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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 

REQtJEST 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 rooin. 
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Text of Testimony Presented by the 

Kentucky Division of Energy 

in Administrative Case No. 341 

An Iiivestigation 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 (PS,C) in i t ia ted  

an investigation i n t o  the f eas ib i l i t y  of implementing demand-side management 

(DSM) cost recovery, revenue recovery and incentive mechanisms. The Division 

o f  Energy within the Kentucky Natural Resources and Envi ronmental Protection 

Cabinet (NREPC/Energy) submitted comments, as  d i d  several other par t ies .  On 

January 7 ,  1993, the PSC issued an order requesting additional comments and 

the c l a r i f i ca t ion  of certain issues raised by the parties.  

welcomes the opportunity t o  par t ic ipate  i n  the o n g o i n g  investigation of these 

issues.  

NREPC/Energy 

1. The f i r s t  question raised in the PSC's order o f  January 7 ,  1993 i s :  

"Discuss whether the Cornmission presently has statutory authority t o  establish 

financial  incentives t o  encourage a regulated u t i l i t y ' s  use of demand-side 

management .'I 

NREPC/Energy i s  n o t  in a position t o  p u t  forth a legal opinion on 

whether the PSC has s t a t u t o r y  authority in th i s  area. 

t o  o f f e r  comments t h a t  may logically address the question from the following 

perspective. 

However, we would l ike 

The important fact  t o  recognize i s  t h a t  the present regulatory framework 

i s  not  f r ee  o f  incentives. 

evolved over the past several decades, contains substantial economic incen- 

t ives  f o r  e l ec t r i c  u t i l i t i e s  t o  expand sales of energy. 

s t a t e s ,  the PSC in Kentucky periodically holds  ra te  cases and s e t s  e l e c t r i c i t y  

The present system of set t ing rates ,  as  i t  has 

As in many other 
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r a t e s  t ha t  are designed t o  allow the recovery of a l l  prudent operating 

expenses and fixed costs,  and t o  allow the u t i l i t y  an opportunity t o  earn an 

expected ra te  of return. In between rate cases, which i s  v i r tua l ly  a l l  the 

time, a u t i l i t y ' s  revenue will increase i f  i t s  safes increase. 

Moreover, in s t a t e s  such as Kentucky, a fuel adjustment clause allows 

u t i l i t i e s  t o  recover expenditures for  fuel t h a t  are higher than expected. 

These additional costs are recoverable regardless of whether they a r i s e  

because of higher u n i t  fuel prices o r  increased quantit ies of fuel used t o  

meet increased demand. I f  a u t i l i t y ' s  sales increase i t s  revenues will 

increase,  b u t  any extra fuel costs i t  may incur are passed along via the fuel 

adjustment mechanism. 

ca r r i e s  t h r o u g h  t o  the u t i l i t y  company's bottom l ine as  net income. 

versely,  when t o t a l  fuel costs are less than the projected amount, the u t i l i t y  

m u s t  refund the difference t o  customers. If a DSM program reduces sa les ,  the 

u t i l i t y  n o t  only loses the revenue from the foregone sa les ,  i t  m u s t  also make 

fuel adjustment payments t o  customers equivalent t o  the value of the fuel 

saved. 

A large fraction of the increase in revenue t h u s  

Con- 

Under the present regulatory framework, the more e f fec t ive  a DSM program 

i s  in reducing electr ical  energy demand, the worse i t  i s  from the perspective 

of u t i  1 i t y  company prof i ts  . 

David Moscovitz (1989) l i s t s  the following incentives inherent in the 

t rad i t iona l  framework of e l e c t r i c  u t i l i t y  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 o r  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 cos ts .  

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 regul at i on prescri bes rules for regul ar report i ng and 

commission review of load forecasts and resource plans of the 

state's electric utilities to meet future demands f o r  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 

pol icies specifically designed to encourage DSM, state: 

concern o f  KIUC is that least cost planning principles be followed" (KIUC, 

October I ,  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 t o  depart 

from their least-cost plans. 

"The overriding 

NREPC/Energy believes that the PSC's first question can be looked at 

from a different perspective. 

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 0.f regulations and decisions that has been established over 

the past several decades. 

opinion, it would seem clear from the foregoing analysis that the PSC has the 

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

Instead of focusing on whether the PSC has the 

Although NREPC/Energy has not offered a legal 

A question has been raised about the PSC's legal authority to establish 
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However, during recent years our understanding of the incentives for DSM. 

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 o f  electricity at the lowest possible cost 

(i.e, to encourage the implementation o f  least-cost plans by utility companies 

in Kentucky). I f  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. " I f  the Commission presently lacks the statutory authority to 

establish ffnancial incentives to encourage the use o f  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 
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conditions, DSM programs, and other factors. The ERAM implemented n Cali- 

fornia in 1978 is illustrative. At the time o f  a rate case, the Ca ifornia 

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. 

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" 

The authors note that "ERAM can acutally 

(Marnay & Comnes, 1990, page 5). 

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 level 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). 

The authors o f  a Michigan study address 



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 there.fore 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 i n  Kentucky. 

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. 

By placing the 

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. 

various DSM programs' cost-effectiveness, which is one of the criteria on 

which a regulatory scheme should be evaluated. 

Considering both aspects will provide an indication o f  

The regulatory framework to be 
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The effect of cost-cutting measures on a utility's bottom line under 
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established by the PSC should meet several criteria, including the following: 

1) The profits o f  a utility company should increase as it more closely 

approaches the 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 i n  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 o f  

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; 

demand on ERAM; 

customers. 

b) the possible effect of changes in industrial 

and c) the counter-cyclical economic effect of ERAM on 

NREPC/Energy believes that these concerns are re1 atively minor, second- 

or thi rd-order considerations when viewed i n  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 

calcula,tion 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 level of overall revenue, it does not require detailed 

calculations or estimations of efficiency (Moscovitz, 1989, page 40). 

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. 

In sum, 

b) In their statement o f  October 1, 1992, Joint Utilities note that 

"some o f  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 o f  changes raises a question 

o f  how equitably the mechanism will operate under the conditions in Kentucky." 

NREPC/Energy i s  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 

e f f e c t s  within the industrial  customer class;  or 3 )  equity e f fec ts  between the 

industr ia l  and the other customer classes? I n  the absence of a numerical 

example or  a more c lear  definit ion of the concern, i t  is  d i f f i c u l t  t o  gauge 

the potential magnitude of the effects  t o  which Joint U t i l i t i e s  are referring. 

However, NREPCIEnergy will  attempt to  address each o f  these three possible 

concerns below: 

1) A public information e f fo r t  aimed a t  explaining any newly introduced 

decoupling mechanism will probably al leviate  uncertainty about the way the 

mechanism will operate in practice. 2 )  I f  the concern i s  tha t  DSM measures 

adopted by one industrial  firm may unduly s h i f t  financial burdens t o  other 

industr ia l  customers, a reasonable solution would be for  the u t i l i t y  t o  offer  

a range o f  industrial  DSM programs. Opportunities for  participation i n  cost- 

e f fec t ive  industrial  energy conservation programs would then be maximized. 

3) I f  the concern i s  about equity effects  between industrial  customers and 

other  customers, i t  should be noted that ERAM on a per customer basis gener- 

a t e s  separate revenue-per-customer limits fo r  each customer class .  Adjustments 

made due t o  sales  fluctuations i n  the industrial c lass  should t h u s  have no 

financial  e f fec t  on the u t i l i t y ' s  non-industrial customers. 

c )  Joint U t i l i t i e s  correctly note that  ERAM and ERAM on a per customer 

basis have a counter-cycl ical  economic effect ,  raising rates  when the economy 

i s  weaker than expected and vice versa. Because e l ec t r i c i ty  costs  const i tute  

a small fraction of the to ta l  costs o f  most customers, and because the per- 
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Energy believes that the counter-cyclical effect is not likely to be large. 

Assuming that the average customer's electric demand varies in proportion to 

changes in the overall economy, the impact o f  ERAM on a per customer basis 

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

constant regardless o f  fluctuations in the economy. 

At the same time that ERAM dampens electricity cost fluctuations that 

are due t o  macroeconomic conditions, it also tends to reduce fluctuations due 

to unexpected extremes in weather. 

very hot summer weather and very cold winter weather cause a customer's 

electricity bills to increase (and vice versa). 

customer basis, these fluctuations would be somewhat dampened, allowing 

Under the present regulatory framework, 

Under ERAM or ERAM on a per 

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. 

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. 

necessary decoupl ing, and therefore should not be barred from further consid- 

eration by the second- or third-order concerns discussed above. 

While there is no perfect regulatory 

An ERAM-type system is one of the mechanisms that can achieve the 
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6. Weather Normalization Adjustment. 

NREPCIEnergy is unaware of any factors that would necessitate the use o f  

a weather normalization adjustment in rate cases. 

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 is not under utilities' control, there 

appears to be no reason to retain the present strong connection between 

weather fluctuations and company profits. 

in rate cases could reintroduce the connection that a decoupling mechanism 

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

As discussed above in the 

A weather normalization adjustment 

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). 

decoupl ing of profits from sales (Moscovitz, 1989, page 44),  NREPC/Energy also 

concurs with AG/Jefferson's point that reform or elimination o f  the reconciled 

FAC should not be viewed as a substitute for the need for a decoupling o r  l o s t  

revenue recovery mechanism. 

Because changes in the FAC generally achieve only partial 
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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 Hell 

as to electric utilities. Although the absence o f  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 

The regulatory framework estab 

Combination Utilities. 

ished for gas and comb nation 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 t o  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 o f  carbon dioxide for a given level o f  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 pfan is also its most profitable plan. 

NREPC/Energy recommends that the Commission use total resource costs to 

measure the effectiveness of alJ DSM programs. 

For this reason, 

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

Companies. 

If a regulatory framework i s  established that i s  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 "uneconomicall' will 

become financially attractive. Some of these opportun'ties will involve fuel 

switching to natural gas. 

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. 

In the absence of a regulatory framework that 

13. Benef i ci a1 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 i n  which the heat i s  used 
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at o r  near the generation site; 
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Any other fuel switching programs which minimize total resource costs 

and move the participating utilities in the direction o f  their least-cost 

pl ans. 

14. Desirability o f  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. 

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. 

Law Foundation have, through participation in collaborative planning efforts, 

he1 ped 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. 

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. 

In 

In New England, environmental groups such as the Conservation 

While the process may appear to be time-consuming 
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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 

issues in a relatively short time: 

"Another example of the risk balancing achieved through consensus 

in the collaborative is the decision [ n California] to base 

first-year program savings per partici,ant ... 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 o f  their demand-side activities, however, the utilities 

agreed to initiate large-scale evaluations o f  their programs to 

measure those risks precisely. 

"The design of the shared savings incentives was the result o f  

collaborat ve negotiations among stakeholders. 

argue that the same results could have emerged from traditional 

regulatory forums, it i s  doubtful they could have emerged as 

quickly as they did in New England and California. 

shared-savings incentives were established within one year after 

the initiation of discussions." 

While one can 

In both cases, 

(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 uti1 ity 

regulation should be represented in a collaborative planning effort. 

interests include utility companies, environmental groups, and industrial, 

commercial and residential customers. In addition, the inclusion o f  parties 

that have specific information or expertise concerning cost-effective DSM 

measures would enrich the process. 

These 

16. "State the reasons, if any, why a utility would not pursue cost- 

effective 3SM programs when mechanisms are in place t o  ensure DSM program cost 

recovery, 1 ost revenue recovery, or f i nanci a1 i ncent i ves . I' 

Assuming that the regulatory changes described above actual ly real ign a 

utility's financial incentives to correspond to its least-cost plan, then the 

-inst-i-l;u-tiona-l -inert.ia .that ~ ._ .- on 1 - y y  i n ac t i onVwou 1 d- be 6 
-E_. ..> -- 



only reason for utility inaction would be the institutiona 

sometimes exists in large organizations. Since the tradit 

framework has been in effect for so long, it may take some 
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onal regulatory 

time for utility 

company personnel to adjust their ways of thinking to new economic realities. 

Internal shifting o f  staff from power marketing to DSM program planning and 

implementation may be required. 

England Electric Company, John Rowe, put it best when he relayed the internal 

company reaction: 

The chief executive officer of the New 

"You know, now that our load growth is dropping, my vice 

His answer to 

e business we 

presidents are saying, can we stop this conservation crap now? 

them was simple: "NO, we can't. It's the single most profitab 

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 o f  the total resource cost test 

p lus  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), a l so  known as the no-losers test, introduces distortions to 



EKPC Request 1 
Page 22 of 24 

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 o f  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 least-cost and free 

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

As NREPC/Energy noted in our response to the PSC order o f  July 24, 1992, 

there are several strategies that can serve to minimize the distributional 

impacts of implementing a least-cast plan. These include: 

a) Offering a wide range o f  DSlY programs which allow most or all 

customers t o  participate if they choose; 

b) Minimizing program delivery costs by encouraging customers t o  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 indivjdual negotiated rates. 

18. Customer Participation in DSM Programs. 

NREPCIEnergy believes that customer participation in DSM programs should 
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Indeed, f o r  many such programs, there  is  no pract ical  way t o  be voluntary. 

require  customers t o  in s t a l l  energy conserving technologies o r  t o  keep them in 

operation once ins ta l led .  

I f  par t ic ipat ion is voluntary, DSM program costs should be recovered 

from a l l  ratepayers, not only program participants. 

cos t s  only t o  par t ic ipants  is t o  impose a stringent form o f  the ratepayer 

impact measure (RIM), which is inappropriate fo r  the reasons discussed in the 

response t o  Question 17. 

f r o m  a l l  ratepayers, n o t  just those whose demand i s  met by the pa r t i cu la r  

supply-sjde resource under consideration. 

demand-side investments t o  par t jc ipants  only would lead t o  the elimination o f  

numerous cost-effective DSM measures and would cause u t i 1  i t ies  t o  overinvest 

To a l loca te  DSM program 

Presently, supply-side investments a re  recovered 

To r e s t r i c t  the cost  recovery o f  

i n  supply-side resources and depart from their least-cost plans. 
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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 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 

Cupitulism: Creating the Nexl Industrial Revolution, the authors, Paul Hawken, Arnory 

Lovins, and L. Hunter Lovins cite the definition of waste developed by Taiiclii Ohno: 

“any human activity which absorbs resources but creates no value.” Because their 

discussion of the concept of waste is so instructive, illuminating and helpfd, I have 

attached a copy of pages 125-1 3 1 of their book below. patural Capitalism, 1999, Little, 

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

REQKJEST 3 

RESPONSIBLE PERSON: Geoffrey M. Young 

Request 3. 

Reference Page 8, L,ines 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 

iiidicates that approximately 55% of EKPC’s costs are variable (i.e., fuel and purchased 

power) and approximately 45% fixed. It indicates also that EK.PC’s average revenue per 

ltWh is approximately 7 cents. Applying these percentages implies that on average, each 

kWh that EKPC sells provides approxiinately 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 fiiel. 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 centslkwh 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 arid its average fuel cost. The operation of the FAC will 

allow EKPC to recover the difference between 10.0 cents and 3.9 cents, Le., 6.1 cents, by 

raising rates in a subsequent period. The final impact resulting from the sale of this 

incremental kW1i will be 6.1 cents - 3.0 cents = 3.1 cents. 

c) 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 ceiits/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 filial impact resulting from the sale of this 

incremental kWli 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 Staffs first information request 1 a.] 
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DATA REQXJEST 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 K.entucky, “Those DSM programs designed 

to sliifl 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. 2007-003 191 The 

attached pages copied from Volume 1 of that application describe the scope and 

effectiveness of E.CIN’s Residential and Commercial Load Management Program. 

Between 2001 and June 2007, E.ON has installed radio-controlled switches on over 

1 14,000 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 101 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 KIJ set a 

new combined system peak of 6,852 MW. During this peak, load control devices were 

activated and over 93 MW of deinarid was elimiriated from the peak.” [Ibid., page 201 

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 Coiiimercial Load Management 

Program is 6.7.5. These are the two highest-rated TRC results of all of E.ON’s DSM 

programs. [Ibid., page 81 
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pb. *DO+OS3(Y l-7 r’ ID A $ y / q  
Demand-Side Management Cost Recovery Mechanism @SMRM) 

The attached tariffs contain separate cost recovery mechanisms 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” fkom 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 quantifjmg 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 

Ldsted 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 I2 Appendix C. 

7 
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"Customer Education & Public 
Infomat ion 
"Dealer Referral Network 
"Program Development and 

Overall Portfolio 

---- 

Admin. 

I -71- 
Benefit/Cost Ratios 

n/a 0 

n/a 0 

n/a 0 

7.02 3.31 - 

Participants Utility Cost 1 Test 1 Test 

0.89 

4.19 1.37 I I Residential Conservation --- 

2.80 

Residential Load Management Infinity 2.67 

Res. Low Income Weatherization Infinity 0.81 
Commercial Load Management Infinity 4.52 - 

Commercial Conservation 

Residential High Efficiency 11.04 
.- 

Residential New Construction 
Residential HVAC Tune Up 7.66 
Commercial W A C  Tune U 20.32 2.04 

-_II_ 

0.61 r:- 
0.62 1.10 
0.53 - g -1-4- 

0 

Lmplementation of this program plan will require employment 01 aaclitionai 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 successfil 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. 

8 
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E.S.9.2 Annual Budget - Programs & Rate Class 

I I I I I .-I-- ._I I 25,856,558 25,344,059 26,491,306 I 25,863,068 I 26,564,836 I 25,877,939 1 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 

2.11 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" 011 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 1J.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. 

rogram 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 arid pool pumps 
under control. 

19 
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The current electric system sumrner 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 III 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 historicaIIy utilized the system an average of 1 1 days per year. 

- Year 
2003 11 
2004 7 
2005 16 
2006 10 

Number of control days 

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 
hnctionality 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 W A C  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 fiiture 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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Thermostats A/C 

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

Switches N C  

2.3 Participation Goals 

Cumul. 

11,700 

23,400 

35,100 

44,200 

53,300 

59,800 

65,000 

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 KIT customers. We propose 
to install load control devices according to the table below: 

Annual Cumul. 

6,300 6,300 

6,300 12,600 

6,300 18,900 

4,900 23,800 

4,900 28,700 

3,500 32,200 

2,800 35,000 

2.3.1 

Residential participation goals 

Switches N C  

Annual Cumul. 

-- 
280 280 

280 560 

280 840 

280 1,120 

245 1,365 

210 1.575 

175 1,750 

2008 

2009 

2010 

201 1 

201 2 

2013 

2014 

Total A/C Water Heaters 

Annual Cumul. Annual Cumul. 

800 800 

800 1,600 -__ 
800 2,400 

800 3,200 -- 
700 3,900 , 

600 4,500 

500 - 5,000 

Annual 

I 1,700 

11,700 

I 1,700 

9,100 

9,100 

6,500 

5,200 

Commercial participation goals 

2008 

2009 

2010 

201 I 

201 2 

2013 

2014 

Thermostals MC 

Annual Cumul. 

__________ 

520 

520 

520 

520 

455 

3 90 

325 -.- 

520 

1,040 

1,560 

2,080 

2,535 

2,925 

3,250 

Total A/C 

Annual , Cuniul. 

18,000 18,000 

18,000 36,000 

18,000 54,000 

14,000 68,000 

14,000 82,000 

10,000 92,000 

8,000 100,000 

Water Heaters - - 
Annual Cumul. 

___I_____ 
6,300 6,300 

6,300 12,600 

6,300 18,900 

4,900 23,800 

4,900 28,700 

3,500 32,200 

2800 ~ 35,000 A- 

-- 
Total Devices 

Annual , Cumul. 

24,300 24,300 

24,300 48,600 

24,300 72,900 

18,900 91,800 

18,900 I 10,700 

13,500 124,200 

10,800 135,000 

Total Devices 

Y Cumul' 

800 800 

800 1,600 

800 2,400 

800 3,200 

700 3,900 

600 4,500 

500 5,000 .- 

21 
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MWh 
MW- 
CCF 

2.3.2 Energy Impacts - Residential 

2008 2009 --I_ 2010 2011 2012 -. - 2013 2014 
4,802 9,605 14,407 18,142 21,877 24,545 26,679 

20 39.9 59.9 75.4 90.9 102 110.9 
284,000 576,000 851,000 1,071,000 1,292,000 1,449,000 1,575,000 
I______ 

2009 
427 
2.3 

25,000 

-____II 

2.3.3 Energy Impacts - Commercial 

2010 2011 2012 
640 854 1,040 
3.5 4.7 5.7 6.5 

38,000 50,000 - 61,000 71,000 79,000 = 13,000 

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 
far 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 Thennostat 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 $1 6 
per year for each air conditioner, and is split between the property owner and the tenant. 
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2.5 Pmplementation 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 20 14. 

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 &om 
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 Corn 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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- - -- 
Direct Program Labor $217,1 I O  I_ $223,377 $229,82c $236,467 $243,300 $250,332 s257,571 
OfficeSupplies8c Expenses $15,375 $15,683 $15,996 $16,316 $16,642 $16,975 $17,315 
Data Processing $50,000 $20,910 $21,328 $21,755 $22,190 $22,634 $23,086 
Advertising - $540,000- S540,OOO $630,000 $490,000 $560,000 $400,000 $320,000 
Outside Serviceslinstall $2,842,256 $2,908,629 $2,976,519 $2,569,505 $2,628,758 $7,193,649 $1,990,556 
Equipment $3,484,033 $3,5533 I3 $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 I $2,376,800 $2,553,200 $2,690,400 $2,827,600 $2,925,600 $3,004,000 
Market Research $30,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 
______I_ $80,000 $40,000 $80,000 $40,000 $80,000 $40,000 $80,000 Program Evaluation 
Switch to T-stat 

.Total Program Expenses $9,991,125 $10,247,157 $10,793,803 $9’;iiiZ,181 %10,241,082 $9,091,041 $8,661,803 

--- 
$146,000 $73,000 $73,000 $73,000 $73,000 $73,000 .-.Fj 

-- 

2.6 Program Budget 
~. _-___.I 

2008 2009 2010 201 1 2012 

r.6.2 Commercial I___. 

Demand Conservation - Commercial 
2009 2010 201 1 2012 2013 2008 

ASSUmptiQnS 
e 
e 

6)  

Q 

Program labor assumes 1.85 FTE 
Advertising expense is based on $30 per participant, increasing to $40 per participant 
over the course of the program 
Outside services provides for installation of switches at $75 each and thermostats at $80 
each plus $30k annual paging expenses 
Equipment cast based on $72/switch and $1781 thermostat plus testing equipment 
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e A switch maintenance component includes performing a quality assurance check on 10% 
of installed switches each year 

e 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 

a Existing “switch” customers will be charged a $40 fee to have the switch removed and 
change to the thermostat option 

25 



EKPC Request 5 
Page 1 of 4 

DATA REQUEST RESPONSES BY THE SIERRA CLIJB 

PSC CASE NO. 2006-00472 

EKPC’S FIRST DATA REQUEST DATED SIJLIY 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 K.entucky’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 quaiitify 

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 kWli. 

[Source: http://www.eia.doe.gov/oiaf/aeo/index.htrnl ] 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 

arid 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 Growt in Electricity Use 
Is Expected in All Sectors 
Fignwe 53. Arztanal electricity sules by sector, 
1980-2030 (billion kilocaatthours) 
2,500 - Iltslory 1'1 O J C C ~ L O I I ~  

Coal-Fired Power 
Largest Share of Electricity Supply 

Figure Ad. Electricity generution b y  fnel, 
2005 uiid 2030 (billion kilown&titoum) 
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Total electricity sales increase by 41 percent in the 
Al302007 reference case, from 3,660 billion ltilowatt- 
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 thc 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 €or 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 offket 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 

Coal-fired power plants (including utilities, independ- 
ent power producers, and end-use CHI?) 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 capaci1,y additions over Ihe next 
10 years are nat,ural-gas-fired plants, increasing the 
natural gas share to 22 percent and lowering tlie coal 
share to 49 percent in 2015. As 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 tlie 
nuclear share of total generation falls fi-om 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 AEO20117 projec- 
tions for capacity additions 

82 Energy Information Administration !Annual Energy Outlook 2007 
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Figarc? 55. Eleciricity generation capacity additions 
by file1 type, including combined heat and power, 
200(3-2030 (gigawrttts) 
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80 - 
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In the reference case, 292 gigawatts of new generat- 
iiig capacity (including end-use CHP) is required by 
2030 to meet growth in electricity rleniand and to re- 
place inefficient, older generating plants that are re- 
tired Capacity clecisioiis 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 5 5 )  Natural-gas-fired 
plants, which generally are the least expensive capac- 
ity to build but have comparatively high fhel costs, 
represent 36 percent of the projected additions. Re- 
newable and nuclear plants, which have high invest- 
irierit 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. 

Diffei-ent 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 costs are a larger share of total ex- 
penditures for new natural-gas-fired capacity, higher 
fuel prices lead to more coal-firer1 additions. In the 
econoniic growth cases, capacity additions range from 
191 gigawatts in the low growth case to 398 gigawatts 
in the high growth case, but with similar shares for 
the different generating technologies in both cases. 

Least Expensive 
Are Likely Choices for New Capacity 
Figure 56. L,cvelixed electricity costs for new plants, 
2015 and 2030 (2005 mills per kilowctltitoui-) 
80 - 

60 - 

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 56) [167]. The AE02007 ref- 
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 tinic (Table 161, at rates 
that depend on the current stage of developnient for 
each technology. For the newest technologies, capital 
costs are initially adjusted upward to reflect the opti- 
mism inherent in early estiinates of project costs. As 
project developers gain experience, the costs are as- 
sumecl 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 advaiiced combined 
cycle 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 ofprochciizg electricity 
from NL‘U’ plants, 2015 and 2030 

201 5 2030 
Aduunced 

Adonnced coin bined Adani~ced combined 
Aclvunced 

costs coal cycle coal cycle 

200.5 mills per kZloiuatfltour 
Camla1 :32 ($4 12.16 28 71 11 12 
Fllzfd 4 89 1.44 4 8.9 1.44 
Vuriuble 14 82 37.97 16 49 41.17 
Incremerilcil 
Dniismission 3 72 3 67 3 64 ,3 49 
Total 5G.07 55.24 53.7.7 57.22 

Energy Inforniation Adniinistra1.ion ! Annual Energy Outlook 2007 83 
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DATA REQUEST REISPONSES BY THE SIERRA CLUB 

PSC CASE NO. 2006-00472 

EKPC’S FIRST DATA REQUEST DATED JULY 25,2007 

REXWNSIBLE 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 1984? Please explain your response. 

Response 6. 

Yes. The coiiclusion I referred to above, to the effect that improved end-use 

efficiency is mucli 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 tlieir 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 transfoimed into a decrease. New coal-fired power plants would not be 

under coiistruction 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. Rase 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 REQIJEST 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, “MWli 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 nJLY 2§, 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” 

Reslponse 8. 

“Legitimate DSM program costs” are investments by EKPC and its meinber 

coops that contribute to the goals of helping custoiners save eiiergy 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 Iiidustrial 

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 investinents 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. I 

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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Geoffrey M. Young 

DATA REQIJEST RESPONSES BY THE SIERRA CLUB 

PSC CASE NO. 2006-00472 

EKPC’S FIRST DATA REQUEST DATED JULY 25,2007 

REQUEST 9 

RESPONSIBLE PERSON: 

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 3 6, you define an “environmentally sound 

generation technology’’ as “a generating technology tliat causes less environmental 

damage per delivered kWh than EKPC’s existing fleet of generating units.” 

Request 9a. 

How do you define “highly polluting generation tecluiologies”? 

Response 9a. 

Certain generation technologies are very likely to cause serious damage to human 

health and tlie environment simply as a result of tlie 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, I 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 tlie 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 techriology/fuel 

combinations would be to estimate the additional number of human deaths that are likely 

to occur preniaturely 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 

Roe1 Haminerschlag, “Small arid Clean Is Beautiful: Exploring the Emissions of 

Distributed Generation and Pollutioii Prevention Policies,” Electricity Journnl, 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 10% 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” tecliriology 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 

n the past few years, the propo- I 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, 
microturbines, and occasionally in 
quieter tones, the existing installed 
base of diesel generators' 

Proponents envision a future in 
which distributed generators are 
as ubiquitous as boilers. Home- 
owners and businesses would buy 
these small generators and have 
them installed just as they would 

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 
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 
Clinton administration to draft 
legislation calling for national 
interconnection standards. The 
$217 billion American market for 
electricity2 certainly provides a 

50 0 2000, Elsevier Science Inc., 1040-6190/00/$-see front matter PI1 S1040-6190(00)00118-4 The Electricity Journal 



strong motivation for distributed 
generation manufacturers to try to 
make their product ubiquitous. 

nfortunately, the family of U 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 
(ICEskare 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 h4W 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. 

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 cam- 
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 
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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 M w ,  the technologies 
we are concerned with are photo- 
voltaics, wind turbines, fuel cells, 
biomass, microturbines, and ICES 
fueled by natural gas or diesel. All 
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- P 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 
reaction at their core. Fuel cells 
technically need only hydrogen 

June 2000 0 2000, Elsevier Science Inc., 1040-6190/00/$-see front matter PI1 S1040-6190(00)00118-4 52 



and oxygen to operate, but for the 
foreseeable future, they will run on 
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. 

iomass is a catchall term that B 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 anima1 waste. However, hmda- 
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 regulate 
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. 

11. 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? 
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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 (SO2) 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 lbs/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. 

ome states regulate small gener- S 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 lbs / 
Mwh.8 

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. 

I 

111. Comparing Distributed 
a n d  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 (I'M-lo), CO, and NO,. 
These pollutants all exacerbate 
pulmonary conditions like 
asthma. CO is poisonous to 

humans at high concentrations. 
I'M-IO and NO, both play a role in 
smog formation. Regional impact 
pollutants include NO, and SO2. 
NO, contributes to nitrogen load- 
ing in water bodies. SO2 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 (CO,), which causes cli- 
mate change. 

General 1 y, the bes t-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 C02 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 l 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. 

T istration forecasts that the 
demand for electricity in the 

he Energy Information Admin- 
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United States is going to continue 
to expand during the next 20 
years.1° 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.12 

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 contxolled emissions 
because all new central generation 
plants are r e ~ l a t e d . ' ~  Again, the 
range of emissions presented here 
represents the difference between 
manufacturers' claims and field 
test data. 

ooking at each pollutant, we L can create three categories of 
environmental performance for 
distributed generators: (1) much 

better than a comxined 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 MWa 

Efficiency Emissions in Ib/MWhb 
Specific Cost YO At 

Device Type Fuel $/kWc HHVd CO, NO: SO: COe PM-10 

ICES 
ICE, stoicg 

ICE, LE9 
Microturbine 

Fuel cell 

Biomassh 
Photovoltaic 

Wind 

Diesel 
NG 

NG 
NG 

H from NG 

Gaslwood 

Sunlight 

Wind 

300-1,000 

300-1,000 
500-1,200 

650-850 
3,000-4,000 

tbd 
5,000-1 2,000 

850-3,500 

33-42 

33-42 
35-41 

22-30 

29-50 

30-41 
nla 

nla 

'1,300-1,700 
950-1,200 

980-1,100 

1,300-1,800 

800-1,400 
0-2,300' 

0 
0 

10-4'1 
18-53 

0.3-6.0 

0.2-1.4 

(0.05 
0.3-6.0 

0 
0 

0.4-3 

negl. 

negl. 
negl. 

0 
~ 0 . 3  

0 
0 

0.4-9 
'1 -6 
2-9 

0.3-1.8 

0.01 -0.1 2 
2-9 

0 
0 

0.4-3 
-0.6 

-0.6 
>0.03 

negl. 

0.6-4 
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 .O negl. 0.05-1.1 0.03-0.3 

a Data 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 
bAll values are rounded to one or two significant figures. 

*Percent efficiency, measured with respect to the fuel's higher heating value. 
ECombustion can often be tuned for either low NO, or low CO emissions, thus it is unlikely that uncontrolled combustion equipment will achieve the low end of the ranges pre- 
sented for both these pollutants. 
'Sulfur is present in natural gas at 0.0006 percent, but is assumed to be 0 for fuel cells due to filtering. Sulfur in diesel is assumed to range from 500 ppm for road fuel to 3000 
ppm for nonroad fuel. 
a ICE, internal combustion engine; LE, tuned for low emissions; Stoic, stoichiometric, which is the standard tuning. 
hB8iomass ranges are equal to those for a LE ICE extended as appropriate to include emission levels from fluidized-bed combustion of dry wood. 
' 0  is the theoretical minimum when accounting for fully renewable biomass. 
j Central generation reference condition. >lo0 MW new combined-cycle natural gas turbine with at least steam-injection NO, control 

rat of distributed generation equipment does not include emissions controls. 
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I c02 so2 NOx CQ PM-10 I 
Photovoltaic 

Wind 

Fuel Cells 

Microturbine 

Biomass 

ICE, NG (LE) 

ICE, NG 

ICE, Diesel 

Much worse than a 0 Much better than a I 0 combined cycle gas lurbine c> ~ ~ ~ ~ ~ ~ ~ y ~ ~ g a s  turbine 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 
obviops. While microturbines have 
been touted as a new and cleaner 
technology, they are similar to a 
miniaturized simple-cycle turbine, 
so it should be no surprise that 
their emissions are not an 
improvement over full-scale com- 
bined-cycle turbines. 

iomass and fuel cells fall into B an interesting middle group- 
ing, though for different reasons. 
Fuel cells are generally much 
cleaner than combined cycle plants 
with the notable exception of CQ. 
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- 
a n t ~ . ' ~  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. 

70% 

60% 

50% 

40% 
x 0 K 

0 
a, 

u1 
E 30% 

20% 

10% 

0% 

Generatian Can Have 
a Large Environmental 
Impact 

A. Efficiency of Scale 

Larger versions of any particu- 
lar type of generator tend to 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. 

igure 2 presents the relation- F ship between efficiency and 
size for a range of fossil fuel tech- 
nologies. Efficiency of scale is a 
factor for nearly every technol- 
ogy a~ai1able.l~ Indeed, the effi- 
ciencies tend to ramp down espe- 
cially steeply at the smallest 
available sizes. 

1 

Steam Turbine 

I I I I I I 

10 100 i ,000 1 0,000 1 00,000 1 ,OOQ,OOO 
Scale (kW) 

Combined Cyde GasTufbine (CCGT) 0 Molten Carbon Fuel Cell (MCFC) 
c] Combustion Turbine (CT) 

Notlheost.MidWes1 INI!LUIe (1999) 

[c1 Proton Exchange Membrane Fuel Cell (PEMFC) 
Diesel Engine Steam Turbine 

Figure 2 Efficiency versus Size for Seven Technologies 
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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 

Proximity to load can also work against it. 

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. DisMbution 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.16 

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- 
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 (CHI') 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 COz emissions rates from 
1,075 to 660 lb / MWh.17 Indeed, 
to date most commercial installa- 
tions of fuel cells have been CHI' 
applications. Given the high ini- 
tial cost of fuel cells, making use 
of CHP can improve their overall 
economics. 

rom an environmental per- F spective, combined heat and 
power applications should be 
encouraged for all generation tech- 

nologies including central genera- 
tion, which can be collocated with 
major commercial or industrial 
centers. In fact, CHI' 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.18 Nevertheless, the benefits of 
CHP make these challenges well 
worth tackIing.lg 

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.2O Partictilate con- 

trols are available as well. Small- 

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. 

reater line losses will be G 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 
generatioh 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 

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. 

egulators would do well to R 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 Rallard's The cert$cation status must be displayed on the nameplafe. 
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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 (eg., lbs./MWh) to 
encourage efficiency. 

8. Building Energy Codes 

Given that so much of the actual 
in-operation 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 

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. 

dvances in automated moni- A 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 microtun- 
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 startirig 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. 

Endnotes: 

1. See, for example, Existing Emergency 
Power Can Avert Blackouts: Trigen CEO, 
Dow Jones News Service, Aug. 2,1999. 

lune 2000 0 2000, Elsevier Science Inc., 1040-6190/M)/$-see front matter PI1 S1040-6190(00)00118-4 59 
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2. U.S. DEPARTMENT OF ENERGY, ENERGY 
INFORMATION ADMINISTRATION, EL EC- 

TRIC POWER ANNUAL 1998, Vol. I, Table 1. 

3. Based on data from Energy Informa- 
tion Administration, srrprn note 2, EPA 
National Air Pollutant Emission Update 
1990-1997, and emission values from 
this paper. 

4. Northern Research & Engineering 
Corp.'s NREC Nnus, Vol. 13, No. 1, fall 
1999, at 7. 

5.40 Code of Federal Regulations Part 
60, Subparts Da, Db, Dc, and GG. 

6.40 Code of Federal Regulations Part 70. 

7. New York State Code of Regulations 
Part 201-3. 

8. South Coast Air Quality Management 
District Rule Book, sections 1110.1, 
1110.2, and others. Emissions rates were 
converted from ppm assuming a 40 per- 
cent efficient diesel engine. Interestingly, 
SCAQMD regulates engines and large 
turbines (Section 1134 and Rule 219) but 
currently does not cover turbines below 
200 kW (Le., microturbines). 

9. EPA National Air Quality and Emis- 
sions Trends Report, 1997, Ch. 2. 

10. U.S. DOE, ENERGY INFORMATION 
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 hiel 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 Bom the system. 

18. See Woody Delp et nl., Field Zizvestign- 
tioiz of Ducf System Perforiiinnce in Cnlijor- 
nin Light Conimercinl Buildings, ASHRAE 
Transactions 1998, Vol. 104, Part 2; and 
D. Jump, I. Walker, and M.P. Modera, 
Field Mensiirenieirts of Eficienci~ nird Duct 
Retrofit Eflectiveness i ir  Resideirfinl Forced 
Air Distribution Systems, Proceedings, 
American Council for an Energy- 
Efficient Economy, Summer Study, 1996. 

19. The US. 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 Techtrologj 
for Stntioirnry Ziztertrnl Conrbrtsfion Engiizes, 
J d y  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 0 2000, Elsevier Science Inc., 1040-6190/00/$-see front matter PI1 SlO40-6190(00)00118-4 The Elecfricify journal 

http://www.eia.doe.gov
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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 

ltWh? 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 emissiondltwh 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 enviroivneiital benefit 

to the public. 

Request 9d. 

What is the legal basis for your proposed price discrimination anioiig QF 

technologies? How is your proposal consistent with the Kentucky statutory requirement, 

cited by you at page 27, lilies 2 1-22, that QF rates shall be “nondiscriminatory”? 

Response 9d. 

There are inany examples from all over the TJnited States of state legislatures and 

public utility coiiiinissions enacting preferential laws, orders and policies to promote the 

growth of certain teclmologies for enviroimeiital 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 Staffs 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


EKPC Request 9 
Page 16 of 16 

public, and the enviroiment. To claini that the Commission may not legally consider the 

different enviroixnental inipacts 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 Coinmission 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” 

caimot 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 nondiscriinination among competing technologies would be to take 

account of the “external” costs that each technology imposes on the general public. 

Highly-polluting teclmologies that impose large external costs on the public would 

receive propoi-tionally 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 Staffs 

inforination 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.) 

ResDonse 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 1 17- 

1 33. There should be sufficient quantitative inforination 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 higlily 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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lead time, and will be even greater to the 
extent that large resources also take longer 
to build. 

i 
i 

! 

I 

I 

Chapman and Ward ( 1  I51 correctly note that 
power planning takes place within ”three 
separate planning horizons and proce~ses”~ 
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: 

* the short-term open7fionnl scale of keeping 
the grid stable, supply and deliverability 
robust, and the lights on, ranging from 
real-time dispatch to annuai mainte- 
nance scheduling; 

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 (3 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? Common sense says yes, and sug- 
gests three main kinds of benefits: reducing 
the forecnstiizg risk caused by the unavoidable 
uncertainty of future demand; reducing the 
fitinticid risk caused directly by larger instal- 
lations’ longer construction periods; and 
reducing the risk of teclitiolocyical or replntory 
obsolescence. Let us consider these in turn. 

* the keciium-term ylnntzit7g scale of 
keeping supply and demand in balance 
Over the years through a flexible strategy 
of resource acquisition, conversion, 
movement, trading, renovation, and 
retirement; and 

* the long-term ziisiuizniy 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 
iinfolding future. 

2.2.2.1 Forecasting risk 

Nearly twenty years ago, M.F. 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- 
ply must also increase.” ‘901 Longer lead 
time actually incurs a double penalty: it 

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

increases the uncertainty of demand fore- 
casts by having to look further ahead, nizd it ’ They add that “Additional (four 

o1 might be use- 
ing tradeoffs between them. We therefore increases the penalty per unit of uncertainty fully explored but fewer than 

three wil l cause difficulties ’ 
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Shorter lead time further reduces forecasting errors and associated financial risks by reducing errors' amplification 
with the passage of time. 

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. 

Smaller, faster modules can be built on a 'pay-as-you-go" basis with less financial strain, reducing the builderk 
financial risk and hence cost of capital. 

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. 

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. 

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. 

llsing short-lead-time plants reduces the risk of a "death spiral" of rising tariffs and stagnating demand. 

by making potential forecasting errors larger 
and inore consequential. As Lilrjiiless Week 
put it in 1980 , "IJtilities c~re becoming 
wary of projects with long lead times; by the 
time the plant is finished, demand could be 
much lower thm 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, wlieii the power industry 
consistently overestimated demand growth 
while lead times for large new generating 
plants became longer and more uncertain, 
tlie cost of capital soared, and utilities ~ised 
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 
sinaller scale projects, with shorter lead 
times and less exposure to economic and 
financial risks." Specifically : 

* An autumn 1978 €my/ Daily review 

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

of data collected by the Edison 

Snail Is Piulilnble lis! liiilden fcununiii: Lii!neliis 01 Ihkinu tleriiical Resoiiices llie Righl Siit 
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2 2  SYSTEM PLANNING Part Two BENEFITS OF DlSTRlEUTEO RESOURCES 

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-lead- 
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 generatorAs 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 US .  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 nl. (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 deinaiid 
nizcerfaiizfy mid short lead tiiizes favor snza12 
generating units, with their synergistic eflecfs 
being the iizosf iinportaiit 

The mechanisms of that synergy become 
more visible when one looks more closely 
into the details of dem?nd 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, 
2s, and 3x-are equally probable). The 
right-hand graph shows in the first case, 

'I For example 9, , a RAND multiple-regression analysis by William Mooz found a correlation equivalent to -3 5 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. foiind that a doubling of nuclear unit size wodd  increase construction time 
by 28% (Komanoffs 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 
analysis cited 8 1 ,  ' 

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 " 
using an EPRl 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 

Small Is Proliiable The Hidden Economic ienelils 01 Making ~ l e c i r i c a l  Resources the Right Siie II 
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for instance, that a hrge unit is justifiable a t  

full cost as tlie first unit to be built, bu t  

must be 10'lc> clie,iper than the small p l m t  to 

be the right choice as the second mii t, and 
.40"c1 ihe,ipei- as the third unit. 

_ _  - - _ _  ______ _ _  - - _- - _ _  - 

Figure 2-2: Uncertain demand imposes stringent cost tests on 
slow-to-build resources 
Long- lead- t ime p o w e r  s tat ions m u s t  be f a r  cheaper  t h a n  ha lved- lead- t ime smal le r  
iinits i n  o r d e r  t o  be an e c o n o m i c a l  w a y  to keep on meet ing  chang ing  demand  
(unless, perhaps, demand  g r o w t h  is ltnown to be acce le ra t i ng )  

- _ __ __ __ __ - __ __ -- - -__ - - - - __ - - - 
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Thus continuing to build large plants 

requires them to he built &it an  iiicreasiii,qlj, 

steep cost d i sco~mt  cl\.eii if cteinaiid groii-th 
is steady ( the  first i<?se); is unlikely to be tlie 
riglit strntrgy if demand fluctuates marke~t -  
1)- ( the second case) or deinaiid groii.tli 

tapers off' ( the third case); and ma!- be justi- 

fiable it' demand grot\ t11 is definitely ~ n d  

Page 6 of 19 

i.ina1 terably accelemting ( the fonrtli case). 
This comparison-focusiii~ only on a specif- 

ic kind of i n \ w t m e n t  risk, a n d  not taking 
Jccount of se\-era1 itozcn other effects of 
scale on economics-is of course a simpli- 

fied illustration of planning choices that 

could be simulatecl more elciborately, typi- 

cally hy a Monte C'~rlo coinputer analysis. 

But simple tliougli it is, the example starkly 

illustrates the iisks of o\-erreliaiice CXI long- 
l e d t i i n e  plmts 1vIieii deinand is uncertain: 

in the miitdle two cases, the third hrge unit  

could be justified oiil>- i f  it were JoirifOld 
i l r e o p ~ ~  than tlie competing small, lial\wi- 
1e;ld-time unit. The authors conclude : 

In suminarp: i f  too  man^ large, long-lead- 
tiine units ale built, they i7Ie lilt el^. tC7 o\ er- 
5 h m t  deiimid" Poyiiig for that idle capacit!. 

~ t , i l l  then raise electi-icitv p i  ices, iurtliei 

tianipening clem~nit  gri>m th or  c\ en 
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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, 67 1 ). 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 f laws 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 resources help avoid capacity and price overshoot 
Short-lead-time plants help to avoid excessive reserve margins and tariffs under 
uncertain demand. 

0 1  I I I I I 
1976 1986 1996 2006 2016 2026 

iource: A Ford and A Youngblood. Simulating the Planning Advantages 01 Shorter Lead l ime  Generating Technologies" 
Energy Systems and Policy 6. 1982). p 360. figs 7 and 8 

'' The EPRl 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 he 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 i t  in ways that wi l l  hedge the risk For further comparative discussion of conflicting studies, see l ? l Y  

Small Is Prolaable Ihe llidden kconumic Benelils 01 lakino fleciriral Resouices Ihe Riuhl Siie II 
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There are four reasons t o r  this: 

0 operating slioit-le;td-time, l~~\~vei~-tlierm~il- 
efficiency, lt)\,\.-c;ipit;il-cost stopgap plants 
(such as combustion turbines fiieled with 
petroleum distillcite or  natural gas) inore 
than expected, aiid paying tlieir fuel-cost 
penalty, is cheaper t h i  piyiiig tlie car- 
rying cliarges on giant, high-capital-cost 
power plants that are standing idle;" 

0 even if this rxeans having to build new 
slmrt-lead-time powei stations such JS 
combustion turbines, tlieir shorter fore- 
casting liorizon greatly increases the cer- 
tainty thcit they'll actually be needed, 
red~icing tlie investment's "dry-liole" risk; 

0 smaller, faster modules will strain a 
utility's tinaniial  capacity far less (for 
example, adding inie more unit to 100 
similar small ones, rather than tc two sim- 
ilar big ones, cniises an incremental capi- 
talization burden of l'h, not 33%)); and 

0 short-led-time plmts c'in he built 
n i o d u h r l y  in smaller blocks , , 
m'ltclling need niore e\act1y. 

I 

! 
This last point is so ob\ ious that i t  is often 
o \ ~ r l o o k e d .  big, "lumpy" capxity additiitiis 
/ J I ~ v ~ J . / [ I ~ / I /  o\'ersho(>t tie11ia1id (ahelit ~ ~ O S S  

Lindertorei'istiiig of rapidly gimviiig 
ileiiiancl), lea\ iiig substantial miounts of 
tlie newly addeii capacity idle until rtemand 
c m  "grcw into it" (Figure 2-4).'.' 

T ~ U S  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 exseeds actual loxl; md o\:erbi.iilt 
capacity that rt:mains idle. Both curves 
maintain sufficient capacity to serve tlie 

ule strategy does so more exactly in both 

I 

aticnlly grcnving load, but the small-mod- 

_. . ._ - __ - - - - - - . - - - - . - - - - - - - ___ - __ - - - - - - - 
Figure 2-4: Slow, lumpy capacity overshoots demand in three ways 
The y e l l o w  areas  s h o w  the  extra c a p a c i t y  tha t  big, lumpy uni ts  requ i re  to h e  insta l led he fore  t h e y  c a n  b e  used 

~ Smal l  d is t r ibuted-generat ion (DG) modu les  don't  overshoot  much ,  t h e y  c a n  he added  m o r e  c losely  i n  step w i t h  
demand  The b lue areas  s h o w  the  extra cons t ruc t i on  and f i nanc ing  time requ i red  by  the longer - lead- t ime 
cen t ra l  un i ts  

_.__ ___ __ - __ __ -- - - - - - . - - - - -  - 

- Capacity. large soiirci-s ' ,' 
'\ ,.. ~ , / I  

Install DG souice - - - Capacity: DG sources 

-+ Time 
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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 
c a s e i f  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 hill capacity uti- 
lization is proportional to: 

T(d - C) 

where d is the [positive] real discount rate, 
c is the real rate at which capacity cost esca- 
lates, and Tis years between investments. 
This approximation yielded reasonable 
agreement with PG&E's estimate (5  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- 

Small Is PiolilaBle Ihe Hidden tconomic Benelils 01 Making tlecliical Resources ihe Righi Siie 

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 $5,00O/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.I5 Avoiding 
the risk of the "death spiral" is an impor- 
tant potential benefit. 

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

Econometric studies collected 
by Ford and Youngblood (2481 
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 larger than unity 
can lead to trouble, many of the 
values cited. including most of 
the industrial ones. are in this 
range (An elasticity of -1 5 
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- 
rim" typically refers to a period 
of years 1 

II 
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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 i t  (?-"I I ) ,  and needing i t  over a shorter construction peri- 
od (frl lj-can be triply multiplicative This can in turn improve the enterprise's financial performance, gaining i t  access 
to still cheaper capital. This is tlie 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 
developer's financial indicators, raising its cost of capital and making i t  even less competitive. 

For iitilities 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 cash flow, improving 
financial indicators and hence reducing the cost of capital 

Shorter-lead-time plants can also improve cash f low 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 (,*I61 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 tlie 
developer3 capability, reducing tlie perceived risk of subsequent units and hence the cost of capital to build tliem 

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

Shorter lead time and smaller iinit size may decrease the incentive, and the bargaining power, of some workers or 
unions whose critical skills may otherwise give tliem 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 tliem for regulatory exemptions or streamlined approvals processes, 
further reducing constructioii time and hence financing costs. 

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

I 

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

i 

,,' 

- I  



EKPC Request 10 
Page 11 of 19 

- 
12 2 SYSTEM PUNN~NG Part Two: BENEFITS OF DlSTRlWTED RESOURCES ___ 

2.2.2.2 Financial risk 

For a11 the reasons described in Section 
2.2.2.1, shorter lead time and smaller, more 
modular capacity additions can reduce the 
builder’s financial risk and hence market 
cost of capital (371,417--81. But there are even 
more causes for the same conclusion (6751: 

1. Shorter lead time means less accumula- 
tion of AFIJDC, a lower absolute and 
fractional burden of interest payments 
during construction ( 1401, higher-quality 
earnings that reflect more cash and less 
fictitious ”regulatory IOIJ” book income, 
and lower cost escalation during the con- 
Struction interval (384, 4931. One manifes- 
tation of these effects is that with highly 
modular projects, the developer ”only 
needs enough working capital to finance 
one segment at a time. Once the first seg- 
meiit is completed, the unit can be fully 
financed, and the proceeds used to 
finance the next segment” (Figure 2-5). 

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. 

Figure 2-5: Modular plants reduce need for working capital 
Modular plants can need 10+ times less working capital than lumpy plants, reduc- 
ing default risk and perhaps therefore the modular units’ cost of capital. 

Time 

iource: T E Huff and C Herig. Tlie Virtual Utility Accounting. Technology and Conipermve Aspects o l  Emerging Industry 
Kluwer Academic Press, 19971. p 26. fig 9 

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 
“reguiatory IOU” by permitting utiiities to reflect on their books a fictitious, noncash income item representing the costof capital (both 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 CWlP (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 to  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: 

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; 

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. 

0 

* 

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. 

Small Is Prolitable The Hidden tconomic Oeneliis 01 lakin! tlecirical Aesources Ihe Riuhi Sile 
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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. 

3. Shorter lead time means that units get 
into the rate base16 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 (3171, 
with an example of a 500-MW plant built 
in one segment over five years us. 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. 
LJsing 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 (e"" - l ) /Ld,  where L 
is the number of years it takes to com- 
plete the nonmodular plant and d is the 
annual real discount rate (3 17). 

4. 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. 

5. 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 

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 to pro- 
vide "used and useful'' assets 
The "rate base" 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 i t  starts 
earning returns 

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. 
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;ource: 7 E Holf and C Herig. The Vilirtual Ufrhfy Accounhng, Teeclmology and Competitive Aspecfs of Emerging Indusfryll9971. p 22, lig 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). 

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 
LJS. nuclear power plants. 

Smaller plants may have less obtrusive 
siting impacts (250). This can avoid the 
vicious circle, pointed out by K.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. 

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, they 
inverted the calculation: Rather than model- 
ing longer-lead-time plants as riskier or 

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 (2451, 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 t h e e  
tiines as much per kW; and that a 2.5-year 
lead time (analyzed only for SCE) would 
justify paying izenrlyfiue tinzes 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 ach ieve  t h e  same f inanc ia l  p e r f o r m a n c e  and risk, p o w e r  p lan ts  with severa l fo ld  
shor te r  lead  t ime  c a n  c o m p e t e  even  a t  severa l fo ld  h ighe r  cons t ruc t i on  cos ts .  

cost/kW justified 
to achieve the same 
financial objectives 

Sutherland et a/.  (1985). 

0 2 5  5 7.5 10 12.5 15 

Lead time of competing plant (years) 

ource. W R Meade and 0 F Teitelbaum. A Guide to Renewable Energy and Least Cost Planning" flnlerstate Soiar 
oordinalion Council. 1989L p 11. ex 8; R J Sutherland e r a / .  The Future Market for Electric Generating Capacity Technical 
locumentation" lLos Alamos 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: R J Sutherland et a / ,  "The Future Market for Electric Generating Capaciw: Technical Oocurnentalion" (Los Alamos 
Uational Laboratory. 19851. 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 ziizdeistates 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 34-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 lnrger 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 

US. utilities have lately been investing 
more than twice as much on grid as on 
generating assets. As recently as 1978, 
during the nuclear boom, US. 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. 

j o t m e :  EEI (Edisan Electric Inslilutel, Staristical Review oirhe Elecrnc Power 
fndustry 2001 IEEI. 20021 

released a closed-form analytic solution (31 5) 
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 1O%/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- 
inore fully explained by Hoff (31 5)-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. 

Small Is Pioliiible ihe llidden tconomic Benelirs 01 Making ileriricai Resounces !he Righl She 

Hoff's analytic approach (3  15) 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 1O%/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 $2,00O/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-vdiied cost is lozuer 
($24 iizillioii) f o r  the PV flzaizfor the grid- 
eqmnsioiz ($25 niillion) choicr, em1  thoiigli per 

W the PV choice is f our  tiiiies 17s 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 unfolding 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 (ram Eq 5 6  in T E Hull, ‘Using Dimbuied Resources to Manage Risks Caused by Demand Unceriainty” 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 coiztiizires all the zvny dozoii to zero 
lend 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 (31 1 ): 

where 

E = expected present-value cost 

I = total investment cost of all plant 
increments 

L = 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 
nlso 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 (31 1 If that contin- 
ues, then ”PV could have a current price of 
more than $6,00O/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 $4,00O/kW).” 
(31 1 )  
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In fact, the Sacramento Municipal Utility 
District's turnkey bid price for complete res- 
idential PV systems was $5,06O/kW in 1998, 
$3,95O/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 nlrendy 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 arunual 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 
zoitlz the same i i i i i t  cnpitnl 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 becacse it 
has excess capacity until load growth catches 
up, as illustrated earlier in Figure 2-4. This 
calculation, however, is not as flexible and 

Small Is Prolitable The Hidden tconomic Benelits 01 Making tleclfical Resources Ihe Right Siie 

Table 2-1: Smaller can cost more but can make more money 
Net -p resen t -va lue  i nc rease  i n  benef i t  ( p e r c e n t )  of a smal l  r e s o u r c e  with a 1-year  
l e a d  t ime, c o m p a r e d  t o  a l a r g e  resource  w h o s e  inc remen ta l  capac i t y  is t h e  "size 
ra t io"  t i m e s  annua l  i nc remen ta l  l o a d  Growth.  

Size ratio 
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33% 
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65% 
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34% 
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53% 
60% 
66% 
73% 
81% 

Source J N Swisher, 'Cleaner Energy Greener Profits Fuel Cells as Cost-Effective Distributed Energy Resources" 
(RMI, 20021 w rrnr org/sitepages/pidlll php 

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 rmlitary 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 
restruckring by making more acutely visible 
the spread between cheap new power and 
costly old power. What might happen next? 
Mature backpressure hlrbines, new rnicrotur- 
bines, and emerging fuel cells promise still 
cheaper power (1341, 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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24 
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Small units with short lead times reduce the risk of buying a technology that is or becomes obsolete even before its 
installed, or soon thereattes 

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. 

Lessons 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 be far simpler, not requiring an expensively scarce level of construction 
management talent. 

Faster construction means less workforce turnover; less retraining, and mare 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 
cbsts 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- 
assembhg structures, synthetic organic mol- 
ecules, or chlorophyll analogs. Many other 
technologcal surprises are increasingly likely 
as more and smarter technologes 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 

obsoIete 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 defuution 
unknowable. Yet that value feahrres promi- 
nently in the thinking of strategists in such 
industries as telecommunications and &or- 
mation systems. It should be no less a core 
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element of strateqc 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 modem and agile 
rnanufacturing techniques, lughly 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 

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 inore each one 
costs-for reasons fiindamental 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 
process often unpredictable in detail 
(though often rather predictable in general 
trend), and hence a source of risk just as 

Business Week 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 
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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 

REQIJEST 11 

RESPONSIBLE PERSON: Geoffrey M. Young 

Request 11. 

On page 40, lines 9- 1 1, you state that “if decoupling/SR is not implemented, 

EKPC will continue to be punished financially if it helps its ultiniate 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 

sinall power producers. 

Response 11. 

In the summer of 2005, I perfoiined a spreadsheet-based analysis of the financial 

impacts of statistical recoupling (SR) under a range of scenarios. The analysis was 

presented in a inemo dated August 5 ,  2005, to Jason Rentley, who at that tirile was the 

Executive Director of the Kentucky Office of Energy Policy. I had had one iiieeting with 

liini 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 

rrtllerno is included below. 

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

envisions the installation of a 1 SO-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 ratemakiiig 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 enhancernent 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 

7-0: 

COPIES TO: 

FROM: 

DATE: 

SIJRJECT: 

Jason Bentley, Executive Director 
Office of Energy Policy 

Bob Amato. Steve Boyce, John Davies, Andy McDonald, Ben Perry, 
Richard Raff, Jeff Shaw, Wade Helm, Ray Barry, Toni Fitzgerald, 
LaJuana Wilcher 

Geoff Young 
Sierra Club 

August 5,2005 

Estimated impacts of rateriiaking reforms for energy efficiency 

The inost important question that you and PSC staff nieiiibers have raised about statistical 
recoupling (SR) is whether the impacts on customers’ rates would be excessively high. 
‘The piirpose of this memo is to present a simple haiicial spreadsheet, based on the work 
of Eric FIirst, that enables one to estimate impacts that would occur under a range of . 
different assumptions. I used the spreadsheet to show tlie effects of implementing: 
a) SR without demand-side management (DSM) programs; 
b) SR plus DSM programs; and 
c) SR plus a cogeneration facility installed by an industrial firm. 

Background: Kentuckv’s experience with decoupling 

Before descri biiig the spreadsheet aitd scenarios, however, it may be helpful to address 
one of the other questions that arose during our discussion about LGSZE’s experiencc 
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? 

1 looked up the residential custonier tariff that had been in effect in  LC;&E‘s service 
territory during the period from I994 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- 
ntonth period, the utility’s non-variable revenue requirement (i.e.. the total revenue less 
variable costs) that had been approved for tlie Residential Rate R in LG&E’s most recent 
general rate case was adjusted to reflect changes in the number ofcustoiners and the 
usage per customer, as follows: 

( 1 )  the allowable revenue was made proportional to the number ofcustomers, so if the 
Jiulilber 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 assuniption 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 autoinatic 
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 rateniaking 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 tJLH&P in I994 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 raternaking formulas convey to utility company 
executives. 

Decouplinrr Options 

In his report, “Statisiicd Recoupling: A New Way To Break the Link Behwen Elecfric- 
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 
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and energy use per customer increases. Conversely, if the weather is mild and energy use 
falls, during the next period the decoupling forrriula 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 I O  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 ofelectricity, 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 niodel’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. Zhid”, 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 
from 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.” Ihid., p.53. 
It should be noted that a disagreement about the proper rnagnitude 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 
Jozirnnl, 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. Ovcr 
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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IPMVP is provided by Satish K.umar, “Measurement and Verification of Energy 
Savings,” Energy IJser News, December 8,2000. 

Implementjng the Necessary Rateniaking 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- 
consuniing 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 17SC Section 2621(8). which states that public service commissions should set rates so 
that investments in DSM are at least as profitable as iiivestments 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 comnients on energy efficiency and utility regulatory reform: 

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

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

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

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

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

0 All parties can benefit significantly by working together to reduce waste. 
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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 I 990, 199 1 and 1 992. A linear regression using 
aggregated data for all customer classes yielded the following preferred formula: 

Total electricity w e  (GWWquarter) = 

-564 (a constant) 
+ 0.00660 * the number of customers 
+ 0.1 13 * the number of heating degree days 
+ 0.347 * the iiuniber 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. ( I h i d ,  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 therehre 
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 199 1 retail price froni 
$.OS36 to $.0542 per kWli. 

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 froin $.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 
$1 0 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 Jf Ctrstomera 
Matter. Urility Incentives to Arect Load Growth, January 1993, Land and Water Fund o€ 
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. 
2003-0043 3 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. (Zhid., p. 8) 

The hypothetical 3-year DSM program they analyzed had the following characteristics: 
It  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. 
It has a conservation load factor of 50%. 
It reduces energy use by 88 GWh in the first yeah 13 1 GWh more in the second, 
and 175 GWh more in the third year, for a curnulative energy reduction of 394 
GWh per year (in the third year) and a cumulative total of 701 GWh saved over 
the three-year period. 
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. 
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. 

( Ihid,  pp. 43-46) 

I fed this DSM-related information into the spreadsheet I had developed based on Hirst’s 
report, “Stntis/ical Recoupling: A New Way To Breuk the Link Between Electric- Utility 
Sdes nnd 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 
L,G&E, K U  and IJLH&P to recover DSM prograni 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/kWh in the first year, 0.38 cents/kWh in the second, and 
0.52 cents/kWh in the third year. Ry 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 1 50-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 finn - the “financial barriers” I referred to above - but for purposes of this 
example 1 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 econoniic 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 ofthis 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 iiiiplement the Federal law that states that the 
utility’s lowest-cost plan should also be its most profitable plan. 

3 .  Some form ofdecoupling is necessary to remove the perverse incentives from the 
traditional system of setting rates. The most advantageous form of decouplirig 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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