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PREfACE1 

This report is th{1 technical appendix of an LBL study entitled "Evaluation Methods in 
Competitive Bidding for Electric Power," LBL-26924, 

The technical appendices provide a detailed discussion of methods that can be used to 
measure and value various non-price factors in procuring electric power. 



Appendix A 

' 
Evaluation of Front-Loaded Bids in Competitive Auctions 

Privat~ sugplier& of electricity that particip~t~ in oomp~tltlve auctions must &pecify a 
multi-year pri<;:~ tqtjectory. It may b~ pe~fr~bll:f for some bidder& to prc;>pose price& that exceed 
the buyer's estimat~ o~ va).ue in th~ short run, but. still offer S\}bstantiallong run benefits. Prices 
of this kind are calle(l "front lc;>~ded,'' Frop1 the b\lyer'& perspective, bids which we front loaded 
are somewhat un<;lesirabJe. They impos~ up<m the buyer t\le risk that the long run benefits will 
not materi~ize if W<r !iUp_plit~r renni~f!t~s qe!ivefiY rwe-.w~turely. Fi~ure A-1 is a s\mple illustra
tion of this situ~tion. In this example, the bid _price is fixed at a given level over the long term. 
The fixecl pric~ b~d ~~ Jess than ~e leye~iz<r9 avoided cost pf the utility over the same period. In 
the short f4n, however, the ptilify ov~r pays and incurs som~ financial expospre. 

:private s~pplie;r~ have ((ntere<;l ~ntparraqgemeqts wit4 ufilities similar to fi~ure A-J before 
the onset of GQtnPefitive biddtl)g. V~pally the Wiving f~rqe behipd front loadin~ is the tinanciqg 
requirements assqciated with capital intensive te9nnologi~s. These problems and som~ ap hoc 
methods of accounting for tQem have been, despqbed elsewhere (Kahn, 1988 ch. 6). With the 
advent of multi-attribute evaluation system~ to select private suppliers through competitive bid
ding, rational methods for assessin~ bid features such as front loading are required. In this 
appendix, we develop a model to evaluate front-loaded bids, which we call the implicit loan (IL) 
method. In this mqpel, w~ yiew front-loading to be a loan from buyer to seller. 'TQ.is notion, 
which has been suggested informally in tqe pa&t, is furm;llized and made the basis for an explicit 
analyti~ eval1,1ation method. 

1. Front-Loading a~ a Loan . 

We begin qualitatively by considering two bids that have the sam~ present value as the 
utility's avoided cost. The only difference between the bips is that one is front-lpaded. The first 
bid, we call it the neu1J"al one, is equal at every point tc;> the utilfty' s avoided cost stream. ·We 
believe that the other bid, which is front-loaded, is worse than the neutral bid. Let us separate 
the front-loaded bid into two parts. Part A is equal to the neutral bid at every point. Part B is 
just the d~fference between the neutral stream and th~ front-loaded bid. It is Part B which looks 
like a loan; negative cash flow ill th~ early years followed by a positive cash flow. 

In order for the fropt-loaded bid to bp worse than the neutral bid, ~hen Part B must have a 
negative value. How can this be? The arithmetic ofpresent value only allows Part B to have 
negative value if we discount it at a rate greater thap we are discounting the neutral bid. Does 
this make sense? Wp:y shou~d ':Ve intrQduce twq 4lscrqunt r~tes, into the ;;malysis? Tht;: answer 
lies in the riskiqes~ of the lo(\n. ~qders arr not perta~q that they will be reP,aid. That is why The 
interest rate that lender~ ((harge borrowers i~ greater than wh~t ~hey pay to sav~rs. The differ
ence is a risk pr~mipm tpat ap~qum~ for the prQl;>al?ility tpat some Joaqs will default. The ~elec
tion of a ti.~k premium wiU be disous15<1d tn rpore !;letail in ~e<;tipn· 7. But for now we qm say that 
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Figure A-1. A Front-Loaded Bid 

Time 

Levelized utility 
avoided cost 

this is not much different than selecting a risk premium for any other loan. Basically one should 
measure the exposure and duration of the loan, and compare its riskiness to that of other standard 
financial instruments. The result of this exercise might be a decision that the loan is equivalent 
to a 10 year, grade B bond. In this case the market return on such bonds can be used as the 
appropriate discount rate. 

Conceptually, then we can describe the appropriate technique for evaluating front-loaded 
bids as a process of separation into a neutral and a loan component. The neutral part will be 
treated like any other bid (i.e., it will be evaluated at the utility's normal discount rate). The loan 
part will be discounted using a risk premium over and al;>Ove th~ utility's normal discount rate. 
To formalize this concept, we must specify the meaning of neu~ality, which will t}len aUow us 
to define how to separate a bid into comp<;:ments. 

Our approach, called the implicit loan (IL) method, rests on two assumptions. First, the 
utility's avoided cost stream defines neutrality. The ne"Qtral part of a bid should be proportional 
to the avoided cost. Second, the loan compoqent is measured over the entire proposed contract 
length. It will be discounted at a risk-adjusted rate so that its present-value at that rate is pre-
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cisely zero at th(f end of the p<;>wer contnj.ci' teim. Algebraical\y, we can d{(scribe the IL method 
using Equations (1) and (2) based on the definitions given in Table A-1. 

C(t) 
P(t) 
L(t) 

·A(t) 
r 
R 

P\k[ Y(t) J 

1'able A-1, :Pefinitiom~ 

The bidder's ((OS~ &trearn, C(t) = R(t) t L(t) 
The neutral electricity payment component of C(t). 
The lo3r11 ~ompon((nt of C(t). 
Th{( avoided cost stream. 
The utilil}''s regular discount rate. 

. I 

The loan interest rate (r +risk premium). 

Ttte presemt valuetat rateR of stream Y. 

C (t) :c b ·A (t) t L (t) 

~[L(t)] 0 

(1) 

(2) 

Th¥ firs~ eq'!lation sepwates t~e biq stream jntq its neqtral ~nd loan cqmponents. The pararP
~ter "b ," whicl) we call $e "price factor," is the proportionality constant def~n~Qg the reutral 
component. It will be very useful 3;s a means of incorpora~~ng the front loading risk directly into 
the price score, however that may be ~omputed. The second equation defines the condition on 
repayment of the loan. 

TheIL method uses two parameters to characterize a front-loaded bid, b and R. Thesf are 
mutually dependent. The loan interest r(\t~, R, is qigher when the loan is considered riskier. 

I 

This means that the tr~paymt~nts (i.~., PrC), mjJ&t bt~ Jarger to offset the. period when (::,Pis nega-

tive ("'4ich is the "imp~jcit l<;>ao"), Tlwrefqry, 3: l;u-gef yalvy of R me<ilns a larger value of b, 
which is the same as sayfng that the price score moves closer to avoided cost. Thus, the bid is 
less favorable to the utility. This inter~relation. b~tw~ep b aqp R i~ thy way in which the IL 
method rolls front loading risk into the pq~e ~valuation, We solve forb' by re,.arranging Equa
tion (1) and then suqstituting for L(t) in Eq_uation (2): 

C (t) ~ b ·A (t) = L (0 

~[ C (t) -,- b ·A(() ] = fl\R[ L (t) ] 

Rf?[ C (t) ] - b · R1?[ A (t) ] r= 9 

b = 
ffl[ l; (f)] 

~(A (t)] 

t Present value is defined either as i~. if paymt;~ts are made at the beginning of each year, 
_ o (l+R) . ' 

or as [ Y(t)·e-R'dt, ifpaYJ11ents are made continuoQsly. 

(3) 



Equation (3) gives. us b, the "price factor" whjch is tpe ratio of the present values of the 
total bid stream and tpe avoided cost at rateR. Notice that the utility's normal discount rate does 
not even enter ~~e calculation. If we know R, p is found easily. Conver.sely1 if we l<:now b, we 
can find R by -iteration. The IL method ?an be applied to analytic problems starting at either 
point. . 

1.1 Describing the Loan 

When evaluating the riskiness ·of a loan, an accurate description of it is essential. We are 
now able to compute the exact lending and repaymen~ stream of th~ implicit loan, but while this 
is a complete description of th~ loan, it is not t~e most convenient. It will be found that the loan 
is made as welJ ~s repaid over an extend~ period of time. By using the cpncept of duration, we 
can assign a sensibly number to the length of the Ioili}, an<;l by :ijrst compl,l~ing its exposure as a 
function of time; we can find an equivalent starting date ~~ well ~s the maximum exposurer 

The duration of a loan is a mefisure of its ~ffective lengrp. Duration has the desirable pro
perty that a loan made at time t1 and repaid at time t2, with no intervening intyrest payments, has 
a dura~ion of t2-:tl. Duratiqn i~ ca.Jculateq ~s tpe t4ne-wei~h~ed ~v~rjig(( of the present value of 
th~ payments, when tl)e loan starts at time z;eroi We ~x~end the concept slightly to encompass 
loans not made( exclusively at time zero as follows. 

I 

. RR[ t ·L] 
Dur;!tiOn = .,.,.. . , . .. (4) 

RR[ ~+] 

L +_indicates tpe positive part Qf L, Le. the malqng of the loan (remember that L includes the 
repayment~ as negative values). 

E?Cposure is the amount ofthe loap. outstanding including unpaid interest. Denot}~g expo~ 

sure as a function of time by X(T) we nave: 

X(T) = (l+Rl·Nf[L]. (5) 

The superscJ,i.pt T on the IV denotes that the present value is ()nly taken out to year T. The 
exposur~ stream can now be used to corppute II:laximu~Il exposure, which is iq1portant in assess
ing the riskiness of the loan. It cap also be used to compute a midpoint for the loan. This is 
done as follows: 

Mid Point = 

2. A Concrete Example: R Known 

1:t ·X(t) 
0 

00 

1:X(t)' 
0 

The evaluation of front-loaded bids should have two gojils: 1) to extract the norq1al rate of 
return on the loan, apd 2) to insure the utility against the qamages of a p~tential defa,ult. We will 
now look at an hypothetical examplel aqd use jt ~o evaluate ~he 13ECo/Nl\1PC system in terms of 
the two goals ju~t state4. 

A-4 

, .. 

.. 



· To demonstrate the ab9ve ~oncept~ tn a re~listiq ~ettiq~, we aBpliyp them to an ex:ampl~ 
that uses 'lP h~othetical bid contained in Western Massach~setts Electric Company's 
(WMECo) re~ent RFP. We; an~yztt th~s da~ wi$ tpe impliciHoap technique asslJming that R, 
the risk-p~emium interest rate is known. In Sectio~ 3 we will evaluate this project using the bid
ding syste~s of Boston Edison ~BE<:;o) 'Wd Niagar~ Mohawk (NMPC) because WME(:ols bid
ding system is non-lint(ar and therefore more difficult to analyze. qur goallS to deducy the loan 
interest rate that would 111*e ~l).e the impJh:;tt lqan sy~texn equiv~leq.t to the ~ECo o,r NMPC 
point system: This will allo}V an econ.omic illterpretation <;>f the point schemes. The data were 
picked sjmply for theirav~lability, while the point systems were chosen for their clarity. 

Table A-2 displays the implicit-loan (IL) analysis of the data. The first two colm1m~ shpw 
the payments to the bidde;r and the utility's avoided cost. These are both expressed in current 
dollaxis. The nexl column shows a present value multiplier for the loap dfSCOUJlt f().te, R in ~hp 
above an~lysis. We use a value of R=15%, which is :represen~~tive of the interest 11flte on high 
yield bonds with more defaul~ risk thaq cqnv~nHonal ipvesunent grad,(( corporarq bon<;l~. For 
comparison, BECo's regular ~iscount rate is 10.88%. from R=)5% we calcula~e the stream of 
present values, taken at the loan rate, of botq the Bayments aqd the 'l-Void~d co~ts. T~ese are 
summed to find the present val pes of the two streams, and these ~e presented above the relev~nt 
columns. C~l~ulating b from equation (3) is pow simply a, maqer of divit;l~ng the sum of the 
present value of payments by the total present value of avoided c;p~ts (see seconqline of table ~). 
Now that we have b, tQ,e implicit loan payments are compl,lted from: 

fr(t!) = 9(0..-p ·A(f) · 

These a,re displayed in the column labeled NO~NAL Ir(T). Although it is not displayed, the 
present value of th<f loan paymeqts at the loaqtnterest rate, R, \u~s been computed anq is ~e,ro ftS 

it should b~. Finally equal~on (5) is used to c<:>mpute the exposure as a fpncti0n of time, and this 
is displayed in the column labeled X(L). Note that at its maximum in year 9, exposure is only a 
little less than the total nominal project vevenue that year, C('f). . 
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Table A-2. Implicit Lo~ Calculations at 15% Interest 
R 15% 
11 0.887 SUM. PVC/ SUM. PYA 

Nominal SUM. PVC SUM. PYA Assumed inflation =; 5.0% 
Nominal Avoided PV 159813 18()097 - - - - - • - - - - - LOAN- - - - - - - - - - -
Payments Cost Mu l ~ i- -- -NCMINAL--- - •• - RE:AL - - - - -

C(T) A(T) p lie r PV(C) PV(A,) L(T) X(L) L(T) X(L) 
.o 1~144 12510 1.000 16144 12510 5043 5043 5043 5043 
1 16864 14244 0.861 14515 12260 4224 10083 4018 9592 
2 17590 15 11 t 0.741 13031 11195 4181 15896 3783 14383 
3 19533 20240 0.638 12455 12906 1573 20041 1354 172fi0 
4 19261 Z0325 0.549 10571 1·115 5 1225 24510 1003 20067 
5 21496 22841 0. 472 10154 ~0789 1228 29704 956 23133 
6 22744 23992 0.407 9247 9754 1454 35965 1077 26£?44 
7 24345 27829 0.350 ~519 9738 -350 41436 -246 29199 
8 26154 31298 0.301 7877 9427 -1619 46522 -1085 31185 
9 28361 37529 0.259 7352 9729 -4941 49110 - 3 15 1 31314 

10 30759 42422 0.223 6863 9466 -6885 50173 -4176 30431 
11 33405 46707 -0 .19:z 6415 8970 -8042 50:f51 -4640 28992 
12 36260 50992 0. 165 5994 8429 -8989 49394 -4933 27108 
1 3 39270 55290 0. 142 5587 7866 -9793· 47595 - 5 11 2 24847 
14 42058 59475 0. 122 5150 7283 -10718 44579 -5323 22137 

. 15 44867 63463 0. 105 4729 6689 -11448 40345 -5408 19058 
16 47767 67017 0.091 4333 6080 -11702 3517;3 -5258 15804 
17 5088'3 73521 0.078 3973 5741 -14358 26507 -6137 11330 
18 53830 80705 O.Q67 3618 5424 -17785 13012 -7231 5290 
19 56791 81035 0.058 32,85 4687 - q 117 0 -5846 0 

3. Application of Implicit Loan Method t9 BECo and NMPC Bidding Systems 

To illustrate the perspective which the ~ method provides, we examine the approach pro
posed by Boston Edison (BECo) and Niagara Mohawk (NMPC) to evaluate front-loaded bids. 
Note that the NMPC system is identical to BECO's in structure except that relative weights 
differ. We are concerned with the Price Factor and Economic Confidence Factor. Front loading 
is evaluated upder the second he().ding. These systems evaluate froQ.t-loaded bids in terms of an 
implied loan mat~rity, in which a measure of th~ lep.gth. c;>f the loan period i~ computt(d and 
points are then assigned in inverse proportion to this length, Mitigation measures such as secu
rity deposits are (j.lso ~onsidered . 

.. . ""rable A-3 is a.facsimile of BECo's Evaluation sheet 5 which we have filled in for the 
hypothetical bjd includ~ in the WMECo RFP. Columns [1] and [2] are the same as in Table 
A-2 and compare the annual over-payQJent of the developer's bid to the utility's avoided cost. 
The third column is a present value multiplier based on B:I~Co's discount rate of 10.88%, rather 
than a loan interest rate as w~ used before. The prt(sent value of the bidd~r's payment stream 
and utility's avoided co~t is calculat~ in columns [4] and [5]. Column [6] is noiili!Jal overpay
ment, which is simply column [1] - coluJlln [2]. Note that the nominal over-payment is negative 
when the developer's bid pqce is lower than the avoided cost. The annual over-payments are 
accumulated, with interest charged at the utility's normal discount rate in column [7]; each entry 
is the last entry times (100% + 10.88%) plus the current entry from column [6]. Note that the 
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int~rest rate used is th~ utility's regular rate and is not adjuste<;l for ~ny riskines~ in tpe lof,ln, The 
I . 

accumulated balance is reduced and ultimately liquidated as avoided oqst:; exceed the bid price 
in· the later years of the project. 

,. 

Table A-.3 . A Facsimile of BECo's Evaluati<;>n Sh~et q I ·1,1 1 

[ 1 ] [ 2] [ 3] (4] [ 5 J [ ~) [7] [ 8] 
Cum,ulative 

Oyer 
PV PV faymyl).t 

Nomina 1 factor PV qf with ~reak 
Nominal Avoided at of Avoided Over Interes~ E;vi!I1 
Payments Cost 10.88%Pjlyments Cost Paym~nt I 0. ~ 8% Scop) 

Y(lar C(T~ A(T) 
1990 16144 12510 1.000 16144 . 12510 ~634 36H 0 
1991 16864 14244 0.902 15209 12846 26tP 6649 0 
1992 17590 15111 0.813 ~4307 12291 2479 91!~4 0 
1993 195:33 2024(') 0. 734 1432? 14847 -707 10*~7 Q 
1994 19261 20325 0.662 p743 13447 -1064 l02~4 p 
1995 21496 2;2841 0.597 l2826 13629 -1345 100q6 0 
1996 22744 23992 0.538 ,!2239 12911 -1248 9~80 0 
1997 24345 27829 0,485 p815 13506 73484 7471 0 
1998 26154 31298 0.438 11448 13699 ~51:44 314q 0 

I 
1999 28361 37529 0.395 11195 14815 - 916 8 r ~6S7 1 
20q9 3P759 44422 0.356 10951 15103 -11663 -17968 f 
2001 33405 46707 0.321 .10726 14997 r 13JQ2 -332~5 ~ 
2002 36260 5099+ 0.290 1Q5PO 14766 -147~2 -51572 4 

I ' 

2003 39270 55290 0.261 10256 14440 ;16020 r7p03 5 
2004 42058 ,59475 0.236 9906 14008 -17417 -98585 6 
2005 44867 634~3 0.!212 9531 13481 -18596 "127907 7 
2006 47767 67017 0. 192 9151 12839 ,19250 -161073 8 
~007 ~081!3 73521 0. 173 s1n 12703 -24q38 - ~0 173 9 9 
2008 53830 80705 01 15 6 8388 12576 -:?687~ rf50005 1 0 
2009 56791 81035 0. 141 7981 11388 -24244 -301450 ~ 1 

---1""--,.--,--:----..,.r 
SUM 228437 270801 p 

SPVB SPVC B.E,YRS 

ln BECo's syst~m. the number of years untjl Fquid"tion of the accumulated qver-paym11nt. 
is called the break-even score (column 8). This is the key indicator of front-loading ;rnd is effecc 
~ively a me~spre of the length of th~ front-lo~cjing loan. :SECQ ~iyes a fonnul~ wh,ich typica)ly 
(prpviped the o~erpayments never becorpe positiv~ a second timy) cppn~~ flle p\lmq~r qf ye'lr~ 
with negative cumulative overpayment. This num~er is then divided by 20 and multlpljed by 30 
(equivalently, multjplied by 1,5) to g;iv1 the "bryakevyp" score. 

This project would receive 15.6 points on the price factor~ ':fhe price factor is COJtlP~ted 
using tl)e sum of the pr~sent value of payments (SPY~) and the sum of the gres

1
ent value of 

avoided costs (SPVC), which are shown at the bottom of columns 4 and ~. The speyific formula 
for computing price factor points is: 

Price Factor (SPVC ~ SPVB ) X 100 . 
... SPVC .. , 



In essence, this formula gives 1 ppint for each percent by which payments are less than avoided 
costs. Finally, pojqts are given for additional security provided by the seller to mitigate the 
affect of a front-loaded bid. Scores range between 0 at)d 20 points depending on the fraction of 
the overpayment that is secured. A bid that is not front-loaded. receives 20 points automatically. 

3.1 Calculating the lmplied Loan Interest Rate using BECo scoring weights 

BECo's system 'produces a point score for each project, while the implicit loan (IL) method 
computes a price factor, b. These approaches are not directly comparable. However, we can 
compare them by creating a hyppthetical project that receives the same overall score as our first 
project but which is not front-Joaded. We then evaluate both bids using the IL method. If the IL 
method, at interest rate R, rates the front-loaded bid as better than the hypothetical project, then 
we can ~ay that the BECo system is effectively charging some front-loading loans· a higher 
interest rate than R. We solve for the implicit loan interest rate, R*, through iteration. This will 
allow us to say that, at -least for the bid under consideration, BECo effectively charges interest 
rate R * for the frqnt-loading loan. 

We call our initial project, Project A and our comparable hypothetical project will be Pro
ject A*. Initially, we assume that Project A posts full security for its front-loaded bid, and 
receives ;20 points in this category, The total sco~e for Project A is then 52.1 points; recall that 
Project A received a breakeven scqre of 16.5 points and got 15.6 price factor points. To keep 
things si~ple, Project A* bids a payment stream th~t is proportional to the utility's avoided cost, 
and thus is not front-loaded. Thus, Project A* is awarded 30 points for the breakeven score and 
20 points automatically for front.,load security for a total of 50 points. Project A* must then 
receive only 2.1 price factor points in order to have an identical' bid to Project A. 

We use this information to compare the two bids using the implicit-loan method. A price 
scqre of 2.1 points means that Project A* has bid a payment stream that is 97.9% of the utility's 
avoided cost Thus, b will &imply be the ratio of those costs to avoided costs, which is 0.979. 
How does this compare with the evaluation of Project A's real bid shown in table 2? That 
evaluation gave b = .887, which is clearly much better. Thus, although the bids receive the 
same points under BECo's scoring system, the implicit-loan method does not judge the two bids 
as equivalent, but rather it judges the real bid as far superior. However, this conclusion is 
premature, because the value b = .887 was based on a loan interest rate of 15%, which is an ad 
hoc assumption (see Table A-2). 
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Table A-4. Implicit Loan Calculatjons 
at an Interest Rate (R *) that Generates b = .979 

R = 25% 
b 0.979 SUM. PVC/ SUM. PYA 

Nominal SUM. PVC SUM. PYA Assumed inflation = 5.0% 
Nominal Avoided PV 92309 94331 - - - - - - - - - - - 1,-0AN, - - - - , - " - " -
Payments Cost Mu 1 t i - -- -NCMINAL--, - - - ~ REAL - - - - -

C(T) A(T) p 1 i e r PV(C) PV(A) L(T) X(L) L(T) X(L) 
0 16144 12510 1.000 16144 12510 3902 3902 3~Q2 3902 
1 16864 14244 0.781 13167 11122 2925 7923 2783 . 75 37 
2 17590 15111 0.610 10724 9212 2803 12950 75~6 117,8 
3 19533 20240 0.476 9298 9634 -273 ~6313 -235 14(,)41 
4 19261 20325 0.372 7159 7554 -628 20264 -514 16~91 
5 f 149 6. 22841 0.290 6238 6628 -855 25098 -666 19546 
6 22744 23992 0.227 5153 5436 -734 31411 ~544 23770 
7 24345 27829 0. 177 4307 . 4923 -2887 37341 -2035 76314 
8 26154 31298 0. 138 3613 4323 ,4473 43357 -2998 29060 
9 28361 37529 0. 108 3059 4048 -8363 47159 -5333 30070 

10 30759 42422 0.084 2590 3572 -10754 49945 -65 24 3 01 11 
11 33405 46707 0.066 2196 3071 -12301 51282 -7097 29587 
12 36260 50992 0.051 1862 2618 -13639 52040 -7485 28~60 
13 ~9270 55290 0.040 1574 2216 -14835 ~1815 -7744 2705p 
14 42,058 59475 0.031 1316 1862 ~16142 50220 -8016 t49H 
15 44867 63463 0.024 1096 1551 -17236 47083 -8141 22240 
1 6 47767 67017 0.019 911 1279 -17813 42488 -8004 19091 
17 50883 73521 0.015 758 1095 -21062 33354 -9002 

I 
14256 

18 53830 80705 0.012 626 939 -25145 1(573 -10223 7145 
19 56791 81035 0.009 516 736 -22507 -0 -8704 -0 

I 

The obvious question is, what interest rate would make the bids equivalent under the 
implicit-loan method. We solved this problem through iteration and found that with b ::::; .979, 
which is the same as for the BECo-equivalent contract, Project A*, the loan could be repq.id 
using an interest rate of 24.7% (see Table A-4). Thus, if the appropriate loan interest rate is 
24.7%, then BECo's scoring method is equivalent to the IL method, at least for this particular 
bid. Table A-5 shows the BECo scores and the IL price factor and equivalent interest rate. 

Table A-5. BECo's Effective Interest Rate 
with Full Points for Front-Loadil).g Security 

Project A 
Points 

============================== 
Price Factor 15.6 
Breakeven Score 16.5 
Front Load Security 20.0 

Sum 52. 1 
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Project A* (without front-l9ading) 
Points 

==============7======~~~==~~=r==~== 

Eqivalent Price F~ctor 2.1 
Breakeven Score 30.0 
Front Load Securjty 20.0 

SPVB/SPVC 
""==> R = 

-----":'"---r.-

Sum "" 52. 1 

b 
24.7% 

0.979 



This result means that BECo's bid evaluation system effectively charges Project A an 
interest rate of 24.7% on the loan implicit in its front-loaded bid. The result is the same as if this 
interest charge were added to the bidder's tl1Ie (absent the loan) payment series, and this aug
mented payment series were used to figure BECo's "price-factor" points. This economic 
interpretation allows us to cut through the confusion of the ad hoc point_ formula and find out1 in 
a way that has meaning in the marketplace, how a front-loading loan is being treated. The 
answer is that the loan is being. charged aq interest rate that few would find acceptable. These 
results also are useful to the bidder. If the bidder can arrange a loan to cover their front loading, 
and if that loan charges less than 24.7%, they can accept the loan, pass all of the loan repayment 
through to BE Co, and still do. bett~r on thej,r BE Co score. 

What happens if Project A. does not agree to post security for its front-loaded bid. In this 
case the project will receive 0 points for additional loan security and a total of only 32.1 points. 
We repeated the analysis for this situation. One would expect that with no loan 'security BECo 
should effectively charge a higher ipterest rate on the implicit loan. As table A-6 shows they do. 
They ~ffectively charge 67.4% on this particular loan. 

Note that Pr9ject A*, the non-front-loaded bid in table 6 receives negative price factor 
points and has a b ~ 1. This means that BECo is so leery of front loading that it treats the bid 
as harshly as it would treat a bid some 18% above avoided cost, if it decided to allow and evalu
ate such bids. 

Tal;Jle A-6r BECo's Effective Interest Rate 
withNo Points for Front-Loading Security 

Project A 
Points 

============================== 
Price Factor points 
Breakeven Score 
Front Load Security 

SUJll 

15.6 
16.5 
0.0 

32.1 

Project A* (without front-loading) 
Points 

=================================== 
Eqivalent Price Factor 
Breakeven Score 
Front Load Security 

SPVB/SPVC 
===> R = 

Sum 

b 
67.4% 

- 1 7 . 9 
30.0 
20.0 

3 2. 1 

1.179 

3.2 Calculating the Implied Loan Interest Rate using NMPC scoring weights 

Niagara Mohawk's proposed bid evaluation system is quite similar to the BECo point sys
tem with three simple but profound changes. The maximum number of points iq NMPC's scor
ing system for price, br~akeven score,, and additional front-load security are 850, 50, and 25 
points respectively compared to BECO's system, which has maximums of of 100, 30, and 20 
points for these factors. This drastically changes the relative importance of the breakeven score, 
and thus also the effective loan interest rate. Table A-7 shows how our project would fare under 
the NMPC scoring system, along with the implied loan interest rate, The effective interest rate 
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being charged by NMPC on frontloading loans is much lower than BECO (13.2% and 16.3% 
respectively for loans with and without collateral). 

Table A-7. NMPC's Effective Interest Rate 
with Full and with No Points for Front-Loading Security 

Full Security 
Project A 

Points 
===~========================== 

Price Factor 
Breakeven Score 
Front Load Security 

Sum 

No Security 
Project A 

133.0 
27.5 
25.0 

185.5 

Points 
=~============================ 

Price Factor points 
Breakeven Score 
Fran t Load Security 

Sum 

133.0 
27.5 
0.0 

160.5 

Project A* (without front-loadin•) 
Points 

==========================~=T~~=~=7 

Eqivalent Price Factor 
Breakeven Score 
Front Load Security 

110.5 
50.0 
25.0 

----- .. _1" __ 

Sum 18 5. 5 

SPVB/SPVC b 0.870 
===> R = 13 ·, 2% 

Project A* (without front-loading) 
Points 

=========================~===~~===~ 

Eqivalent Price Fac~9r 
Breakeven Score 
Fro n t Load Sec u r i t y 

SPVB/SPVC 
===> R = 

Sum 

b 
16.3% 

85.5 
50.0 
25.0 

160.5 

0.899 

4. Implications of the BECo/NMPC Point System 

Because the BECo/NMPC system evaluates front-loaded bids relative to the avoided cost 
stream rather than the payment stream, the analysis of these systems must be conducted dif
ferently for payment streams that average near avoided cost than for payment streams with signi
ficantly lower payments. 

4.1 Payment Streams Near the Avoided Cost Level 

The most unusual property of the BECo/NMPC scoring method is its large discontinuity 
near the avoided cost payment level. For example, consider two contracts, on~ with a payments 
schedule that is two mills/kWh below the avoided cost schedule and the other contract with pay
ments two mills/kWh above the utility's avoided cost. Despite the relatively small differe11r~s in 
bid price between these two projects, the. first bid, which has no overpayments, gets a break-evtm 
score of thirty points, while the second project, which has an overpayment in every year, gets a 
break-even score of zero. To make matters worse, if the "high" bid does not put up collateral on 
its one-cent per year loan, it loses another twenty points. Fifty points in NMP~'~ system ~s 
equivalent to about a 4% decrease in payments (if taken from the price score), while in BECo's 
system it is comparable to a 50% decrease in payments. 
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The BECo/NMPC scoring systems also appear to be deficient in terms of differentiating 
risk based on the magnitude of a front-loaded bid. For example, let R be the interest rate and 
imagine a payment stream equal to avoided cost except at time 0 and time t. At time 0 the p~y
ment is high by $L and at time t it is low by $L x ( 1 +R )t. Such a lo~ will not break even until 
year t and will therefore lose t x 1.5 breakeven points. Thus the longer the period of the loan, 
the lower the BECo/NMPC score, which is reasonable. Next, we consider a loan of twice the 
size, $2L, that is, of course, repaid in the amount $2L x (1+Ri at time t. Such a payment 
scheme will lose exactly the same number of breakeven points, in spite of the fact that it is 
clearly more heavily front-loaded. Notice also that the $2L bid will garner the same number of 
points on the price factor. Thus, in this case, the BECo/NMPC system completely fails to 
account for the magnitude of front loading, probably the single most important determinant of 
risk. 

4.2· Payment Streams Below the Avoided Cost Level 

The scoring of front-loaded bids is less anomalous for cases in which contracts specify pay
ment streams that significantly less than the utility's avoided cost stream, because the discon
tinuities in the point system are less of a factor. Nonetheless, the effects of discontinuities are 
still potentially a problem which could be exploited by clever bidders. To illustrate this prob
lem, we compare three very simple hypothetical bids using Niagara Mohawk's initial scoring 
system (see Table A-8). 1 

The first project is designed to get 100 price-factor points, with payments that are 80% of 
avoided costs each year. Bid 2 has payments that are 112% for the first three years and 74% in 
the remaining years. The project receives 103.6 price-factor points, but loses 6 points for front 
lO<iding. Thus, bid 2 loses to the first contract. The third bid has payments of 99% for the first 6 
years and 72% in the remaining years. Bid 3 is awarded 100.3 price-factor points, loses no 
points for front-loading, and thus wins the auction. 

We pose the question: should Bid 3 really be considered as totally lacking in frontloading? 
After all, the payment stream for this project is significantly higher during the initial years of 
operation compared to later years. One approach to this question is to compare contract 3 to 
c,ontract 1, which is not front-loaded by any definition. Assume for a moment perfect competi
tion, so tqat economic costs (including the cost of capital) equal revenues. Then it is quite likely 
that revenues for bid 3 will be well above long-run average costs for the first six years and below 
it thereafter. This means that the end of year six would be the most advantageous time for 
bidder 3 to default. If this happened how much would the utility stand to lose compared to a 
situation in which the utility selected bid 1? The utility will have ·paid the present value of 0.19 
avoided cost unjts more than necessary for a period of six years. The total present value is about 
.894 avoided cost units using the utility's cost of capital' as the discount rate (10.88%). We 
repeat the calculation for bid 2 and find that if this project had been selected and then defaulted 
at the end of the third year, the utility would have lost .868 avoided cost units. It seems that not 

1 Niagara Mohawk Power Corporation, "Competitive Bidding Guidelines and Requests for 
Proposals," October 17, 1988. Note that NMPC submitted a revised integrated bidding system 
with a new point system on January 23, 1989. 
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Table A-8. Three Hypothetical Bids 

~-· Percent of A voided Cost . ' Bid 1 Bid2 Bid 3 
'1st 3 years r 80% 112% 99% 

· :ind 3 years . 80% 74% . 99% 
Remaining years 80% 74% 72% 

Price Factor Points 100 103.6 100.3 
Breakeven Points 30 24 30 
Security Points 20 I . 20 20 

· Total Points 150 147.6 150.3 

only does bid 3 include frontloading risk, but it is more risky than bid 2. Yet, bid 3 won th,e auc~ 
tion simply because it lost no points for front loading, while bid 2 lost the auction because of thy 
6 point penalty for its front-loaded bid. 

5. A Discussion· of Moral Hazard 

·One might think that the above examples are contrived, and thus not representative of a 
real-world bid. However, it must be remembered that bidders are in the business of contriving 
the most advantageous possible bid. This means that bidders are likely to take advantage of any 'i , 

system that has a loophole or can in any way be gamed. The only point system that is safe i~ one 
that reflects the true preferences of the utility with regard to all possible bids. , , 

An example of gaming would be a bidder that engages in substantial frontloading, and 
combines this with unrealisticly low long-term prices, and who- does this while avoiding any 
frontloading penalty. The BECo/NMPC system lends itself to this type of gaming if the utility's 
avoided costs are significantly above the eventual c<;>st of viable accepted bids. The bid~er ~ust 
simply stay a shade below avoided cost but above long-term average cost for the first ten years, 
Then, the bidder offers very low costs for the remaining 10 years. The project can win on the 
basis of the low costs in later years, but the profit will be taken in the first 10 years after which 
the bidder will have less incentive to complete the contract. 

A badly designed bid evaluation system can produce another undesirable result. It can 
induce suboptimal behavior by bidders even when they 4~ n<;>t tt-y· to take advantage of a lqq
phole. An example of this is a point system that effectively charges an interest rate inuch higher 
than the utility would actually require when ma!<-ing an explicit loan of the same riskiness. 

Let us assume that the utility's treatment of front-loaded bids implies an implicit lo~n 
interest rate of 30%. However, the utility evaluates the riskiness of the project and believes that a 
loan with a 20% interest rate could be potentially profitable. The bidder, wanting to avoid the 
point penalty may find other long-term financing at 25%. The cost of this financing will of 
course have to be incorporated in the bid, but in spite of this the bid will have a better chance of 
success, and since the utility will end up paying for the loan the 'bidder has- every reason to 

A-13 



ated with these combinations. The procedure for designing this part of the bid evaluation system 
and ~coring project bids would be: 

1. Make.a loan table giving interest rate for various exposure factors, and possibly durations. 

2. Determine the avoided cost stream. 

3. Pick a standard loan interest rate (R0 ) 

4. . Co~ute b from equation 3. 

5. - Compute duration from equation 4. 

6.1 Compute maximum exposure using equation 5. 

7. Compute the PV of the payments stream until the date of maximum exposure, divide the 
. maximum exposure by this to find an exposure factor. 

Look ~p R in the ioan table . 
. ' 

~If R "#~0 then repeat from step 4. 
• J 

10. If R =. R0 then use equation 6 to assign points, or_equation 7 to assign dollars. ;·· 

· ·· · -Finally,·It is useful to draw some distinctions between this proposed 'evaluation system and 
our analysis of the BECo/NMPC scoring using the ll. method (see sections 2 and 3): In our 
analysis, we did not need to know what interest rate to use with the ll. method, instead· we 

-derived an interest rate that would make ll. equivalent to BECo/NMPC. This ·allowed us to 
·understand in economically meaningful terms how BECo/NMPCjudged certain·bids. However, 
we did not attempt to-develop an independent ll. score. To do this we have to choose the correct 
loan interest rate.· That is why the proposed method that we have outlined in this section·requires 
a loan table, while the previous analysis did not. , · · ! 

' ' 
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AppendixB 

Evaluating Fuel Diversity: 
Consumer Willingness to pay for Price Stability 

Capital-intensive technologies are substitutes for oil and gas consumption. The value of 
this substitution depends upon the level of oil and gas prices, which are quite uncertain in the 
long run and unpredictable. One way to think about the value of fuel diversity is in terms of 
insurance. Over the long-term, electric bills are a gamble. They depend on uncertain future oil 
and gas prices to the degree that the utility depends on these fuels. Choosing solid fuel or 
renewable energy technologies will reduce the variability of future electricity revenue require
ments. Our willingness to pay a premium for this reduction in variability reflects the insurance 
value of fuel diversity. 

In this appendix, we describe our approach to estimating the benefits to ratepayers of fuel 
diversity. Our approach is based on conventional expected utility theory in which it is assumed 
that ratepayers preferences can be described by utility functions that have decreasing returns to 
income (see Chapter 4, Figure 4-3 and the discussion of risk-averse ratepayers for background). 
Thus, less additional utility is derived from an increase of $~ than is lost by a decrease of $~. 
This means that a typical ratepayer would be willing to pay somewhat more on their electricity 
bill if all uncertainty were removed compared to the expected situation in which bills could be 
lower but with some degree of uncertainty. The difference between the certain equivalent cost, 
which is higher, and the expected value is called the risk premium and reflects the relative risk
averseness of the ratepayer to the uncertainties in future fuel costs. The risk premium depends 
on the magnitude of the uncertainty and on the shape of the ratepayers utility function. 

1. Theory 

1.1. The Newberry-Stiglitz formulation 

We want to estimate the benefits that are derived from removing the risk that fuel prices 
· could be higher than expected. We use an approach developed by Newbery and Stiglitz in the 

context of commodity price stabilization. They derive an expression for the monetary benefit B 
of removing risk as a fraction of the consumer's expenditure on the source of risk X. In our case, 
X is ratepayers' expenditures on electricity, and B, the risk premium, is defined as follows: 

Here Yh is the ratepayer's (household) income, a random variable. In order to make their 
approximation, Newberry and Stiglitz are forced to assume that 

where V() is the variance operator, and >>means "much greater than." Fortunately, in our case 
this is certainly true. A ratepayer is sure to be far more uncertain of his income twenty years in 
the future, than of his electric bill at that time. With this restriction in mind, the approximation 
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£ B. or X 1s: 

(1) 

where R is the rate payer's relative risk aversion, CV() is the coefficient of variation, P is the 
price associated with X, and p is the correlation coefficient. 

1.2. A Covariance Reformulation 

Using the definitions of CV() and p, we can expand the above formula as follows, 

B.= -R. SD(Yh). SD(P). COV(Yh,P). 
X E (Y h) E (P). SD (P) · SD (Y h) 

This equation can be reduced to: 

B COV(Pe, Yh) 
= -R. . . 

X E(Pe) · E(Yh) 
(2) 

We substituted, pe for P, because the price of electricity to the ratepayer is the relevant price for 
our problem. This form will simplify our data requirements considerably. 

In subsequent sections we discuss the correlations between GNP (Y) and various price~. 
Thus, it is convenient to have formula (2) expressed in terms of Y, instead of GNP/household 
(Yh). We make that transformation now. 

!!.._ = -R. (llh)·COV(Pe,Y) = -R. COV(Pe,Y). 
X E (P e ) · ( 1/ h ) · E (Y) E (P e ) · E (Y) 

(3) 

Note that his the number of households in the U.S., and that it conveniently cancels out. 

1.3. A Model 9f the Interaction Between Y and P. 

In order to apply the risk stabilization benefit formula, we must have a stochastic model of 
the future relationship between income (Y) and electricity prices (P). We first discuss a 
simplified model of the relationship between income and oil prices in order to take advantage of 
certain statistical identities which allows us to simplify the problem. 

Consider the following model of the effect of oil prices on GNP. 

Y = E (Y) + a · (P 0 
- E (P 0 )) + E (4) 

In this model, Y and P 0 represent the level of real GNP at time t, and the price of oil at time ~· 

If the realized price of oil equals its expected price, then the second term is zero and the realized 
GNP will be its expected value plus some error (E). We assume this error is uncorrelated with 
P 0

• In reality the. price of oil is not perfectly correlated with its effect on GNP, but assuming 
that it is, can only overstate the impact of oil price on risk. 
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This model allows us to simplify the estimate of the covariance between GNP and oil 
prices. 

COV(P 0
, Y) = COV(P 0 E(Y)) 

+a· COV{P 0
, P 0

))- a· COV{P 0
, E (P 0

)) 

+ COV(P 0
, e) 

COV(P 0
, Y) = a· V{P 0

) (5) 

Note that E(Y) and E(P 0
) are by definition the non-random parts ofY.and P 0 and therefore c;an 

have no covariance with any variable. The error term, E, has no covariance with P 0 for the same 
reason that the estimated error of a regression has no covariance with the independent variables: 
if e were correlated with P 0 another value of a could be found that predicts Y better. This is 
not quite the covariance we want, but that problem will be rem~ed once we establish the rela
tionship between the price of electricity and the price of oil. 

2. Data 

We must select an appropriate value for the relative risk aversion, parameter (R). We can 
think in terms of some average ratepayer whose risk preferences reflect the population at large. 
The key distinction is between the low-income consumer whose exposure to risk is large (R = 2) 
and the typical consumer (R = 1). We assume that 20% of the population falls into the low
income category and 80% falls into the second category, which implies a representative value of 
R = 1.2. 

The expected value of oil prices over a twenty year horizon is a debatable quantity, and a 
question that must be decided by the ultimate user of this approach. However, some fairly stan
dard and respected forecasts are available. We need an estimate of the "expected" or "most 
likely" prediction as well as estimates of the variance of this prediction. We used a DRI forecast 
that includes basecase, high, and low scenarios along with their probability weights, because 
variance estimates could be easily calculated. 

We assumed that future GNP/capita, Y, grew at 1.5% per year, which is the average for the 
last 20 years. This estimate could probably be refined by more sophisticated forecasting tech
niques (e.g., include the expected change in household size). 

Perhaps the most difficult parameter to estimate is a, the factor in Equation (4) that relates a 
change in the price of oil to a change in real purchasing power of the GNP. Huntington (1986) 
offers an excellent discussion of this issue. We will use his estimate of a $4 billion loss in real 
purchasing power for every $1 increase in the price of oil (i.e., a = - 4). 

2.1. An Illustrative Calculation 

Our illustrative calculation uses gas prices rather than oil prices, because of the easy availa
bility of the necessary forecasts. DRI has produced gas price forecasts with accompanying 
"high" and "low" price scenarios that are given explicit probability weightings. This allows a 
direct computation ofDRI's estimate of V (Pg ), as well as E (Pg ). To obtain V(P 0

) and E (Pe), 

relationships between oil and gas prices and between electric and oil prices will be needed. We 
assume the following two linear relationships as useful approximations. The parameter b is 
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just the typical ratio of the price of gas to the price of oil, with oil measured in barrels, and gas in 
MBTU. The parameters c and d represent the fixed and variable costs in electricity generation. 

po = b .pg 

pe = C + d .pg. 

Taking the covariance of each withY, we have: 

COV(P 0
, Y) = b · COV(Pg, Y) 

COV(Pe, Y) = d · COV(Pg, Y) 

We can now simplify the crucial covariance term. Start by eliminating COV.(Pg, Y) from the 
last two equations: 

Now all that is needed is values for the parameters and the forecasts for pg. 

Two of the parameters, b and d, can be estimated from other sources. The third, c, can then 
be estimated from d and the prices of gas and electricity in 1988. The following table summar
izes the value, economic units, and meaning of all of our parameters (table B-1). As a check on 

c we note that _£_ = .53, which is near the current fraction of fixed costs in the price of electri-
Ps~ 

city. 
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Table B-1. Parameters for Computing B/X 

Parameter Value Units Definition 

a -4 B (109) Change in GNP I Change in P 0 

b 15 1 Oil price I Gas Price 

d .011 1 MBTU'slkWH 

Ps~ .07 $1982 Price of electricity in 1988 

Ps~ 3.0 $1982 Price of gas in 1988 

c .037 $1982 P8~ -d ·P8~ 

l8s 3788 $1982B Real GNP in 1988 

3. Estimates of the Benefits to Ratepayers of Stabilizing Electric Bills 

· Table B-2 shows our calculations of the benefits of stabilizing gas prices for ratepayers, 
B!X from (6), for each year of available data. We observe that B!X is always less than 1% in 
each year, ranging from about two-tenths to one-half of one percent over a 20-year period. 
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Table B-2. Estimates of Gas-Price Stabilization Benefit Ratio 

1987 Data 

20% 60% 20% = probability weight for scenario 
--Rea I Price of Gas--

Year Low Median High E(Pg) V(Pg) E(Pe) E(Y) B/X 
1987 0.926 2. 125 3.438 2. 148 0.631 0.061 3732 0.22% 
1988 0.979 2.220 3.557 2.239 0.666 0.062 3788 0.23% 
1989 1. 118 2. 309· 3.734 2.356 0.688 0.063 3844 0.23% 
1990 1.208 2.429 4.078 2.514 0.835 0.065 3902 0.26% 
1991 1.259 2.524 4.533 2.673 1.105 0.066 3961 0.33% 
1992 1.425 2.603 5. 116 2. 870 1.469 0.069 4020 0.42% 
1993 1. 460 2.755 5.496 3.045 1. 755 0.070 4080 0.48% 
1994 1.540 2.929 5.907 3.247 2.059 0.073 4142 0. 54% 
1995 1. 677 3.116 6. 168 3.439 2. 173 0.075 4204 0.5 5% 
1996 1.764 3.360 6.391 3.647 2.264 0.077 4267 0.55% 
1997 1.798 3.642 6.603 3.865 2.384 0.080 4331 0.55% 
1998 1. 8 60 3.965 6.635 4.078 2.299 0.082 4396 0. 51% 
1999 2.010 4.311 .6. 757 4.340 2.254 0.085 4462 0.47% 
2000 2. 128 4.581 6.919 4.558 2.296 0.087 4529 0.46% 
2001 2.324 4.874 7.025 4.794 2.220 0.090 4596 0.43% 
2002 2.389 5.090 7.079 4.947 2.231 0.091 4665 0. 41% 
2003 2.588 5.361 7.051 5. 144 2.063 0.094 4735 0.37% 
2004 2.685 5.615 7.082 5.322 2.062 0.096 4806 0.36% 
2005 2.845 5.807 7. 077 5.469 1.962 0.097 4879 0.33% 
2006 3.090 5.969 7.044 5.608 1. 759 0.099 4952 0.29% 

Grwth MAXVAR 
Rate 6.3% 5.4% 3. 8% 2.384 1.5% 

Notes: E(Pg) =Expected price of gas 
V(Pg) =Variance in price of gas 
E(Pe) = Expected price of electricity 
E(Y) = Expected GNP 

4. Alternative Variance Estimates 

As explained above, DRI has provided high and low price forecasts, to which they have 
assigned a probability of 20% each. We calculated the variance of their estimated prediction 
error from these forecasts. One might expect that variance would increase monotonically over 
time, that it would be more difficult to predict the price in 2009 than in 1996. However, the 
variance of DRI's prediction error decreases over this time period to a little less then half of its 
1996 value. Consequently, we are suspicious of their implicit variance estimates. 

In order to assess the importance of a possible underestimation of uncertainty towards the 
end of the forecast period, we did a sensitivity analysis based on two alternative methods that 
"corrected" DRI's variance estimates. These will be referred to as the extrapolation method and 
the log-normal. method. The extrapolation method begins by constructing a linear function 

B-6 



that starts at zero in 1987 and increases fast enough to reach agreement with DRI's maximum 
variance value. This function continues to increase as the DRI variance estimate decreases. The 
extrapolation method takes as its variance in each year which ever is greater, the DRI variance or 
the linear function. 

The log-normal method is based on the observation that most economic variables with 
non-negative probability distributions are observed to be skewed right (have a long right-hand 
tail). The log-normal distribution is one of the simpler distributions having this property. One 
property of such distributions is that their mean is greater than their median. We found that 
DRI's 1987 high forecast did not follow this pattern and so we derived a formula that replaced 
the high forecast with a high forecast that would be consistent with a log-normal distribution of 
future gas prices. Because the In() of a log-normal variable is normally distributed we know: 

Thus, 

ln(Plow) + ln(P high) 
2 = ln(P median). 

2 ·In (P._)-ln(P ,,,) 
= e 

We then compared the benefits of stabilizing future fuel prices for electric ratepayers using 
the three methods to calculate the estimated variance in future fuel prices (see Tables B-3a and 
B-3b for results using the 1987 and 1988 DRI forecasts). We computed the present value of the 
term B/X for various discount rates (0% and 24%). We assumed that electricity sales increased 
by 2.4% per year over the forecast period, which was based on the basecase results from EIA' s 

· most recent long-term projections (EIA, 1989). The present value of the term B/X using the 
unmodified DRI forecast to estimate the variance is between 0.39% and 0.43% over this range of 
discount rates (see Tables B-3a and B-3b). The two alternate variance methods give higher esti
mates of the risk stabilization benefits (about 0.6 to 0.8) using the 1987 DRI forecast. This trend 
is less pronounced for the 1988 DRI forecast; only the extrapolated variance method has higher 
risk stabilization benefit than the uncorrected DRI forecast. 

It is important to note that these estimates of the fuel price risk stabilization benefit must be 
modified to account for the difference between. the retail price to the consumer and the wholesale 
price to the utility before they can be applied to the bid evaluation framework. For example, if a 
consumer had an annual electricity bill of $1000 (i.e., if X= 1000), then with B/X = 0.4%, the 
consumer would benefit by $4 from the switch from gas to coal. This $4 should be credited 
towards the bid of the coal-based bid. Since the ratio of wholesale to retail electric price 
(Ws/Rt) is typically between 1/2 and 2/3, the bidder should receive a credit of $4 on each $600 
I 

of electricity sold (assuming Ws/Rt = 0.6). This constitutes· a credit of $4/$600 = 0.66% of 
wholesale price to the bidder. This procedure can be expressed algebraically as: 

X = C · Rt where C = Wholesale cost. 
Ws' 

B B/X 
= c Ws!Rt 

= $41$1000 = 0.66% 
0.6 
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Real 
Discount 

Rate 
0% 
3% 
6% 

12% 
24% 

Table B-3a. Sensitivity analysis of fuel price risk premium 
using alternate variance methods 

(1987 DRI Forecast) 

---Fuel Price Risk 
DRI Log 

Forecast Normal 
0. 41% 0. 98% 
0.41% 
0.40% 
0.39% 
0.35% 

0.93% 
0.87% 
0.76% 
0.60% 

Pr emi urn--
Extrapolated 
Variance 

0.65% 
0.63% 
0. 61% 
0.56% 
0.45% 

Me an -Me d i an 
Discrepancy 

10.7% 
10.7% 
10.7% 
10.8% 
11.2% 

Assumed Growth rate of electricity= - 2.4% 

Real 
Discount 

Rate 
0% 
3% 
6% 

12% 
24% 

Table B-3b. Sensitivhy analysis of fuel price risk premium 
using alternate variance methods · 

(1988 DRI Forecast) 

---Fuel Price Risk 
DRI Log 

Forecast Normal 
0. 42% 0. 39% 
0.43% 0.38% 
0.43% 
0.43% 
0.40% 

0.38% 
0.36% 
0. 32% 

Pr emi urn--
Extrapolated 
Variance 

0.76% 
0.73% 
0. 69% 
0.62% 
0.48% 

Me an -Me d i an 
Discrepancy 

5.6% 
5.7% 
5.8% 
6.0% 
6. 1% 

Assumed Growth rate of electricity = 2.4% 

5. The Error of Using Median Value Forecasts 

Underestimation of the high gas price forecast also leads to more serious errors in estimat
ing the fuel price risk premium because future gas costs should be calculated as the expected 
present value (EPV) of the cost of gas. Unlike the median, the expected value depends on the 
high and low forecasts. Thus, an underestimated high gas price forecast leads directly to an 
underestimated EPV. Under the heading Mean-Median Discrepancy, Tables B-3a and B-3b 
show the extent of this bias for the two DRI data sets. The effect is about 11% for the 1987 fore
casts and about 6% for the 1988 forecast. 

A more elementary mistake can be made if a utility uses the median forecast in its compu
tation of EPV, as if it were the mean forecast. Then, any time the future distribution of gas 
prices was skewed to the right, th<? expected present value would be underestimated. This mis
take would lead to a downward bias in the estimate of EPV. 
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6. Incorporation of the Fuel Price Risk Premium into Bid Evaluation Systems 

One way to incorporate the value of fuel diversity into a utility's) bidding system is to adjust 
the bidder's energy price bid using the following formula: 

Adjusted Price = (1 + Risk Factor) x Price. 
The adjusted price could be used in the point system exactly as price was used. Based on our 
analysis, the effect of this adjustment would be small, and would tend to favor projects that used 
non-oil and gas fuels. 

B-9 



References 

1. Energy Information Administration, "Annual Energy Outlook 1989: With Projections to 
2000" DOE/EIA-0383(89), 1989. 

2. Huntington, H. G. 1986. "Recommendations for Enhancing the Measure of Net Economic 
Benefits in the Analysis of Oil Stockpiling." 

3. Newbery, M.G. and Stiglitz, J.E. 1981. The Theory of Commodity Price Stabilization 
Clarendon Press, Oxford. 

B-10 



Appendix C 

National Benefits of Reduced Oil/Gas Consumption 

Because oil and gas are non-renewable resources, reducing the use of these fuels can have 
the benefit of reducing their long-run price. This benefit is external in the sense that it flows to 
all consumers, and not simply to those responsible for reduced oil c:md gas use. In this appendix, 
we provide some very rough estimates of the possible economic benefits of reduced oil con
sumption to the nation. 

1: The Link Between Oil and Gas Merkets 

We assume that a utility that purchases power from a producer that uses an alternative fuel 
(e.g., coal, hydro, biomass) effectively displaces some fraction of the potential oil aml gas 
demand of the utility sector. Currently, oil- and gas-fired generating units are the marginal 
resources for most U.S. utilities. Gas is the dominant fuel, although much of the fossil-fueled 
U.S. generating capacity has the capacity to switch fuels. 

In our analysis, we initially make the assumption that oil and gas are close substitutes over 
the longer term, which allows us to treat the complex links between world oil and gas markets in 
a quite simplified fashion. Over the long-term, we assume that using coal as an alternative fuel 
reduces the world demand for oil. This view is not realistic as these markets are functioning 
today. Currently, the linkage of oil and gas markets is weak because of substantial availability 
of gas supplies at low costs. Over the longer term, the ability of freed up gas to displace 
imported oil depends on one's view of the gas markets. If the weak linkage continues over the 
long run, this implies that the marginal cost of new gas supplies are not much higher than current 
embedded costs. The opposite view is that increased gas consumption will use up today's inex
pensive supplies more rapidly. Moreover, the marginal cost of new gas supply is higher than 
current embedded costs and increasing. Under these conditions, the linkage of oil and gas mark
ets is strong. Our analysis is based on the assumption of strong linkage. Therefore the estimates 
of the substitution benefits represent upper bounds. Should this view be incorrect, the benefits 
will be substantially lower. 

We are particularly interested in the relationship between reduced world oil demand and 
the price of imported oil to the United States. Reduction in U.S. oil imports benefits the national 
economy by increasing domestic purchasing power and reducing the trade deficit. We assume 
that reductions in the price of domestic oil are in effect wealth transfers from U.S. producers to 
consumers, but have no significant net impact on the nation. The generation of electricity from 
non-oiVgas energy sources reduces the global demand for oil and thus its price. To the extent 
that the U.S. is a net importer of oil it will benefit from this price reduction. This appendix seeks 
to estimate the magnitude of this effect. We first explore the medium-run version of this effect, 
and then use the analytical framework developed in that section to explore long-run effects. 
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2. A Medium-Run Static Model 
The response of oil price to a change in demand is far greater in the medium-run than in the 

long run. By medium-rim we refer to the period of time during which the industry's capacity to 
produce is essentially fixed. Long-run refers to the period after capacity has been adjusted to the 

_new level of demand. Unfortunately, the details of the medium-run price response depend on 
the internal dynamics of the OPEC cartel and are thus unpredictable in any level of detail. How
ever, Hogan (1988) has demonstrated that OPEC pricing is sensitive to changes in capacity utili
zation and so on average a significant price response should be expected. In the long run world 
oil production capacity will adjust to the level of demand and the medium-run effect, which 
works through excess capacity will disappear. Thus the correct analysis of the effect of a 
demand reduction of one barreVyear is a larget price decrease that gradually dwindles. Estimat
ing these dynamics would stretch already meager data well beyond the realm of credibility, ~o 
we will adopt a static approach. 

Our analysis will consider only the effect of a change in oil price on the U.S, level of wel
fare, and not any possible impact of disruption due to sudden changes in the price of oil. For 
illustrative purposes, we begin with the medium-run analysis which looks at the change in price 
in the current year due to a change in demand that year. This effect will dwindle to zero as the 
capacity of suppliers adjusts to the changed level of demand. One would expect such an adjust
ment might be half complete in about six to eight years. 

Formally, we want to estimate the part of the change in P · Q that is due to a change in P, 
where Pis the price of oil and Q is the quantity imported by the U.S._ We begin the problem by 
solving it for the world. 

d dP 
dQ (P . Q) = dQ . Q + p 

This can be made to appear more simple if we define a world "quanti.ty" elasticity for oil supply 
as 

Tls = dP .Q 
dQ p 

In this case the first equation simplifies to: 

d 
-(P ·Q) = Tls ·P +P 
dQ 

We are interested in the first term, which is the reduction in cost due to the price change if quan
tity demanded is reduced by one barrel. The second term is the reduction in cost dqe to 'not buy
ing the barrel. This effect is obvious and is, of course, always taken into account by utilities 

t "Large" must of course be interpreted relative to the size of the demand change. Since all the 
considered changes will actually be very small, the reader should bear in mind that a response of 
X must be interpreted as a response of expected value X. For small stimuli, this expected value is 
likely to be generated by a large probability of zero response and a small probability of a relative
ly large response. (Think of the impact of a single voter. Normally it has no impact, but very oc
casionally it swings the election.) 
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when they consider which fuel to use. However, the first term, Tls · P, tells us how much the 
world will save if we refrain from the purchase of one barrel per year. 

How much of the world savings accrues to the U.S.? We assume that the U.S. share of sav
ings can be estimated by the share that U.S. imports represents of world oil production, which 
we call m. We can now write down the savings to the U.S. per barrel of oil not used. It is: 

Savings per barrel to U.S. = m ·lls · P 

We can take this one step further and evaluate the savings per kWh by using the number of 
kWhs typically generated by one barrel of oil, which we will call b: 

m ·11 ·P 
Savings per kWh = S = bs (1) 

The most difficult task in estimating savings is choosing a value for the quantity elasticity 

11s· For now, we arbitrarily guess that Tls has a value of 1, which represents a short run elasti
city. In the medium run this elasticity will decrease, eventually to zero. The entire medium run 
effect is made up of successive years of this short-run effect as it dies out. Note that the reduc
tion in oil demand· must continue indefinitely, otherwise the increase in demand as demand 
returns to normal will produce a reverse medium run effect starting at the date at which demand 
reverts to normal. The future price of oil, P, is also difficu.lt to estimate, but it is probably still 
known much more accurately than lls. For this reason the standard error of S cannot be reduced 
much by improving the estimate of P. We will assume that oil prices are $15/barrel (in real$). 
Finally, we will use values for the conversion factor, b, of 580 kWh/barrel, based on an assumed 
heat rate of 10,000 Btu/kWh and the energy content of a barrel of oil (6 x 106Btu/bbl). We 
assume that m is 0.14, which is calculated by dividing a rough estimate of world oil production 
(50 million barrels/day) by U.S. imports (about 7 million barrels/day). Savings can now be 
estimated. 

S = m · lls · P I b 

S = .14 x 1 x $15/580 = $. 00357 = .36¢ I kWh=36mills /kWh (2g) 

3. A Long-Run Static Model 

We now consider the impact of a one unit change in Q0 (where Q0 = Q (0), and 
P0 = P (0) ) on the future path of P. The next section will show that we can expect P to rise at 
the rate ert, and so any change in P0 will propagate to all later times. We now ask not for the 

change in P · Q , by which we previously meant the change in P0 • Q0 , but for the change in 

00 

J P (t) · Q (t) · e -rt dt 
0 

that is due to a change in price. This integral is, of course the present value of our stream of 
future oil imports. Now, employing the coming result on the growth of P(t) we have: 

00 

present v_al?e of = J P. . en . Q (t). e -rt dt 
all future 011 Imports 

0 
° . 
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' . 
00 

Or, for short: 

IV = P0 ·Q* 

We define the long-run quantity elasticity as: 

dPo Qo 11 = -.-·-. 
dQo Po 

We then follow the ap~roach used in our short-run analysis and determine: 

d!V -P = dPo ·Q* 
dQo dQo 

dN Q* 
--P - ll·P ·-
dQo - o Qo 

This gives us the savings for the world, and once again we ·must convert to savings for the U ,S. 
This reqQires multiplication by the ratio of q*,the total future imports of the U.S., to Q*, total 
world imports. This gives: 

Savings per purchased barrel to U.S. 

Savings per purchased barrel to U.S. = m* ·11 · P0 , wherem* = ~ 
.· Qo 

Note that m*, a measure of imports, is much larger than our previous measure of irn,ports, m. 
M* measures the ratio of all future U.S imports to the current year's world production. We esti
mate it to be 16. This is equivalent to assuming that the U.S. imports an average of 10 million 
barrels/day for 80 years. The final conversion is to kWh and works the same as before. 

Savings per kWh = 5- = m* ·11 · P0 I b (3) 

4. The Elasticity of Oil Price with Respect to Quantity 

We must now evaluate 11· This means answering the question: how much lower would the 
price of oil be if the U.S. used less oil? To estimate this elasticity we need a model of the oil 
market. Hogan (1988) has reviewed oil market models and finds a dichotomy between long-run 
optimizing models and adhoc behavior models aimed at characterizing the dynamics of adjust
ment. We are interested in a long run model. Havin~ no hope of predicting the dynamics of 
OPEC for the next 20 years, we will have to settle for trying to estimate the expected elasticity 
given our limited infoqnation. We will however adopt the DOE's Oil Modeling System as a 
characterization of the oil market. That is, we will take OPEC to be an effective cartel, and 
assume that other producers form the competitive fringe of the market. In other words, OPEC is 
the price leader and other producers are price followers. Although OPI;:C is clearly not an 
optimizing ~artel, this approach will allow us to model that fact by simply reducing its size, thus 
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giving it less power. Of course, there is no way to gauge OPEC's average effectiveness over the 
next 20 years with any degree of precision. 

Because price followers base their production on price, but OPEC does not take price as 
given, it has an elastic demand function. We write it as follows, Q (P ), where P is world oil 
price as set by OPEC. Now OPEC's problem is to maximize profit as given by: 

II= P·Q-C·Q~P·Q (4) 

To simplify our initial inquiry into this problem we are assuming that C = 0. This is not a bad 
assumption since lifting costs are only 1$ or 2$ per barrel. We define OPEC's elasticity of 
demand as: 

(5) 

We now consider OPEC's long-run view. It can choose either P or Q, but not both. For 
now we think of it as choosing Q(t) at each point in time from now.,until T, the exhaustion date 
of it's resources. In doing this, OPEC wants to maximize the present value of its profit stream, 
Le., 

T 

maximize: II = fP (t) · Q (t )e -rt dt. 
0 

This is a problem in the calculus of variations because OPEC is optimizing not over a variable 
but over the set of all functions Q(t). Fortunately, this is a solvable problem, at least in the case 
where the 11 is constant. We assume that 11 is constant. This isn't such a bad assumption since 
we (and more importantly OPEC) probably know nothing about how it will change. 

To solve this problem we consider a small perturbation in Q at times t 1 and t 2. That is we 
consider (for OPEC) transferring some small amount of production, q, from time t 1 to time t 2. If 
profit is maximized with respect to this transfer for every possible time pair, then we have the 
optimal path for Q(t). We now differentiate profit with respect to this perturbation q. 

dii = { dP(t) I ·Q(tl) + P(tl)}·e-rti- { dP(t) I ·Q(t2) + P(t2)}·e-rt2 (6i) 
dq dq lti dq lt2 

This can be simplified by using the quantity elasticity: 

11ri = dP (t) II . Q (t 1) ' 

dq lti p (tl) 

and the analagous definition of1112• Substituting these into (6) gives: 

[11ri. p (tl) + p (tl)]. e -rri_ [11rz. p (t2) + p (t2)]. e -rtz = 0 

Now imposing our assumption that 11 is constant we have 

P(tl) = P(t2)·e-r(t2-ti) (7) 

This is an example of Hotelling's principle that price will increase at the discount rate (see 
Marshalla [1986] for an example of an optimization-based model based on this principle. 
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We now know the sha,pe of the curve and only need a single point to fix it. Contrary to 
what might be expected, we choose the price at the exhaustion date, T, to fix the curve. At this 
date the price must equal that backstop price, which we assume follows an exponential decrease: 

(8) 

Thus at timeT the packstop price is Pb(O) ·e-aT. Using T as t 2 and the present as t 1 in equation 

(7) we have: "' 

Po = pb (0). e-aT. e-rT 

Now we can see the effect we wish to estimate. If the U.S. substitutes coal for oil, this will delay 
the exhaustion date and thus both reduce the backstop price at the exhaustion date and increase 
the discount from then all the way to the present. These two effects show up in the two 
exponents of the above equation, both of which contain the exhaustion date T. 

Now consider a chanfie in the Q0 • It causes a change in price, which causes a change in the 

quantify solq at all subsequent dates. We let Qt be the average annual value of this quantity. So 
the exhaustion date T, should now be thought of as a function of both Q0 and Qt. To evaluate 
equation (3) we need the elasticity of P0 with respect to Q0 , which we can now evaluate as fol
lows: 

dPo ([J' = --·-.-. ar dQ0 

ar 

dP0 ar Qo -----
11 

dP0 Qo ar aQ
0 Po 

= ---- = 
dQo Po dPo ar dQt 

1- ar aQt dP
0 

To evaluate this, we must evaluate three derivatives: 

dP0 = -P0 ·(a + r) ar 
ar 
aQr 

= 
T 
Qt 

aQt Po = lld = --7 aQt = _ Qt 
aP0 Qt aP0 P0 

Here 11d has been estimated to be -1. Equation 9 can now be evaluated as follows: 

1 Qo 
P ·(-a-r)--

o Qt Po 

1 + P
0

(a+r).Z... Qt 
Qt P0 

(9) 



Which simplifies to: 

- c · (a +r) h _ Qo 
11= , werec- . 

1 + (a +r) · T Qt 

Assume that c = 1, a= .01 and, r = .025, T = 80. T~en 11 = .035. We can now evaluate 
(3) as follows: 

Savings per kWh = S = m* ·11· P0 I b 

S = 16x.0092x$15/580 = $0.0037/kWh = 3.7millslkWh 

This value (3.7 mills/kWh) represents an average long-term value expressed in real dollars. At a 
minimum, we would expect that the long-term value would increase at the same rate as the 
increase in nominal oil prices; thus long-run effects of reduced oil demand if incorporated into 
bid evaluation systems, may also be large enough to affect the outcome of electric power auc
tions. 
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AppendixD 

Simulation of a Large-scale "Closed" Auction: Creating Representative Bids 

We developed a method to simulate the bids submitted by potential suppliers in a utility's 
power auction, because, in almost all cases, the bids are not publicly available. In this appendix 
we discuss the key parameters that were used to describe bids, discuss prcoedures used to deter
mine the mean value and range of each variable, and describe how input values were determined 
for each variable. 

1. Deterministic or Random Simulation 

In the broadest sense, bids can either be created through random or deterministic pro
cedures, or a combination of both approaches. Bids can be generated from probability distribu
tions that describe the variation in key parameters. The difference between the approaches lies 
in whether points from the distributions are chosen randomly or deterministically. To illustrate, 
let us assume that projects offered by bidders fall into one of three technology groups: coal, coal 
waste, and gas (referredto as technology types 1, 2, and 3.) We know that the probabilities of 
these bid types were 20%, 30% and 50% respectively in an actual auction. If we want a cluster 
of 10 bids, using the deterministic procedure would give us two bids of type 1, three of type 2, 
and five of type 3. With random simulation, each bid that is generated has the appropriate pro
bability of being of type 1, 2 or 3. Thus, the random procedure will yield these same proportions 
on average, but is not guaranteed to produce these results in any individual case. 

Deterministic simulation gives more realistic results where the procedure being evaluated 
does not depend crucially on coincidences which are forbidden under the deterministic pro
cedure but allowed under the random procedure. We think this is unlikely to be the case in the 
present context. We used deterministic procedures for determining the set of values for each 
variable. Once these values were chosen they must still be combined to form bids. For example, 
if a bid can be described by two variables (e.g., X is project capacity, Y is bid payment) and we 
have chosen ten values for each, we must still decide how to pair those values. Pairing Xl with 
Yl and X2 with Y2 will probably result in a high correlation between the two variables. In fact, 
in most cases, we would like to assure that the values are not correlated. This can be achieved 
either deterministically or randomly, but we chose to make the ordering random because a deter
ministic algorithm that works for any size bid cluster is much more difficult to implement. 

,. 2. The Bid Description 

In our large-scale auction, supplier bids for each technology type were are described by 
four variables: generating capacity (C), fixed cost (F), variable cost (V), and fuel cost uncertainty 
(U). We picked sets of these four variables in creating our group of bids. The first three bid 
descriptors (C, F, and V) can in principle take any positive real value. Fuel cost uncertainty (U) 
is a qualitative dummy variables whose value was determined by fuel type (i.e., coal or gas). 
Thus, U contains part but not all of the information on technology choice. 
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3. Choosing Bid Technology (i) and Fuel Uncertainty (U) 

The first step in simulating a bid is to choose the technology type (i). The cluster simula~ 
tion method should be capable of producing bid clusters of any size, from single bids to a group 
of 5Q-1 00 bi~s. Therefore, we need a method of choosing a set of technology types that gives 
the best fit to our probability distribution on technology types for a specified number of bids. 

Let fi. be the r¥al-world fraction of bids that are based on technology type i. Assume that 
we have already selected the technology type for the first n bids (n may be zero). Let Pi be the 
fraction of the n bids that have already been selected that are based on technology type i. How 
do we select the technology type of the next bid? We adopt a rule that finds the type of technol
ogy that is most under-represented. In other words, select the value of i that maximizes Pi ...,... Pi. 

When selecting a total of N bids by the above method, all that needs to be kept track of is 
the total number of bids from each type of technology. These totals will be denoted by Ni . 

Once the technology type of a bid has been specified, the value of U, the fuel type uncer
tainty varjabl¥ was determined automatically. If i = 1 or 2 (coal or waste coal), then U = 1, 
while if i = 3 (gas), then U = 2. 

4. Choosing Variable Cost (V) 

We then made the simplifying assumption that variable costs were independent of both 
fixed costs and capacity; we also believe that this is a fairly reasonable approximation. The dis
tribution of variabl¥ costs thus depends only on the bid's technology type. 

The qistribution of variable costs must allow only positive values. One of the most natural 
· continuou~ distributions with this property is the log-normal distribution. Given our current lack 
of direct evidence on the subject, we assumed that variable costs have a log-nonnal distribution. 
We set tpe mean of that distribution (J.li) based on the expected fuel costs for each technology 
type (coal, waste coal, and gas), as reflected in Virginia Power's assumptions. The variance of 
each distribution was more difficult to estimate. We estimated the coefficient of variation of 
variable costs for each technology based on expert judgment, which was then used to calculate 
the standard deviation of variable costs. 

The next problem was to choose Ni points from the given log-normal distribution. These 
points should be at the centers of Ni consecutive equal area regions of the log-normal density 
function (see figure D-1). If F(V) gives the cumulative log-normal distribution function associ
ated with V, then the appropriate values of V can be chosen as follows. 

(1) 

We also want to mal<:e sure that variable costs (V) were uncorrelated with fixed costs (F) and 
capacity (c). lf we applied a procedure like this to those variables, we would end up with perfect 
correlation,. The most convenient way to avoid this problem was to randomize the order of the 
already ~elected V; 's. 

In practice, we found that points in the extreme tails of the distribution created bids that 
were unrealistic. Hence, we truncated the lowest and highest 10% of the distribution&, selecting 
values that r~presented only the middle 80% of the distribution. 
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Figure D-1. · 8 Values at the Centers of 8 Equal Area Regions 
of a Log-Normal Density 

5. Choosing Capacity (C) 

The procedure for choosing capacity (C) was similar to the procedure used in creating vari
able costs for each bid. We used a a log normal distribution and estimate its mean and variance 
from a sample mean and range. We then randomized a set of deterministically chosen values. 

6. Choosing Fixed Costs (F) 

Each technology type implies a relationship between capacity and expected fixed cost (e.g., 
economies of scale). For example, for coal, we assumed that the relationship has the form: 

E (F) = a· C ·8 (2) 

The first step in determining fixed costs was to compute E (Fi) for the appropriate technology. 
The expected value of Fj serves as the mean of the log-normal distribution from which the 
actual Fi will be chosen. 

Again, we used a set of evenly spaced log-normal values that have been randomized. We 
first, choose a coefficient of variation (CV) for the Fixed costs. Then, from a log-normal distri
bution with mean 1 and standard deviation CV, we selected Ni values that were spaced as in 
equation (1). We applied an order randomization technique as described above, and called the 
resulting values Lj. The Ni fixed cost for bids from technology i are now selected as follows: 

(3) 
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7. Input Parameters 

The following table shows the list of parameters needed for generating a cluster of bids. In 
this section, we discuss the value of each parameter, along with the method used to select that 
value. 

i = (1,2,3) =(coal, coal waste, gas) 
p. 

I The probability of each technology 

E(V;), SD (V;) For Variable Cost 

E(C;), SD(C;) For Capacity 

a;. P; As in E(F) = aC P, where C = capacity 

CV(F;) For Fixed Costs 

The probabilities (P;) of selecting each of the three technologies were derived from the 
"Virginia Power Bi<;l Information Summary", hereafter referred to simply as VP (see Table 5-5). 
Virginia Power received 41 coal bids, 13 coal waste bids, and 24 oil-and-gas bids, along with 
several bids of miscellaneous type. We then calculated the probability of each technology type 
assuming that the number of bids represented the expected value (excluding the few misc;ellane
ous type bids): 

pl 
p2 

p3 

= 
= 
= 

52.6% 
16.7% 
30.8% 

Mean values for the variable costs of the three 'technologies were based on proprietary data 
relating to bids submitted to VP. 

E (V 1) = 18.5 mills/kWh 
E (V 2) ::::; 11.5 mills/kWh 
E (V 3) = 28.0 mills/kWh 

The standard deviations were based on the above estimates of the mean and on expert judgement 
of the coefficient of variation of variable costs for each of the three fuel types. We estimated 
that the coefficients of variation were 0.1, 0.2 and 0.2 for coal, coal waste, and oil-and-gas, 
respectively. This produces the following estimates of the standard deviations. 

SD (V 1) = 1.85 mills/kWh 
SD (V 2) = 2.30 mills/kWh 
SD (V 3) = 5.60 mills/kWh 

We computed the average capacity for each technology type based on public information 
on the number and total capacity of bids for each type that was released by Virginia Power from 
their RF.l'. We calculated the following mean values: 

E (C 1) = 200.3 MW 
E(C2) = 82.2 MW 
E ((; 3) = 201.8 MW 

We then estimated the standard deviations of capacity from these expected values and coefficient 
of variation for each technology. The coefficient of variation was derived from the set of VP 
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bids absent any bids that were clearly not from the technologies under consideration. The 
coefficient of variation of the capacity of the remaining bids was found to be 1.16. The implied 
standard deviations are: 

SD (C 1) = 232.3 MW 
SD (C 2) = 95.4 MW 
SD(C3) = 234.1 MW 

Note that there is no problem with the standard deviation being greater than the expected value. 
This is possible with a log normal distribution, and no negative capacities will be simulated. 

The next two sets of parameters are associated with the equation that links the expected 
value of fixed costs with capacity'. Once again, that equation is: 

E (FixedCost) = a· Capacity~ (4) 

Fixed cost in the above equation refers to the total fixed cost of a project, which is not the same 
as the variable, F, the fixed cost per kWh of capacity, used in our bid simulation. We can re
write the above equation in terms of the bid simulation variables: 

E(F ·C ·1000) = a·C~ (5) 

The "fixed cost" in now in dollars, and the capacity in megawatts. For the first two technologies, 
coal and coal waste, the value of~ was estimated to be 0.8, based on expert judgement. We then 
solved for a as follows: 

a= 
F ·C(l-~) 

1000 
(6) 

We were able to obtain two data points for each technology from proprietary sources involved in 
the VP bid that were used to fit this equation. For coal, the first data point is (F=330, C=300) 
and yields an estimate of a = 1.033. The second is (F=225, C=75) and yields a = .534. We 
used the average of these two values of a. 

For coal waste, the first data point is (F=390, C=80), which yields a = .937, and the 
second point is (F=440, C=50) which yields a = .962. Again, we used the average. 

For oil and gas technology we have no expert estimate of the economies of scale, ~. but we 
do have two data points from actual bidders. Consequently, we were forced to estimated both a 
and ~ from these two points. The formula for ~ is the following: 

In (F 2) - In (F 1) 
~ = 1 + (7) 

In ( C z) - In ( C 1) 

The two data points are (F 1 = 130, C 1 =220) and (F 2=200, C 2=45). These yield estimates for a 
and ~. which are shown in the following table along with those for coal and waste coal. 
Coal a 1 = .78 ~1 = .8 
Waste Coal <lz = .95 ~2 = .8 
Gas a3 = .56 ~3 = .73 

The last parameters needed for bid-cluster simulation, are the coefficients of variations of 
fixed costs (Fi) given a, ~. and Ci. (These could equally well be viewed as coefficients of varia
tion for the three a's.) As an admittedly rough estimate of these parameters, we used the 
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coefficient of variation of the two estimates of a1 of the two coal data points (1.003 and .534). 
For lack of data we were obliged to use this same estimate for all three technologies. 

CV(F 1) = .32 
CV(F 2) = .32 
CV(F 3) = .32 

We then created a cluster of 90 bids in our simulation of a large-scale dispatchable auction 
using the methods described in this appendix; values for simulated bids are summarized in Table 
D-1. 
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Table D-1. Bids used in simulation of large-scale "closed" auction. 

Technology Plant Fuel Variable Fixed 
Type No. Type Capacity Cost Cost 

(MW) ( $/MWh) ($/kW) 

---------- ------ ------ ------
COAL 1 COAL 408. 19.42 227.07 
COAL 2 COAL 377. 17.70 240.19 - COAL 3 COAL 350. 20.82 322.58 
COAL 4 COAL 328. 20.07 224.97 
COAL 5 COAL 308. 18.73 187.82 
COAL 6 COAL 290. 18.33 288.13 
COAL 7 COAL 274. 20.19 263.01 
COAL 8 COAL 260. 16.27 281.34 
COAL 9 COAL 247. 19.52 288.48 
COAL 10 COAL 235. 20.64 201. 62 
COAL 11 COAL 224. 17.86 330.85 
COAL 12 COAL 214. 18.25 190.76 
COAL 13 COAL 205. 18.89 319.17 
COAL 14 COAL 196. 18.10 354.17 
COAL 15 COAL 188. 18.57 279.87 
COAL 16 COAL 180. 19.72 260.45 
COAL 17 COAL 173. 16.89 391.34 
COAL 18 COAL 166. 18.49 240.72 
COAL 19 COAL 159. 17.94 249.54 
COAL 20 COAL 153. 20.33 190.55 
COAL 21 COAL 147. 17.18 310.82 
COAL 22 COAL 141. 18.81 288.37 
COAL 23 COAL 136. 16.99 279.26 
COAL 24 COAL 131. 16.55 289.05 
COAL 25 COAL 126. 19.62 216.56 
COAL 26 COAL 121. 19.23 194.45 
COAL 27 COAL 116. 18.97 351.71 
COAL 28 COAL 111. 17.53 271. 67 
COAL 29 COAL 107. 17.27 239.95 
COAL 30 COAL 103. 17.09 329.09 
COAL 31 COAL 99. 19.06 270.79 
COAL 32 COAL 95. 16.78 329.90 
COAL 33 COAL 91. 17.45 259.92 
COAL 34 COAL 87. 18.41 266.09 
COAL 35 COAL 83. 19.33 272.37 
COAL 36 COAL 80. 16.67 399.46 
COAL 37 COAL 76. 18.64 448.86 
COAL 38 COAL 72. 18.02 374.37 
COAL 39 COAL 69. 19.95 311.37 
COAL 40 COAL 66. 16.42 251.32 

''\ COAL 41 COAL 62. 19.83 276.16 
COAL 42 COAL 59. 17.62 441.22 
COAL 43 COAL 55. 19.15 244.78 

~~ COAL 44 COAL 52. 18.17 320.70 
COAL 45 COAL 49. 17.36 432.88 
COAL 46 COAL 45. 20.48 289.71 
COAL 47 COAL 42. 17.78 253.21 
---------- ------ ------ ------
AVERAGE FOR TECHNOLOGY 157. 18.45 288.23 
ST. DEV. FOR TECHNOLOGY 94. 1. 22 64.15 
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Table D-1 (continued) Bids used in Simulation of Virginia Power Auction 
•, 

Technology Plant Fuel Variable Fixed 
Type No. Type Capacity Cost Cost 

(MW) ($/MWh) ($/kW) 

---------- ------ ------ ------
WASTE COAL 1 MSCL 154. 11.76 344.63 
WASTE COAL 2 MSCL 125. 12.10 330.56 
WASTE COAL 3 MSCL 105. 11.60 447.84 .. 
WAS'rE COAL 4 MSCL 90. 10.44 276.39 
WASTE COAL 5 MSCL 78. 11.29 317.25 
WASTE COAL 6 MSCL 69. 10.21 554.65 r-

WASTE COAL 7 MSCL 61. 12.82 278.68 
WASTE COAL 8 MSCL 54. 11.14 375.06 
WASTE COAL 9 MSCL 47. 10.98 367.79 
WASTE COAL 10 MSCL 42. 12.54 511.37 
WASTE COAL 11 MSCL 37. 10.64 500.79 
WASTE COAL 12 MSCL 32. 10.82 602.54 
WASTE COAL 13 MSCL (.7. 12.30 371.8€; 
WASTE COAL 14 MSCL 23. 11.92 525.72 
WASTE COAL 15 MSCL 19. 11.44 503.86 
---------- ------ ------ ------
AVERAGE FOR TECHNOLOGY 64. 11.4 7 420.60 
ST. DEV. FOR TF;CHNOLOGY 38. 0.75 102.37 

Technology Plant Fuel Variable Fixed 
Type No. Type Capacity Cost Cost 

(MW) ($/MWh) ($/kW) 

---------- ------ ------ ---,....--
GAS 1 NG 401. 26.33 120.38 
GAS 2 NG 353. 30.01 113.52 
GAS 3 NG 317. 30.30 138.62 
GAS 4 NG 287. 25.87 97.34 
GAS 5 NG 262. 29.73 138.40 
GAS 6 NG 241. 30.99 96.53 
GAS ·7 NG 222. 27.17 109.65 
GAS 8 NG 206. 28.79 165.14 
GAS 9 NG 192. 30.63 88.91 
GAS 10 NG 179. 27.37 139. 6? 
GAS 11 NG 167. 27.96 124.26 
GAS 12 NG 156. 28.37 163.41 
GAS 13 NG 146. 25.05 154.46 
GAS 14 NG 136. 27.56 105.56 
GAS 15 NG 128. 28.16 136. 62 
GAS 16 NG 120. 26.11 142.25 
GAS 17 NG 112. 31.42 218.15 ,. 
GAS 18 NG 105. 26.55 192.39 
GAS 19 NG 98. 29.48 153.68. 
GAS 20 NG 91. 29.24 121.80 
GAS f1 NG 85. 28.57 217.24 

.• 
GAS 22 NG 78. 26.76 230.14 
GAS 23 NG 72. 24.71 182.32 
GA~ 24 NG 66. 25.35 174.29 
GAS 25 NG 61. 25.62 159.44 
GAS 26 NG 55. 26.96 155.98 
GAS 27 NG 49. 29.01 133,88 
GAS 28 NG 43. 27.76 157.72 
---------- ------ ------ -:------
AVERAGE FOR TECHNOLOGY 158. 27.92 147.56 
ST. DEV. FOR TECHNOLOGY 95. J-.84 36.34 

D-8 
/I 



Appendix E 

Simulation of a large-scale "closed" auction: Optimization results 

This appendix describes our approach and results in using EGEAS's Benders decomposi
tion option to select a set of planning alternatives from a distribution of simulated bids. We 
offer the initial caveat that our EGEAS simulation was limited by some of the peculiarities and 
constraints of the EGEAS model as applied to our application. These include: a limit on the 
number of projects that can be examined concurrently, difficulty in getting the Benders decom
position algorithm to converge consistently, and the generally difficult and unfriendly EGEAS 
user interface. 

We began by generating a distribution of 90 bids using the process described in Appendix 
D. We were forced to evaluate bids in an elimination style tournament because EGEAS has a 
limitation of 30 planning alternatives. The 90 bids were divided into three heats of 30 bids each. 
To assure uniformity of the heats, the planning alternatives were sorted by technology and capa
city and then evenly distributed. Specifically, for each technology the largest, fourth largest and 
seventh largest projects were grouped together as were the ,second largest, fifth largest, and 
eighth largest projects, etc. 

·The optimization was conducted over a ten-year planning period (1988-1998) and new 
plants were selected based on their relative life-cycle costs over a 30-year forecast period. Thus, 
the financial implication of the construction of each plant was evaluated over a long-term time 
horizon. 

In some cases it was not possible to get the Bender's algorithm to converge (run to comple
tion) throughout the entire ten-year planning period. This occurred when the problem is improp
erly constrained or there was insufficient capacity in the planning alternatives to meet system 
demand and reliability constraints. In some cases the optimization period was shortened to 
accommodate these constraints and the tournament was held on ·a shorter planning horizon. In 
the worst case the optimization period was truncated in 1995. We recognize that this may affect 
our choice and relative timing of bid acceptance, but believe the ultimate effect to be small, par
ticularly since we always optimize over the period in which Virginia Power planned to accept 
bids (1990-94). 

Plants that were accepted by the optimization algorithm between 1990-1994, the planning 
period specified by the Request for Proposal (RFP) (Virginia Power 1988a), advanced to further 
rounds of competition. Although running this sort of multi-round elimination tournament is not 
as desirable as running a single-round tournament, we suspect that its effect on the final outcome 
of the auction is minimal. 

Benders decomposition does not require plants to be of integer size. In some cases the final 
solution can ask for some fractional capacity of a bid. Because we constrained each bid to being 
accepted only once we found that in nearly every case EGEAS elected to build the entire plant 
that was built. Sometimes, it took more than a single year to accept all of a plant. We interpreted 
this to be a case where a plant may come on line in the middle of the year rather than at the 
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beginning. In this case we accepted a bid if all of the plant's capacity were needed by the end of 
the period specified in the RFP. 

Each initial run of 30 bids a~cepted 13-18 bids. Typically, a second round would consist of 
two runs each with 23-27 bids. Plants were sorted by type and size and then divided into two 
uniform groups by capacity. The winners from the second round advanced to a final round. Final 
round winner~ were considered to be bids that were selected. 

Three different simulations were performed using the 90 bid set. A base case, which used 
the Virginia Power system as described in the RFP and avoided cost filing, and two sensitivity 
cases, one case with higher gas and distillate prices (see Table E-1) and a second case in which 
the fixed cost of each coal and waste coal project was reduced by $40.00/kw-yr. The results of 
the sensitivity analysis are summanzed in Tables E-2 and E-3. 

Performing the optimization and creating proper EGEAS input is a time consuming pro
cess. EGEAS has an archaic and frustrating user interface, while the Bend~rs decomposition 
option had difficulty finding solutions and frequently required a lot of effort to be made to run. 
It was often nece~sary to alter reliability constraints in order to get Benders to proceed beyond 
the first few iterations. EGEAS provides very little guidance as to the cause of the problem. We 
found that this occurred most often when the early iterations of Benders violated constraints on 
unserved energy. We were able to get past these early rounds by raising the allowable unmet 
energy to be fairly high (over 10% in some cases). In the final plans generated the unserved 
energy levels fell to reasonable levels (i.e. 100 GWh/year maximum) that could be met with 
emergency power. 

EGEAS was designed to solve the capacity expansion problem, which is typically a larger 
and combinatorially more complex. problem than the 0-1 bid-takers problem. For this reason 
EGEAS was able to solve the largest of our auction problem quickly and easily once conver
gence problems were eliminated. The constraints on the number of planning alternatives (30 for 
linear programming and Benders decomposjtion and 10 for dynamic programming) seems 
artificial and too low for bid evaluation. Virginia Power received nearly 90 bids in their auction. 
EGEAS would be a much better tool if these constraints were relaxed. It is also possible that 
another optimization algorithm, which is designed to take advantage of the 0-1 constraint, may 
be more efficient and easier to use than Benders Decomposition. 

Our use of tunnel constraints to assure that no more than one of each bid can be accepted 
provides us with additional information about each auction because the dual multipliers on the 
tunnel constraint for each plant gives the marginal value of the plant to the utility in that auction. 
The dual prices of each plant accepted by the optimization are listed in Table E-4. The model 
calculates one dual price per bid. We have divided these by plant capacity to express them in a 
somewhat normalized fashion. The normalized dual prices show relative value within a 
scenario. Caution should be used when comparing dual prices between scenarios; because each 
run was conduc~ed with slightly different time and reliability constraints (due to difficulties 
using Bender's decomposition). Thus, dual prices between scenarios reflect costs under different 
time horizons and are not comparable. · 
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Table E-1. Virginia Power and DR! High Gas Price Forecasts 
(in $/MMBTU) 

"' Year 1988 1989 1990 1991 1992· 1993 1994 1995 1996 1997 1998 

VP Forecast * 2.74 2.84 2.45 2.62 2.87 3.15 3.22 3.57 3.98 4.50 5.10 

DR! High Gas Forecast N.A. N.A. 5.14 5.74 6.62 7.70 8.79 10.16 11.56 12.96 14.37 

*Source: Virginia Power Request for Proposal 1988 Bid Solicitation. 
Assumes heat rate of 10,000 MBTU/kWh 

• 
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Table E-2. Bids Accepted by EGEAS in Each Tournament 

Base Case. DRI High Gas Forecast Coal fixed Price Reduced $40.00 
Type Plant Capacity Fixed Variable Type Plant Capacity Fixed Variable Type Plant Capacity Fixed* Variable 

# MW S/MW S/MWH # MW S/MW S/MWH # MW S/MW S/MWH 

============================================== ============================================== ============================================== 
Coal Coal Coal 

5 308 187.82 18.73 5 308 187.82 18.73 5 308 187.82 18.73 
12 214 190.76 18.25 12 214 190.76 18.25 12 214 190.76 18.25 

20 153 190.55 20.33 20 153 190.55 20.33 
25 126 216.56 19.62 
26 121 194.23 19.23 26 121 194.23 19.23 
29 107 239.95 17.27 
40 66 251.32 16.42 40 66 251.32 16.42 

total 522 total 1095 total 862 
average 261.00 189.29 18..49 average 156.43 210.17 18.55 average 172.40 202.94 18.59 

m Waste Coal Waste Coal 2 125 330.56 12.1 Waste Coal 2 125 330.56 12.1 I ..,. 
5 78 317.25 11.29 5 78 317.25 11.29 5 78 317.25 11.29 
7 61 278.68 12.85 7 61 278.68 12.85 

total 139 total 203 total 264 
average 69.50 297.97 12.07 average 101.50 323.91 11.70 average 88.00 308.83 12.08 

Gas 1 401 120.38 26.33 Gas Gas 2 176 113.52 30.01 ** 
4 287 97.34 25.87 4 287 97.34 25.87 4 287 97.34 25.87 
6 241 96.53 30.99 6 241 96.53 30.99 6 241 96.53 30.99 
7 222 109.65 27.17 7 222 109.65 27.17 7 222 109.65 27.17 
9 192 88.19 30.63 9 192 88.19 30.63 9 192 88.19 30.63 

11 167 124.26 27.96 
14 136 105.56 27.56 14 136 105.56 27.56 14 136 105.56 27.56 

20 91 122.8 29.24 

total 1737 total 1078 total 1254 
average 217.13 108.09 28.22 average 215.60 99.45 28.44 average 209.00 101.80 28.71 

* Price Before Reduction 
** 1/2 Capacity used by 1994 
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Table E-3. Sllllll8ry of Tournament Results 

Base Case 
Total . Average 

# of 
· Plants 

2 

2 

8 

Average 
MW 

Capacity Average 
MW S/kW 

522 261 189.29 

139 70 297.97 

1737 217 108.09 

Average Percent of 
S/MWh Capacity 

18.49 21.8X 

12.07 5.8X 

28.22 n.4X 
=======================================~=============== 

12 2398 200 153.27 23.91 

DRI High Gas Forecast 
Total Average 

# of Average Capacity Average Average Percent of 
Plants MW MW S/kW S/MWh Capacity 

7 1095 156 210.17 18.55 46.1X 

2 203 102 323.91 11.70 8.5X 

5 1078 216 99.45 28.44 45.4X 
======================================================= 

14 2376 170 186.88 21.10 

Coal Fixed Price Reduced S40.00/kW·yr 
Total Average 

# of Capacity Capacity Average Average Percent of 
Plants MW MW S/kW S/MWh Capacity 

5 862 . 1n 202.94 18.59 36.2x 

3 264 88 308.83 12.08 11.1X 

6 1254 209 101.80 28.71 52.7X 
======================================================= 

14 2380 170 182.28 21.53 
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Table E-4. Dual Prices ($/kW) 

Bid Capacity Base DRI High $40 Coal 
# MW Case Gas Credit 

~==========~=======================~==~==== 
Coal 5 308 213 344 356 

12 214 227 357 364 
20 153 103 247 244 
25 126 134 45 .. 
26 121 256 271 
29 107 23 
40 66 4 17 

waste Coal 2 125 179 12 
5 78 45 187 
7 61 267 410 

Gas "1 401 '92 
2 354 
4 287 308 937 167 
6 241 273 944 155 
7 222 177 827 40 
9 192 341 1021 229 

11 167 49 
14 136 211 861 74 
20 91 64 
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Appendix F 

Methods used to score eight generic bids in three utility evaluation systems 

In this appendix, we describe how we used the eight project bids that were prepared by 

teams of participants at a workshop sponsored by the California utilities in February 1989. The 

purpose of the workshop was to acquaint the community of regulators and private suppliers with 

the multi-attribute bid evaluation system being proposed by the utilities (see Section 6.1 for a 

more detailed summary of the organization of the workshop and our adaptation,of the bidding 

data to our purposes). We illustrate the differences among the bid evaluation systems of three 

utilities by scoring the same set of eight bids in hypothetical auctions. 

Tables F-1(a,b,c) show a detailed listing of the points awarded for e~ch factor by the three 

utilities: Orange & Rockland Utilities, Boston Edison, and Niagara Mohawk. These tables come 

from the RFP's issued by the utilities and provide a sense of the overall weighting factors that 

will be used to score projects. In addition, the utilities have developed a point system for each 

particular attribute; points are awarded to projects based on their relative benefits to the utility. 

We used these more detailed scoring forms to score our eight generic bids. 

Tables F-2, F-3, and F-4 give the project bid scores for theeight bids in our hypothetical 

auctions conducted by ORU, NMPC, and BECo, respectively. We also provide a detailed 

description of the assumptions that were used to score each factor that was included in the bid 

evaluation system of each utility (see notes that accompany ~ach table). In many case~, it was 

easy to make a direct comparison and translation of the factors that were included in the Califor

nia game to the other three scoring systems. However, in a fair number of cases, we had to make 

subjective judgments about the attributes of each project in order to score it in one of the three 

utility bidding systems. Our assumptions are detailed in the notes that accompany each table. In 

general, where information on an attribute was not available based on the data from the Califor

nia workshop, we tended not to differentiate among the eight bids, so as not to unduly influence 

the relative ranking of the projects . 
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Table F-l(a). Orange & Rockland Qti~ities. 

7.4 PROJECT SCORE SUMMARY TABLE: MA~IMUM AND ESTIMATED 

I. Economic F~c~ors 

A. Price 
B. Dfspatchability 
C. Security Pro~ision 
D. Price risk 

Subtptal 

II. ProJect Status and Viability Factors 

A, 
B. 
c. 
0. 
E. 
F. 
G. 
}i. 

I. 
J. 
K. 
L. 

PERC C~rt~fi~~ti9q a~ QF' 
I 

ProJect schedule and milestones 
Prp~ect ~er~it~ing plan and schedule 
ProJect financ1ng plan and schedule 
ProJect develop~ent team & experience 
ProJect t~c~nology 
Thermal output user 
Engineering d~sigr. 
Wheeling/Interconnection Considerations 
Stability/security of fuel supply 
Site control· 
Form of liquidated damage 1und 

Subtotal 

III. Non-Economic Fa~tors 

A. Fuel type 
B. Locatio!'\ 
C. Environmental benefits 
D. Fuel <thermal> efficiency 
E. Length of contract 

Subtotal 

TOTAL 

F-2 

l'laxim.um 
Possible 
ProJect 

Score 

50,0 
4.0 
Q.5 
0.5 

55.0 

1.0 
2.0 
2.0 
2. 0 
2.0 
2.0 
2. 0 
3.0 
2. 0 . 
2.0 
3.0 
:2.0 

25.0 

4.0 
1. 0 
7.0 
~.0 
s.o 

20.0 

100.0 

Estimated 
Pr9posed 
ProJect 

Score 

-
~ ----· 
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Table F-1 (b) . Boston Edison Company. 

NOTE: This scneaatic shows the 
point range tor each coaponent 
ot the scorinG systea. 

· .... 

'_:; 0 to 10 !···+ 
: :::aazaaaaz:::i:::;::aaazsa:s: .~ ... 

: Design t Enoin. : 0 to ' !···! 
::a:za:::a:::::::::::::::laaa: 

: ·Per'ait. 6 lice,.: 0 to 6 !···! 
: :~:a:zz:a.aa:a::~aa~:aaaaaasa: 

RFP 12 
SCORING SYSTE" 

: Ratepayer Avoided Costs 

~IYitnts To Q.F. 

: Breakeven Period 

: 0 to 100 :--··+ 
I I ,------, 

SEE ABOVE !-~··+ 

: 0 to 30 :----+ 
: :aaaasaazaaaaaa:a::_azzaa:::a:a:zaa::a:::aaa: I I .------. 

Front Loed SecuritY : 0 to 20 :----· 

Tech./Environ. Feasibility : 0 to 10 :----+ 
:=····=··=·····=········===··=··==··=·==·=··; 

I 
•,r 

: Q.f./ProJect Teaa· E1cerience : 0 to 6 :----: I' 
I 

: ::anaaaaa:aa::aa:::aa:a::aaa:aaa·aaaaaa:a::: ' ' .------. 
: Finenclno : 0 to 6 :---:---- : Level of Dntlopaent : 0 to 30 :----: 
:::aaaa::a:a:a:aZa:aaaaaaaaaa: 

: Theraal Energy ! 0 to 2 !···! 
;:::::::::::::::::aaa:s::::::: 

·eonstruct./Oper. ~ 0 to :---+ 

,, 

:······=·····~·················=·········=··: 
Additionel Contrict Decosit : 0 to 4 :--··+ 

: Otbt I OperatinG Coverages : 0 to 6 :----· 

: ···········=···=·===·====······=··=·===·=··=: '· : Jutl Suoply : 0 to 6 :----: 
: ·aaaaaaaaaaasaazaaa:aaa::aa:a:aaaasaaaaaa::a; I 0 ,------, 
! fttint: Otft Contract or Escrow: a to 2 :----: 

:·······················=·····===···········: 
Ootiontl 0Dtrttino Security : 0 to !····+ 

'I 

~--~--------------------------------

: DiSPetchebility/Interruot. : 0 to 10 :----+ 
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Table F-2. Project bid scores in Orange and Rockland Utilities bid evaluation system. 

Combined Combined Gas-fired Gas-fired 
Maximum Cycle • Cycle Cog en Cog en Geothermal Geothermal Biomass Biomass 
Score #1 #2 #1 #2 #1 #2 #1 #2 

-----------------------------------------------------------------------------------------------
Economic Factors 

Price 50 11 10 0 4 9 10 22 20 
Dispatchability 4 4 4 0 0 0 0 4 4 

~ Security Provision 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Price Risk 0.5 0 0 0 0 0 0 0 0 

Project Status & Viability Factors 
FERC Certification ·as QF 1 1 1 1 1 1 1 1 1 
Schedule/Milestones 2 2 2 2 2 2 2 2 2 
Permitting plan & schedule 2 2 2 2 2 2 2 2 2 
Financing plan & schedule 2 0 0 2 2 0 0 2 2 
Development team & experience 2 2 2 2 2 2 2 0 0 
Project technology 2 2 2 2 2 2 2 2 2 
Thermal Output user 2 0 0 0 0 2 2 2 2 
Engineering Design 3 3 3 3 3 3 3 3 3 
Yheeling/lnterconnection 2 2 2 2 2 2 2 2 2 
Security of fuel supply 2 0 0 0 0 0 0 0 0 
Site control 3 3 3 3 3 0 0 0 3 
Form of liquidated damages 2 0 0 2 0 0 0 0 2 

Non-Economic Factors 
Fuel type 4 2 2 2 2 4 4 4 4 
Location 1 1 1 1 1 0 0 1 1 
Environmental Benefits 7 2 2 2 2 4 4 4 4 
Fuel (thermal) efficiency 3 3 3 3 3 3 3 3 3 
Length of Contract 5 5 5 5 s s 5 s s 

PRICE FACTORS so 11 10 0 4 9 10 22 20 
NON-PRICE FACTORS so 34.5 34.S 34.5 32.S 32.S 32.5 37.S 42.S 

TOTAL 100 4S.S 44.5 34.5 36.5 41.S 42.S 59.5 62.5 

Mean Std Dev. 
PRICE FACTORS 10.75 6.87 

NON-PRICE FACTORS 3S.13 3.20 
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Notes on Table F -2: Scoring Bids in ORU's bid evaluation system. 

Economic Factors 

1) Price Factor: Points awarded based on% ,of avoided cost from !able P9 (p. 47). 

2) Dispatchability: Projects with manual dispatch get 4 pts; curtailable up to 1500 hrs get 0. 

3) Security provision: No front-loading, then no security req'd (0.5 pts); Four projects are front
loaded, but bid price does not exceed ceiling price by more than 20% for gas or 35% for 
geothermal/biomass, so these projects also get 0.5 points. 

4) Price risk: All projects either escalate at GNP or gas prices; so get 0 points. 

Project Status and Viability Factors 

5) FERC Certification as QF: Assume yes for all projects (1 pt.). 

6) Schedule/milestones: Lead time for biomass and geothermal are 2 yrs; CC and cogen is 3 yrs; 
thus maximum points for all projects. 

7) Financing plan: Gave points for four projects (biomass and cogen) with average debt coverage 
ratios greater than 1.5. 

8) Development team experience: Biomass less experienced than rest of projects (0 pts); Other 
projects (2 pts). 

9) Project technology: All projects have mature technology; so get 2 points. 

1 0) Thermal output user: CC and Cogen do not have firm thermal host agreement; only letter of , 
intent, so 0 points. 

11) Engineering Design: Assume all projects get maximium pts. 

12) Wheeling/Interconnection: Assume wheeling not required for any project (within utility ser-
vice territory); so get 2 points. · 

13) Security of fuel supply: All projects have only identified a specific transport and fuel plan (0 
pts). 

14) Site control: CC and Cogen, and Bio#2 projects purchased firm site control (1% of capital 
cost), they get 3 pts; Other projects get 0 pts. 

15) Form of liquidates damages: Two projects purchased project failure security in form of cash 
(2 pts ); Others get 0 pts. 

Non-economic factors 

16) Fuel Type: Solid waste and renewable get 4 pts; Gas gets 2 pts. 

17) Location: Assume Geotherm~ project is not near load center (i.e., environmental con
straints), so gets 0 points. 

18) Environmental benefits: Waste,hydro other renewables get 4 pts; Fossil fuel get 2 pts. 

19) Fuel (thermal) efficiency: Assume all projects get 3 points. 

20) Length of contract: All projects get max. points (5). 
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Table F-3. Project bid scores in Niagara Mohawk's bid evaluation system. 

Combined Combined Gas-fired Gas-fired 
Maxi nun Cycle Cycle Cogen Cogen Geothermal Geothermal Biomass Biomass 
Score #1 #2 #1 #2 #1 #2 #1 #2 
-------------------------------------------------------------------------------------------------

Price Factor 850 144.5 127.5 0 59.5 119 127.5 280.5 263.5 

._ Economic Risk Factor 
Breakeven Period so 30 . so 0 20 23.3 50 so 46.7 
Front Load Security 25 0 25 0 0 0 25 25 25 

Success Factor 
Tech./Environ. Feasibility 

Site Acquisition 10 10 10 10 10 0 0 0 10 
Design & Engineering 10 6 6 6 6 6 6 6 6 
Permit & Licensing 10 5 5 5 5 5 5 5 5 
Facility Availability 10 10 10 10 10 10 10 9 9 

Level of Development 
Construct./Oper. 2 0 0 0 0 0 0 0 0 
Thermal Energy 2 0 0 0 0 2 2 2 2 
Financing 6 4 4 4 4 4 4 4 4 

Project team experience 6 6 6 6 6 6 6 2 2 
Additional Contract Deposit 4 0 0 4 0 0 0 0 4 
Economic Development 4 1 1 3 3 3 3 1 1 

Longevity Factor 
Fuel Supply 7 7 7 7 7 7 7 3 3 
Debt & Operating Coverages 6 0 1 4 4 0 0 1 1 
Maintenance: o&M Contract 2 0 0 0 0 0 0 0 0 
Optionat Operating Security 6 0 0 0 0 0 0 0 0 

Operational Factor 
Operations Optimization 
Unit Commitment 14 14 14 6 6 6 6 14 14 
Economic Dispatch 20 20 20 8 8 8 8 20 20 
Automatic Generation Control 10 0 0 0 0 0 0 0 0 
Black Start 6 0 0 0 0 0 0 0 0 

Planning Optimization 
Location 4 4 4 4 4 1 1 4 4 
Unit Size 3 0 0 0 0 0 0 3 3 
Fuel diversity 10 4 4 4 4 6 6 8 8 
Fuel Flexibility 8 6 6 6 6 0 0 6 6 
Quick Start Ability 5 5. 5 0 0 0 0 0 0 

Environmental Factor 
Environmental Rating 100 n n 80 80 51 51 80 80 
Environmental Benefit 10 0 0 0 0 0 0 0 0 

PRICE FACTORS 850 144.5 127.5 0 59.5 119 127.5 280.5 263.5 
NON-PRICE FACTORS 350 209 255 167 183 138.3 190 243 253.7 

TOTAL 1200 353.5 382.5 167 242.5 257.3 317.5 523.5 517.2 

" I Mean Std. Dev 
PRICE FACTORS 140.25 87.92 

NON-PRICE FACTORS 204.88 40.21 
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Notes on Table F -3: Scoring Bids in NMPC's bid evaluation system. 

Price 
1) Price Factor:% of Avoided Cost; 0 avoided cost gets 850 points 

Economic Confidence Factors 

2) Breakeven Period: Five projects have some front-loading. For these projects, we calculated 
break-even periods by adding yearly PV of benefits for all three scenarios until year in which it 
became positive. We then used NMPC formula to determine points. 

3) Frontload security: Projects that were not front-loaded (CC#2, Geo#2, and Bio#1) get max
imum points (25 points). Two projects posted failure security as cash equivale~t (Cogen #1 and 
Bio #2). We calculated% that security represented of cumulative overpayment and awarded full 
points for Bio#2 and 0 points to Cogen#1 on this basis. 

Success Factor 

4) Site acquisition: CC, Cogen, and Bi<'> #2 purchased firm site control (10 pts); Other projects 
have no firm site control (0 pts). 

5) Design & Engineering: Assume all projects have detailed design & engr. plans (6 ppints). 

6) Permit and Licensing: All projects have identified required specific permits. In addition, 
points are given to various projects because not all permits are required for eacQ. technology (not 
applicable gets maximum points for a particular permit Worked with QF consultant to deter
mine applicable permits for each of four technologies. Ultimately, all projects ended up receiv
ing 5 points. 

7) Facility Availability: Biomass has 80% availability; so gets 9 points. Other projects are more 
mature (1 0 pts ). 

8) Construction/Operation: All projects not under construction (0 pts). 

9) Thermal Energy: Geo and Biomass are renewable (2 pts); CC and Cogen do not have firm 
thermal host agreement; so get 0 points. 

10) Financing: Assume all projects have 50% financing (4 points). 

11) Project team experience: Biomass has developed QFs (similar sc~le but different technol
ogy); so get 2 pts; Other projects have developed similar facilities (6 pts). 

12) Additional Contract Deposit: Bio#2 and Cogen#1 offered project failure security in cash, so 
we assume they receive maximum points (4 pts); Other projects get 0 pts. 

13) Economic development: We used first-year O&M costs as proxy for number of jobs that t 

would be created. O&M costs are $3.2M for CC, $3.8M for Cogen, $1.8M for Geo, $1.1M for 
Biomass. We then assumed that salary was $40,000 per job and divided O&M costs by that i'• 

amount to estimate the number of jobs created. CC and Cogen received 3 points on this basis; 
Geo and Biomass received 1 point. 

Longevity Factor 
14) Fuel Supply: Biomass has less development experience (QF facility but different technol
ogy), so we assume that they have no experience in managing fuel procurement/transport). On 
this basis, biomass gets 3 points. Other projects receive maximum points (7). 
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15) Debt & Operating Coverages: Average debt/coverage ratios for Cogen 1 and 2 are 2 or 
greater (4 pts); CC2 and Bio 1 and 2 are around 1.5 (1 pt); Geo 1 and 2 and CC1 are less than 1.3 
(Opts). · 

16) Maintenance- O&M Contract: Assume all projects do not provide this contract; not included 
in PG&E wokshop project viability factors (0 pts). 

17) Optional operating security: Assume all projects do not provide this contract; not included in 
PG&E project viability factors (0 pts). 

Operational Factors 

18) Unit commitment: We assumed that plants that offer man. dispatch have commitment on 
daily/wkly basis (14 pts); plants that offer 1500 hrs have commitment on weekly basis (6 points). 

19) Economic Dispatch: Geo and Cogen offer 1500 hours of curtailability. We assumed that this 
is equivalent to partial dispatch (8 pts); CC and Bio offer manual dispatch, so get maximum 
points (20). 

20) Automatic Generation Control: No projects offered auto gen. control in PG&E workshop 
(not an option); 0 points. 

21) Black-start: Assume all projects require off-site power (0 pts). 

22) Location: Assume CC, Cogen and Bio are in area 1 (4 pts); Geo is not, assume area 3 (1 pt); 
environmental constraints on project location. 

23) Unit size: Bio is 15 MW (3 pts); Other projects are > 40 MW (0 pts). 

24) Fuel diversity: CC and Cogen are gas (4 pts); Bio is waste (8 pts); We assume tha geother
mal project is treated as coal project for purposes of valuing fuel diversity (6 pts). 

25) Fuel flexibility: We assume that CC and Cogen, and Biomass can burn 2 fuels (bio can burn 
wood and coal)- (6 pts); Geothermal has no multiple fuel capability (0 pts). 

26) Quick start ability: Assume CC has quick start (5 points); other projects do not (0 points). 

Environmental Factor 

27) Environmental Rating: We used NMPC' s rating sheet and awarded points for all four tech
nologies for relative environmental impact in various areas: transmission, fuel delivery, cooling 
water, emissions, terrestial, noise, vision, land use, solid waste. We worked with QF consultant 
to make subjective judgments; it was more important for us to get proper emphasis on relative 
impact of each technology, rather than points on an absolute scale. Table on environmental rat
ing is included in Appendix F; Geothermal was treated as a proxy for coal plant in terms of 
measuring environmental impacts; Geothermal received fewer points than other three technolo
gies. 

28) Environmental Benefit: Assume all projects do not provide additional public access or 
recreation facilities and no additional environmental mitigation (0 pts). 
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Table F-4. Project bid scores in Boston Edison's bid evaluation system 

Combined Combined Gas-fired Gas-fired 
Maximum Cycle • Cycle Cogen Cog en Geothermal Geothermal Biomass B.iomass 
Score #1 #2 #1 #2 #1 #2 #1 #2 
-----------------------------------------------------------------------~~----------------~---------

Price Factor 100 17 15 0 7 14 15 33 31 I" 

Economic Confidence Factors 
Breakeven Period 30 20 30 8 15 17 30 30 27 ,,._ 
Front Load Security 20 0 20 0 0 0 20 20 20 

Project Development Confidence Factors 
Tech./Environ. Feasibility 10 10 10 10 10 10 10 9 9 
Project team experience 6 6 6 6 6 6 6 2: 2 
Level of Development 

Siting 10 10 10 10 10 0 0 0 10 
,Design & Engineering 4 2 2 2 2 2 2 2 2 

Permit & Licensing 6 3 3 3 3 3 3 3 3 
Financing 6 4 4 4 4 4 4 4 4 
Thermal Energy 2 0 0 0 0 2 2 2 2 
Construct./Oper. 2 0 0 0 0 0 0 0 0 

Additional Contract Deposit 4 0 0 4 0 0 0 0 4 

Operational Longevity Confidence Factor 
Debt & Operating Coverages 6 0 0 4 4 0 0 1 1 
Fuel Supply 6 0 0 0 0 0 0 0 0 
Maintenance: O&M Contract 2 0 0 0 0 0 0 0 0 
Optional Operating Security 6 0 0 0 0 0 0 0 0 

System Optimization Factor 
Dispatchability/Interruptibili 10 10 10 8 8 8 8 10 10 
Fuel type 10 0 0 0 0 4 4 8 8 
Size 2 0 0 0 0 0 0 2 2 
Location 4 4 4 4 4 0 0' 4 4 
Maintenance Scheduled by BECo· 4 4 4 4 4 4 4 4 4 

PRICE FACTORS 100 17 15 0 7 14 15 33 31 
NON-PRICE FACTORS 150 73 103 67 70 60 93 101 112 

TOTAL 250 90 118 67 77 74 108 134 143 

Mean Std. Dev 
PRICE FACTORS 16.5 10.3 

NON-PRICE FACTORS 84.9 18.4 
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Notes on Table F-4: Scoring Bids in BECO's bid evaluation system. 

Price 
1) Price Factor: 100 points for zero% of avoided cost; 100-% of avoided cost gives price score. 

Economic Confidence Factors 

2) Breakeven Period: Five projects have some front-loading; we calculated break-even periods 
by adding yearly PV of benefits for all three scenarios until year in which it became positive. 

3) Frontload security: Two projects posted failure security as cash equivalent (Cogen #1 and Bio 
#2); we calculated % that security represented of cumulative overpayment. 

Project Development Confidence Factors 
4) Technical/Environmental Feasibility: Biomass has 80% availability (9 pts); Other projects> 
85% so get 10 pts. 

5) Project team experience: Biomass has less development experience (similar scale but not of 
similar type), so get 2 points vs. 6 pts for other projects. 

6) Siting: CC, Cogen, and Biomass#1 purchased firm site control (increased capital cost by 1% ), 
they get 10 points; Geothermal and Biomass#2 have no firm site control (0 points). 

7) Design and Engineering: Assume all projects are detailed (2 pts). 

8) Permit and Licensing: All projects have identified req'd permits so get 3 points. 

9) Financing: Assume all projects have 50% of required capital committed, so get 3 points. 

10) Thermal Energy: Geo and Biomass are renewable QFs (2 pts); Others receive 0 pts. 

11) Construction/Operations: Projects not under construction, so receive 0 points. 

12) Additional Contract Deposit: Cogen #1 and Bio#2 purchased project failure security in cash; 
500k and 300k respectively, which is greater than $7.50/kW additional deposit, so get 4 points; 
other projects receive 0. 

Operational Longevity Confidence Factor 

13) Debt and Operating Coverage: Avg. debt coverages =2.5 (6 pts); 2.0 gets 4 pts; 1.5 gets 1 pt. 

14) Fuel Supply: All projects have fuel supply and transport plan (met threshhold requirement 
only); so get 0 points. 

15) Maint. O&M contract: Not a category in original project viability options for PG&E 
workshop; assume 0 points. 

16) Operation security: Not a category in original project viability options for PG&E workshop; 
assume 0 points. 

System Optimization Factor 

Dispatchability/lnterruptibility: CC and Biomass offer manual dispatch (10 pts); Geo and Cogen 
offer 1500 hrs curtailable (we'll give 8 points for top interruptible). 

18) Fuel Type: CC and Cogen are other (0 pts); Bio is waste (8 pts); Assume Geo is Coal for 
additional fuel diversity benefit (4 pts). 
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19) Size: Bio is 15 MW (2 pts); Other projects are >40 MW (0 pts). 

20) Location: Assume CC, Cogen and Bio are in Area 2 (4 pts); assume Geothermal is not in 
area 1,2, or 3 because of environmental constraints (0 pts). 

21) Maint. schedule operated by BECo: All projects have bid 1500 hrs of curtailable power or 
manual disp. which is more control than maint. control required by BECo (assume 4 pts). 
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