offered by Hoff (especially
bearing in mind that a substation applica-
tion offers greater economies of scale than a
residential one), actual market conditions
for a decision-maker already meet these cost
targets. Such dramatic price decreases are
both a benefit to distributed resources and a
competitive threat to centralized resources,
as described in the following section.

As a final illustration of the importance of
fast, granular resources, consider a perfect
distributed generation resource that can be
built in exactly the increments needed to
meet annual load growth, with a one-year
lead time—shorter than that of a larger cen-
tral station. On those assumptions, the fol-
lowing table shows the percentage increase
in the net-present-value cost of the central
source compared with a distributed source
with the same unit capital cost ($/kW). For
example, if the central source has a capacity
increment equivalent to six times the annual
load growth, and a four-year lead time, it
carries an effective 45% cost premium com-
pared with a same-$/kW distributed source.
Conversely, in this situation the distributed
generator could cost 45% more per kW and
still yield the same net-present-value capital
charge as the central source. The only differ-
ence is in their lead time and their “lumpi-
ness”: the central resource costs more
because it must be built earlier and because it
has excess capacity until load growth catches
up, as illustrated earlier in Figure 2-4. This
calculation, however, is not as flexible and
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Table 2-1: Smalier can cost more but can make more money

Net-present-value increase in benefit {percent) of a small resource with a 1-year

lead time, compared to a large resource whose incremental capacity is the “size

ratio” times annual incremental load growth.

Size ratio Large resource lead time (years)
1 2 3 4 5
1 0% 5% 10% 16% 22%
2 5% 10% 16% 22% 28%
3 10% 15% 21% 27% 34%
4 15% 20% 27% 33% 40%
5 20% 26% 32% 39% 46%
6 25% 32% 38% 45% 53%
7 31% 37% 44% 52% 60%
8 36% 43% 50% 58% 66%
9 42% 49% 57% 65% 73%
10 48% 55% 63% 72% 81%
(S;ﬂ;rrc;agzl,\l mm mc;;?:;aegﬁ;% 1[37{;35;;:1’ Profits: Fuel Cells as Cost-Effective Distributed Energy Resources” J

inclusive as Hoff’s analytic solution above, as

illustrated in Figure 2-11, so that form is rec-

ommended for practical calculations.

2.2.2.3 Technological obsolescence

Technological change is very rapid. During

the 1990s, the aeroderivative gas turbine, an
offshoot of military jet engine R&D, halved
the long-run marginal cost of fossil-fueled

power generation, captured most of the mar-
ket for new capacity, and triggered industry
restructuring by making more acutely visible
the spread between cheap new power and
costly old power. What might happen next?
Mature backpressure turbines, new microtur-
bines, and emerging fuel cells promise still
cheaper power (134), especially when their
waste heat is harnessed. The whole proton-
exchange-membrane fuel-cell revolution is
based largely on better membranes, lower
pressures, higher performance, and much
lower cost (largely via an order-of-magnitude
reduction in catalyst loadings, plus design for
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Small units with short lead times reduce the risk of buying a technology that is or becomes obsolete even before it’s
installed, or soon thereafter.

Smaller units with short development and production times and quick installation can better exploit rapid learning:
many generations of product development can be compressed into the time it would take simply to build a single giant

unit, let alone operate it and gain experience with it.

Lessans learned during that rapid evolution can be applied incrementally and immediately in current production, not

filed away for the next huge plant a decade or two later.

Distributed resources move labor from field worksites, where productivity gains are sparse, to the factory, where

they're huge.

Distributed resources’ construction tends to he far simpler, not requiring an expensively scarce level of construction

management talent.

Faster construction means less workforce turnover, less retraining, and more craft and management continuity than

would be possible on a decade-long project.

Distributed resources exploit modern and agile manufacturing techniques, highly competitive innovation, standardized
parts, and commonly available production equipment shared with many other industries. All of these tend to reduce

costs and delays.

manufacturing and assembly). Many of these
developments were unforeseen a decade ago.
Similar breakthroughs seem possible in man-
ufacturing high-temperature molten-carbon-
ate and solid-oxide fuel cells. Completely
new kinds of photovoltaics based on inher-
ently cheap materials are also emerging,
based, for example, on sulfur, polymers, self-
assembling structures, synthetic organic mol-
ecules, or chlorophyll analogs. Many other
technological surprises are increasingly likely
as more and smarter technologies are fused
into new combinations. Even the possibility
of wholly new energy sources, based on an
improved understanding of basic physics,
cannot be excluded.

Amid such flux, the smaller and faster the
units ordered, the less the risk of large capi-
tal commitments to technologies that are

obsolete and uncompetitive even before
they’re installed. Sinking less capital in cost-
ly, slow-to-mature, slow-to-build projects,
and inflexible infrastructure reduces finan-
cial regret, and may also shrink the institu-
tional time constant for getting and acting
on new information. Thus less capital is tied
up at any given time in a particular technol-
ogy at risk of rapid obsolescence; a larger
fraction of capacity at any time can use the
latest and most competitive designs; and the
associated organizations can learn faster.

The value of the resulting risk reduction may
be hard to quantify, because the nature and
size of the technological risk is by definition
unknowable. Yet that value features promi-
nently in the thinking of strategists in such
industries as telecommunications and infor-
mation systems. It should be no less a core

Smali s Profitabie The Hidden foonamic Benefits of Making Elecwical Resources the Right Size
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element of strategic planning for electricity.
There is also a link between unit scale, the
pace of technological improvement, and
economics. Smaller units with short devel-
opment and production times and quick
installation can better exploit rapid learn-
ing—many generations of product develop-
ment can be compressed into the time it
would take simply to build a single giant
unit, let alone operate it and gain experience
with it. As with electronics, then, the les-
sons learned drive continuous improve-
ments that can be rolled incrementally and
immediately into successive modules—not
filed away for the next generation of engi-
neers (if they remember) to apply to the
next giant unit.

Obviously such agile technologies also offer
far greater economies of mass production—
less like giant bridges, more like computers.
They move labor from field worksites to
factories, offering far greater scope for pro-
ductivity gains—like building cars, not
cathedrals. They exploit modern and agile
manufacturing techniques, highly competi-
tive innovation, standardized parts,” and
commonly available production equipment
shared with many other industries. Their
short construction cycles minimize the big-
project headaches of workforce turnover
and retraining. Their far less complex con-
struction management draws on a deeper
and cheaper talent pool.

All these attributes interact. They also
increase the likelihood that more ponderous
competing technologies may become obso-
lete and need to be written off before the
end of their planned amortization lifetimes.
The displacement, already underway, of
operating and unamortized nuclear plants
by combined-cycle gas turbines (which can

Small s Profitable The Hidéen Economic Benstits of Making Hectrical Resourses the fight Sie

be built and run more cheaply than just
operating and repairing the average nuclear
plant) offers a sobering lesson. Such lessons
in turn make the capital markets wary of
nuclear-like assets whose fair market value
may depend far less on how far along they
are in their projected engineering or
accounting lifetimes than on the pace of
technological evolution among competing
technologies. Wary capital markets mean
higher discount rates, costlier capital, and
reduced competitiveness.

In general, too, central thermal power sta-
tions have neoclassical supply curves—the
more units you build, the more each one
costs—for reasons fundamental to demo-
cratic societies (§ 1.2.2, Figure 1-8). In con-
trast, efficiency and dispersed renewables
perceived as benign have experience curves.
For PVs, for example, each doubling of
cumulative production has cut real marginal
cost by nearly one-fifth. In any long-run
competition between these two types of
technologies, with their fundamentally dif-
ferent processes of both technical innovation
and public acceptance, the more ponderous
and unpopular ones are likely to lose. We
return to this issue in Section 2.4.10.

2.2.2.4 Regulatory obsolescence

The cost, siting, and even practical availabil-
ity of technologies depends on regulatory
requirements, tax rules, and other public
policy. Continuous conflicts between vari-
ous groups amidst a swirling and ever-
changing mass of environmental, social, and
economic concerns make the regulatory " Business Week i reports
that the U S. military's wider
adoption of standard commercial
parts has reduced availability

lags from months to hours and
cut costs by fourfold or more

process often unpredictable in detail
(though often rather predictable in general
trend), and hence a source of risk just as
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DATA REQUEST RESPONSES BY THE SIERRA CLUB
PSC CASE NO. 2006-00472
EKPC’S FIRST DATA REQUEST DATED JULY 25, 2007
REQUEST 11
RESPONSIBLE PERSON: Geoffrey M. Young
Request 11.

On page 40, lines 9-11, you state that “if decoupling/SR is not implemented,
EKPC will continue to be punished financially if it helps its ultimate customers save
energy or if it enters into contracts with cogenerators or small power producers.” Please
explain how EKPC is presently being “punished financially... if it enters into contracts
with cogenerators or small power producers.” Please explain how decoupling/SR will
stop or mitigate this financial punishment for entering into contracts with cogenerators or
small power producers.

Response 11.

In the summer of 2005, T performed a spreadsheet-based analysis of the financial
impacts of statistical recoupling (SR) under a range of scenarios. The analysis was
presented in a memo dated August 5, 2005, to Jason Bentley, who at that time was the
Executive Director of the Kentucky Office of Energy Policy. I had had one meeting with
him to discuss decoupling, SR, and the problem of perverse financial incentives, and he
had requested an analysis of the potential impacts of SR on electric rates. A copy of this
memo is included below.

The scenario that is most relevant to this information request is Scenario C, which

envisions the installation of a 150-MW cogeneration unit by an industrial firm. The
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hypothetical utility’s base revenues for the three-year period were $2,043 million; the
negative impact on the utility resulting from the cogeneration facility over the three-year
period under the traditional ratemaking approach would have been a reduction of $57
million, or $19 million per year. This financial impact stems from the loss of electricity
sales by the utility, and its concomitant difficulty in covering its fixed costs. Under SR,
the impact of the cogeneration facility over the three-year period would have been a
reduction in net revenue of only about $4 million, or a little over $1 million per year on
average.

In brief, SR mitigates the financial punishment for entering into contracts with
cogenerators or small power producers by allowing the utility to raise rates slightly to
recover the revenue that is lost as a result of events that are not reflected by variables
included in the SR formula. Neither the enhancement of DSM program impacts nor the
installation of cogeneration facilities is reflected in the SR formula, so in such cases it
would fulfill its intended primary function of decoupling revenues from sales of

electricity.
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MEMORANDUM
TO: Jason Bentley, Executive Director
Office of Energy Policy

COPIES TO: Bob Amato, Steve Boyce, John Davies, Andy McDonald, Ben Perry,
Richard Raff, Jeff Shaw, Wade Helm, Ray Barry, Tom Fitzgerald,

LaJuana Wilcher
FROM: Geoff Young

Sierra Club
DATE: August 5, 2005

SUBJECT:  Estimated impacts of ratemaking reforms for energy efficiency

The most important question that you and PSC staff members have raised about statistical
recoupling (SR) is whether the impacts on customers’ rates would be excessively high.

“ The purpose of this memo is to present a simple financial spreadsheet, based on the work
of Eric Hirst, that enables one to estimate impacts that would occur under a range of -
different assumptions. I used the spreadsheet to show the effects of implementing:

a) SR without demand-side management (DSM) programs;
b) SR plus DSM programs; and
¢) SR plus a cogeneration facility installed by an industrial firm.

Background: Kentucky’s experience with decoupling

Before describing the spreadsheet and scenarios, however, it may be helpful to address
one of the other questions that arose during our discussion about LG&E’s experience
with decoupling in Kentucky, i.e.: Once the utility’s revenue was decoupled from the
amount of energy it sold, to what was it recoupled?

I looked up the residential customer tariff that had been in effect in LG&E's service
territory during the period from 1994 through 1998. The cost recovery method that the
PSC had approved for demand-side management (DSM) programs at that time was a
formula that included four factors. The factor that related to decoupling was called the
DRLS factor, which stood for DSM Revenue from Lost Sales. At the end of each 12-
month period, the utility’s non-variable revenue requirement (i.e.. the total revenue less
variable costs) that had been approved for the Residential Rate R in LG&E’s most recent
general rate case was adjusted to reflect changes in the number of customers and the
usage per customer, as follows:

(1) the allowable revenue was made proportional to the number of customers, so if the
number of residential customers increased by 2%, for example, the allowable non-
variable revenue from the residential class would be boosted by 2%.
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(2) the allowable revenue was multiplied by a growth factor of 1.3% per year, to reflect
the assumption that the average customer’s energy use would increase at that rate.

The utility’s revenue was thus recoupled to the number of customers and to an automatic
growth factor.

Because these formulas can be somewhat dry and hard to understand, it may be helpful to
translate the messages being sent by the PSC into words. The implicit message being
sent to utility companies by the traditional ratemaking formula was as follows: “For the
past 60 years, one unintended side-effect of our fixed-rate formula has been that if you
boost energy sales to your customers, we will reward you handsomely; conversely, if you
help your customers save energy we will kick you in the teeth.” The implicit message the
PSC sent to LG&E and ULH&P in 1994 when it approved the decoupling formula
described above was as follows: “For the next three years, on an experimental pilot basis
in the residential customer class only, if you help customers save energy we will stop
kicking you in the teeth; instead, we will give you a small reward. In regard to all of your
other customers in the non-residential sectors, if you help them save large amounts of
energy we will continue to kick you in the teeth as we have for the past 60 years.” When
the PSC approved the elimination of decoupling in 1998, it was saying, in effect, “Our
limited, pilot-scale experiment in one customer class was all well and good, but we are
now returning to the decades-old system whereby we will reward you for boosting sales
to all customer classes and will kick you in the teeth if you help your customers save
energy.” Although these translations into words may seem dramatic, they clearly express
the financial incentives that various ratemaking formulas convey to utility company
executives.

Decoupling Options

In his report, “Statistical Recoupling: A New Way To Break the Link Between Eleciric-
Utility Sales and Revenues,” Eric Hirst described three types of decoupling: recoupling
revenues to determinants of fixed costs (e.g., California’s Electric Revenue Adjustment
Mechanism); recoupling revenues to the growth in the number of customers, also known
as revenue-per-customer decoupling; and recoupling revenues to the determinants of
electricity sales, also known as statistical recoupling. The type of decoupling that
temporarily existed in Kentucky was of the second type, revenue-per-customer
decoupling.

Two problems with the first two types of decoupling — ERAM and revenue-per-customer
decoupling — are that they may cause relatively large fluctuations in rates under certain
conditions, and they also change the allocation of certain risks between the utility and its
customers, most notably the risks relating to weather and economic recessions. If the
weather is severe and energy usage increases, during the next period the decoupling
formula will lower the rate and require the utility to return some of the revenue to
customers. The formula would give rise to a similar refund if there is an economic boom



EKPC Request 11
Page 5 of 14

and energy use per customer increases. Conversely, if the weather is mild and energy use
falls, during the next period the decoupling formula will raise the rate per kWh and allow
the utility to receive additional revenues from its customers. If there is an economic
recession and energy use per customer decreases, during the next period the decoupling
formula will raise the rate per kWh. In some cases such as in Maine, the rate effects of
such factors have dwarfed the effects of energy efficiency programs.

Statistical recoupling (SR) addresses these issues and reduces the size of the rate
fluctuations. It does so by recoupling the revenues to the main factors that affect the
amount of energy consumed. To develop the SR formula, a regression analysis is
performed, using the past 10 or 20 years of data, of energy consumption as a function of
variables such as heating degree-days, cooling degree-days, the number of customers, the
retail price of electricity, and a measure of economic activity in the region such as
industrial output. Hirst’s model also includes a first-order autoregressive term solely for
the purpose of reducing the standard error in the model’s other coefficients. The
allowable revenues for subsequent years are determined by using the same formula and
coefficients in conjunction with each year’s variable data. /bid,, pp. 33-36. The result is
that revenues are decoupled from sales — i.e., the PSC stops kicking the utility in the teeth
for helping customers save energy — and the year-to-year price fluctuations that can result
trom other forms of decoupling are moderated. Statistical recoupling appears to be the
solution that would be most beneficial to all energy utilities in Kentucky.

Eric Hirst noted one secondary issue related to revenue-per-customer decoupling: “With
RPC decoupling, it may be necessary to agree on an estimate of per-customer growth in
electricity use (expressed in percent per year). Statistical recoupling has no
predetermined growth-rate factor that remains constant between rate cases.” /bid., p.53.
It should be noted that a disagreement about the proper magnitude of LG&E’s growth-
rate factor eventually led some of the parties in the LG&E DSM Collaborative, including
the utility itself, to propose the elimination of decoupling.

As Sheryl Carter noted, “Eliminating the disincentive is necessary, but not sufficient.”
While decoupling or SR formulas “make utilities neutral to investments that reduce
throughput, they do not provide the utilities with incentives to actively promote energy
efficiency, distributed resources, or other energy policy goals. Additional incentives or
mechanisms are necessary to promote active investment in these areas... Strong
performance-based incentives could also be established to deliver cost-effective savings,
distribution enhancements, and other least-cost system values.” (“Breaking the
Consumption Habit: Ratemaking for Efficient Resource Decisions,” The Electricity
Journal, December 2001, p.70) In other words, in addition to statistical recoupling, the
PSC should include factors in the rate formula that enable utilities to share in the savings
that customers obtain — some jurisdictions give utilities a revenue boost equal to 15% of
the customers’ savings — and to recover prudently-incurred DSM program costs. Over
the past 25 years, methods have been developed to estimate customers’ savings. The
Kentucky Division of Energy and several energy service companies have experience
working with the International Performance Measurement and Verification Protocol
(IPMVP), which provides a method for verifying energy savings. A brief overview of the
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[PMVP is provided by Satish Kumar, “Measurement and Verification of Energy
Savings,” Energy User News, December 8, 2000.

Implementing the Necessary Ratemaking Reforms in Kentucky

The most straightforward way to change the ratemaking formulas to implement statistical
recoupling, shared savings factors and DSM program cost recovery factors is for the PSC
to issue an order scheduling a series of rate cases for each energy utility in Kentucky —
electric and gas — for the sole purpose of changing the rate structures. The order should
specify that the magnitude of the utility’s revenue requirement is not at issue, nor is the
allocation of revenue between the various classes of customers, but only the rate
structure. This would eliminate almost all of the complex, contentious and time-
consuming issues and testimony that typically accompany general rate cases, a
phenomenon I have called “dueling accountants.” In my view, the PSC would have the
authority, under KRS 278.260, to initiate such proceedings on the grounds that the
existing rate structure is not fair, just and reasonable because: 1) It unjustly punishes
utilities financially for working with their customers to implement cost-effective
measures that would significantly reduce energy use; and 2) It is contrary to the intent of
16 USC Section 2621(8), which states that public service commissions should set rates so
that investments in DSM are at least as profitable as investments in new power plants. It
is clear to me that the Commission has the legal authority to implement regulatory
changes in Kentucky’s energy utility sector that are called for by Federal law.

To summarize these comments on energy efficiency and utility regulatory reform:

e Improved energy efficiency is the largest, most cost-etfective, and most
environmentally sound energy “source” for the Commonwealth.

e The potential of DSM in all customer classes extends far beyond the existing
limited programs.

¢ The traditional ratemaking framework rewards utilities for selling more energy
and kicks them in the teeth if they help customers use energy more efficiently.

e The best solution is statistical recoupling and shared-savings incentives, which
need to be applied to all energy utilities in Kentucky.

e The essential reforms can be implemented unilaterally by the PSC via a series of
limited rate cases that deal with rate structure alone.

e All parties can benefit significantly by working together to reduce waste.



EKPC Request 11
Page 7 of 14

Estimated Impacts of Implementing Statistical Recoupling

Eric Hirst’s report, “Statistical Recoupling,”’ contains a numerical example of a Utah
electric utility company that implements SR in 1990. The first step involves the
development of a statistical model of the key determinants of electricity sales. For
purposes of his example, Hirst used quarterly data from 1978 through 1989. He then
applied the formula to the years 1990, 1991 and 1992. A linear regression using
aggregated data for all customer classes yielded the following preferred formula:

Total electricity use (GWh/quarter) =

-564 (a constant)

+ 0.00660 * the number of customers
+0.113 * the number of heating degree days
+0.347 * the number of cooling degree days
- 61.7 * the retail price of electricity

+ 177 * a measure of industrial output

Hirst’s model also includes a first-order autocorrelation term solely for the purpose of
reducing the standard error in the model’s other coefficients. For the sake of simplicity,
however, the autocorrelation term has been set to zero in the attached spreadsheet.

A. The first scenario in the attached spreadsheet illustrates the effect of implementing SR
in the absence of DSM programs. Gross energy use increases gradually from 12,398
GWh in 1990 to 13,427 in 1992. The average retail base price is set by the last rate case.
The year-to-year changes in the retail base price reflect the changes; both within and
across customer classes, in the relative amounts of electricity used. (/bid., p. 34)

The second part of the first scenario illustrates the implementation of SR. The actual data
for the variables in the formula are shown for the three years, 1990-92. Because the
formula uses the real electricity price rather than the nominal price, a price deflator must
be applied. Applying the formula to the 1990 data yields allowed electricity sales of
12,609 GWh. This is 1.7% higher than the actual sales. The SR approach then adjusts
next year’s electricity price by a percentage that reflects the fixed-cost component of the
retail electricity price. According to Hirst, the fixed cost component typically accounts
for 50% to 75% of the retail price. For purposes of this spreadsheet, I have assumed that
the fixed cost component is 62.5% of the retail price. The base price for 1991 is therefore
adjusted upward by 0.625 times the 1.7%, which equals 1.1%. In this example, the price
adjustment would come out to 0.06 cents per kWh. This raises the 1991 retail price from
$.0536 to $.0542 per kWh.

The SR formula is then applied again at the end of 1991 to determine the price
adjustment to be applied to the 1992 base price. In this case, the formula yields allowed
sales for 1991 of 12,930 GWh, which is 0.7% higher than the actual sales of 12,839
GWh. The base price for 1992 is adjusted upwards from $.0512 to $.0514 per kWh, an
increase of 0.4%. Applying the SR formula to the 1992 data yields a price decrease of
0.06 cents per kWh to be applied to the 1993 base price.
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The overall impact of applying SR in the absence of DSM or cogeneration is relatively
minimal. The three-year total revenue under SR in this example happened to be about
$10 million higher than the base case, but approximately $7 million of that amount would
be refunded to customers during 1993. The primary objective — decoupling utility profits
from sales — has been accomplished with negligible swings in the electricity price.

B. The second scenario illustrates the use of SR in the context of a set of fairly large-scale
DSM programs. Most of the DSM-related data for this scenario was taken from a second
report on SR by Eric Hirst and co-author Eric Blank, titled Regulating As If Customers
Matter: Ulility Incentives to Affect Load Growth, January 1993, Land and Water Fund of
the Rockies, Boulder, Colorado. The Commission has a copy of this report because it
was filed by the Kentucky Division of Energy in response to a data request in Case No.
2003-00433 and 2003-00434.

This report developed a numerical model for a hypothetical Rocky Mountain electric
utility. The retail price structures they used were based on the same utility modeled in
the other Hirst report cited earlier, as well as the specific tariffs for the residential and
secondary general rate classes of Public Service Company of Colorado. (Zbid., p. 8)

The hypothetical 3-year DSM program they analyzed had the following characteristics:

o [t reduces demand by 20 MW in the first year, 30 MW more in the second, and 40
MW more in the third year, for a cumulative demand reduction of 90 MW.

e It has a conservation load factor of 50%. 7

e Jtreduces energy use by 88 GWh in the first year, 131 GWh more in the second,
and 175 GWh more in the third year, for a cumulative energy reduction of 394
GWh per year (in the third year) and a cumulative total of 701 GWh saved over
the three-year period.

e It costs the utility $1,200 per kW to implement, so the DSM program costs are
$24 million in the first year, $36 million in the second, and $48 million in the
third year. The levelized DSM cost is 3.6 cents per kWh.

e Assuming a discount rate of 10%, the net present value of the program cost is $96
million, the total resource benefits are $177 million, and the benefit/cost ratio
according to the Total Resource Cost (TRC) test is 1.8.

(Ibid., pp. 43-46)

I fed this DSM-related information into the spreadsheet I had developed based on Hirst’s
report, “Statistical Recoupling: A New Way To Break the Link Between Electric-Ulility
Sales and Revenues.” The first scenario in Section B illustrates the effects of the type of
DSM cost recovery policy in effect for utilities in Kentucky today. Instead of using a
decoupling or statistical recoupling formula, the PSC currently allows utilities such as
LG&E, KU and ULH&P to recover DSM program costs, DSM lost revenues, and a
~shareholder incentive. In the spreadsheet, I assumed the shareholder incentive is set
equal to 10% of the DSM program cost.
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The spreadsheet calculates the impact of the DSM program on the retail price by adding
up all of the recoverable costs and dividing it by the amount of energy sold. The impact
on the retail price is 0.20 cents/k Wh in the first year, 0.38 cents’lk Wh in the second, and
0.52 cents/kWh in the third year. By the third year, the impact is thus approximately
equal to 10% of the retail price. The fact that the TRC ratio is greater than 1, however,
indicates that the sum of ratepayers’ bills in the long run would be lower than they would
have been if additional power plants had been built instead. Still, the magnitude of the
price impact suggests why no utility company in Kentucky has yet proposed a set of
DSM programs that are as large as in this scenario.

There are additional problems with this approach. The utility’s profits have not been
decoupled from sales. It still has a powerful economic incentive to boost sales at all
times. The calculation of lost revenues is likely to be complex and contentious, and will
depend on engineering estimates of energy savings as adjusted by subsequent impact
evaluation studies. Basing the shareholder incentive on the amount spent on DSM
reduces the economic incentive for the utility to operate the most efficient programs
possible.

C. The third scenario estimates the impact of a cogeneration facility installed by an
industrial firm in the utility’s service area. The purpose of the cogen unit would be to
provide both electricity and heat for one or more processes at the industrial plant.
Kentucky’s existing DSM statute, KRS 278.285, does not specifically include
cogeneration in its definition of demand-side management. Cogeneration has the
potential to put more than twice the fraction of energy in the fuel to productive use than a
central power plant would. There are very few cogen facilities in Kentucky, in part
because the PSC has allowed utility companies to erect financial barriers against potential
cogenerators.

In the base case (without SR), an industrial firm installs a 150-MW cogen unit. To
calculate the reduction in peak demand, I assumed that there was a 95% probability that
the cogen unit would be operating during the utility’s peak load hour. To calculate the
amount of electrical energy saved, I applied the same load factor (50%) as in Eric Hirst
and Eric Blank’s DSM scenario. The cogen unit reduces the utility's sales by 627 GWh
per year. In the short run, revenues are reduced by the fixed-cost component of this
quantity of energy. The short-term reduction in net revenue to the utility is
approximately $19 million per year. In reality, the utility would apply various charges to
the industrial firm — the “financial barriers” I referred to above — but for purposes of this
example I have set these charges equal to zero. In the long run, the addition of
cogeneration in the utility’s service area would postpone the need for additional utility
power plants, saving all ratepayers money.

The financial impacts of cogeneration under SR are significantly different. The
unexpected reduction in revenues during 1990 give rise to an increase in the electricity
price of 0.24 cents’/kWh above the 1991 base price. Similarly, the base price would be
adjusted upward by 0.18 cents/kWh in 1992 and 0.08 cents/kWh in 1993. The utility’s
total short-term revenue loss would be only about $4 million over a three-year period,
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compared to $57 million in the cogeneration base case. The utility would still have a
slight economic incentive to oppose cogeneration, but SR would eliminate the large bulk
of the impact. The utility might even recognize that it might be worth $1 million a year
to delay the need to provide 142 MW of additional capacity. Alternatively, the utility
might find it beneficial to sell the energy saved by the cogen facility off-system.

Conclusions and Recommendations

1. The most important action that the Governor and the Public Service Commission need
to take is to communicate clearly that Kentucky is serious about harvesting the vast
Potential energy efficiency gains that can be made throughout the Commonwealth.

2. Part of this message needs to be addressed to utility companies, as follows: If you get
serious about helping your customers use energy more efficiently, the government will
ensure that you are not penalized financially, as has been the case for almost all of the
past seven decades. In fact, the PSC will implement the Federal law that states that the
utility’s lowest-cost plan should also be its most profitable plan.

3. Some form of decoupling is necessary to remove the perverse incentives from the
traditional system of setting rates. The most advantageous form of decouplinig is
statistical recoupling, or SR.

4. In addition to the removal of existing disincentives, utilities will need positive financial
incentives to help customers reduce their bills for energy services.

5. The PSC can implement the necessary regulatory changes on its own authority without
the need for additional legislation.

6. The Governor can play a positive role by stressing the importance of this issue to the
PSC and to the utility industry in Kentucky.
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