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ABSTRACT 

The US Department of Energy (DOE) administers a legislatively mandated program to 
promote the development of efficient, low pollution coal combustion technology. Most of 
this is targeted toward the electricity sector which comsumes the vast preponderance of coal 
in the US. The Clean Coal Technology (CCT) program subsidizes the cost of demonstrating 
these technologies in commercial settings by co-operating with utilities, equipment vendors, 
engineering firms and unregulated private producers. Because new technology typically 
experiences operating problems, particularly in the "start-up" phase, a demonstrated record 
of performance must be established before the new technology will be adopted. 

To encourage participants in the CCT Program to design and operate projects that 
will demonstrate performance objectives, DOE needs to examine the structure of its subsidy 
arrangements. The basic proposal examined in this paper is that subsidies ought to be paid 
in proportion to actual project output, rather than as non-contingent grants. Paying for per­
formance will induce the appropriate behavior from program participants. Under an arrange­
ment of this kind participants meeting certain minimum technical thresholds can be selected 
by DOE by an auction. Those bidders who will accept the lowest performance subsidies will 
be selected. 

A simple model of bidder behavior is constructed which accounts for credit constraints, 
technical risk, and market returns. Analysis of this model reveals that credit constraints in 
the presence of technical risks are very significant. Potential lenders evaluate projects under 
"worst case" scenarios, whereas bidders make choices under expected value outcomes. 
Technical risk drives a wedge between these two perspectives. By structuring government 
subsidies in a purely "market-driven" fashion, i.e. paying only for performance, the cost to 
DOE of inducing desirable performance is high. A mixed system of grants and performance 
based subsidies is a more efficient approach of meeting both credit constraints and technol­
ogy demonstration objectives. 

Numerical examples illustrate this theme. 
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Designing a Performance Based Cost-Sharing System for the Clean 
Coal Technology Program 

1. Introduction 

Edward Kahn and Steven Stoftt 

September, 1989 

The Department of Energy (DOE) has completed two rounds of its Clean Coal Tech­

nology (CCT) program, and is in the process of implementing its third round. This report 

examines the structure of the CCT program and suggests ways in which it might be re­

shaped for rounds four and five. The basic theme raised here is that the cost-sharing formu­

las adopted by DOE should emphasize a performance basis. The underlying argument is 

quite simple. The ultimate goal of the CCT program is the commercial adoption of the tech­

nology that has been demonstrated by the program. To encourage that process, DOE must 

show the potential ultimate adopters of the tec hnology that it can perform as well as com­

peting technology. By structuring the government's cost- sharing in a form that rewards per­

formance, the commercialization objective is attained most efficiently. 

This basic argument will be articulated in detail. We will recommend specific ways in 

which the performance basis of DOE cost sharing should be implemented. The implications 

for program budgeting will be defined, and the relationship between the proposed 

modifications and existing procedures will be clarified. The economic efficiency of the per­

formance basis will be demonstrated in a simplified conceptual model. The model accounts 

for the profit motivation of program participants, their technology choices, the inherent risks 

of new technology, financial constraints imposed by the credit markets, and the response of 

participants to different kinds of government incentives. 

This report is organized in the following manner. Section 2 is an overview of various 

types of incentives that government can lise to promote the development of technology. The 

experience of the CCT program will be reviewed in this context. Section 3 explores the rela­

tionship between commercialization and performance demonstration. The need to define 

performance objectives clearly will emerge from this discussion. Section 4 introduces our 

model of the behavior of potential program participants. We must understand the 

t The work descrihed in thi s stud y was fund ed by the Deput y J\ssistant Secretary for Coal Technology, the U.S . Depart­

ment of Energy under Contract j';o. DE·J\C03·76S FOOOc)X. 



technological opportunities and risks facing participants as well as the market environment 

and constraints they face. Particular attention is given to credit constraints, because capital 

can often be difficult to raise for· risky projects. Section 5 defines our proposed incentive for­

mat. It will have some of the properties of an auction . Program participants who meet thres­

hold qualifications will bid for operating incentives. We prove that the proposed format will 

induce efficient behavior in the se lected participants. Section 6 explores the budgetary and 

administrative aspects of the proposed approach. Finally, Section 7 identifies the unresolved 

implementation issues raised by the scheme outlined in this report. 

2. Overview of Incentive Types 

Government has played a wide variety of roles in promoting technology development. 

Rothwell (1983) has identified twelve different kinds of "technology policy instruments" 

that have been used by public authorities to influence the path of technological develop­

ment. These range from publicly owned enterprise to information and education to patent 

and legal regulation. In the U.S . energy industries, Cone et.a!' (1978) have studied the extent 

and variety of federal programs that have promoted both market and technical development. 

Our primary concern lies with the class of financial tools that are available to influence the 

market returns of private companies th at invest in new technology. This focus on the finan­

cial environment facing private companies best represents the situation of the CCT program. 

The inventory of financial incentives includes grants, loans, subsidies, cost-sharing, tax 

preferences or reductions, and loan guarantees . We will consider most of these in one way 

or another except for tax effects. The CCT program does not involve tax effects in any par­

ticular way, nor does it have any direct mandate of this kind. For convenience, therefore, we 

will neglect whatever second-order tax effects may accrue to program participants as essen­

tially beyond the control of DOE. To take meaningful account of different financial incen­

tives available in principle to the CCT program, we must differentiate among their effects. 

It is convenient to distinguish among incentives by differentiating them with respect to 

the phase of a project's his tory at which they are directed. The CCT program has tradition­

ally distingui shed between cost-sharing directed at the construction phase of projects from 

that which is directed at their operating phase . This distinction, however, has more of an 

accounting meaning than an economic one, because there is little difference in the require­

ments for obtaining cost-share funds once a project has been selected and a co-operative 

agreement signed. Essentially, the requirement for program participants to receive funding 

is a showing of good faith effort. 

A more economically meaningful distinction involves the conditions under which cost 

sharing mayor may not occur. We might refer in general to cases where incentives are 

linked to outcomes as contingent subsidies. These can have very different characters. In the 

case where subsidies are funded only when economic outcomes are unfavorable, they func­

tion as insurance. In technology development programs this approach may be reasonable if 

the underlying risks are very large . The opposite case is the reward structure. In this 
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situation, subsidies or cost sharing occurs when the participating firm succeeds by some 

measure of economic performance. The government funds are contingent on the firm's suc­

cessful performance, and therefore act as an incentive to induce that performance. 

We will argue that the technology commercialization objective is most consistent with 

the reward type of contingent incentive. The insurance type is more appropriate to stages of 

technology development that precede commercialization. Under- writing technology 

development risk pre-supposes a less mature product and process than one which is ready to 

enter normal marketplace competition. 

Non-contingent subsidies, of which the capital grant is the purest type, can best be 

thought of as a financial inducement. New technology is often more expensive than compet­

ing alternatives due to production economies (e.g. "learning by doing") that have not been 

captured. Capital subsidies can close the competitive gap, assuming that there is no question 

of performance differences. Capital subsid ies can also playa role in the high risk develop­

ment phase when pelfotmance incentives are insufficient. 

Determining what kinds of incentives are appropriate for the CCT program requires 

some judgments about the state of the technology that is being promoted and the 

government's goals. This study makes no assertion about either of these issues. Our focus is 

on the case where commercialization is the program objective. This means, in effect, that 

first-of-a-kind applications will not be chosen. Replication of innovative technology, 

presumably demonstrated in prev ious rounds of the CCT program, is the basic situation we 

will examine. 

We recognize that terms such as "rep lication" and "first-of- a-kind" are ambiguous, but 

we leave the resolution of these ambiguities in particular cases to others. Our concern is 

with the linkage of the commercialization objective with reward-type incentives. In the next 

section we address the rationale for that linkage in more detail, and specify the kinds of 

questions that DOE must answer to implement a pelformance-based incentive structure in 

rounds four and five of the CCT program. 

3. Performance Incentives and the Commercialization Objective 

For clean coal technology to compete in the electricity marketplace it must be able to 

show a record of perf01l11anCe that approximates the standards met by alternatives. In prac­

tice, we interpret this to mean that CCT projects must show high capacity factors over a 

number of years. Capacity factor is the best overall measure of baseload power plant perfor­

mance. It is measured simply as annual output divided by the output the plant would have 

achieved if it had run in every hour of the year at full rated capacity. Thus it accounts for 

both scheduled and forced outages . Most clean coal technologies compete in the baseload 

segment, so their performance will be compared to the capacity factor achieved by conven­

tional baseload coal and nuclear plants. The EPRI Technical Assessment Guide typically 

estimates expected capacity factors for new conventional coal plants of about 70%. Nuclear 

power plants in commercia l operation have achieved an average of about 60% capacity 
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factor. For nuclear units the variance in capacity factors is larger than that for baseload coal 

plants. 

3.1 Marketplace Performance Standards and CCT 

It is useful to examine the capacity factor standards that have been established through 

regulatory action in the electricity marketplace. We begin with the treatment of performance 

for conventional rate-of-return regulated utility generation. A number of state regulatory 

commissions have set capacity factor targets for this kind of baseload generating unit. Utili-

. ties are rewarded or penalized for perfom1ance that deviates from the established target. 

Joskow and Schmalensee (1986) cite a privately conducted survey which identified fifteen 

separate programs of this kind . They discuss a typical example where the Arizona Public 

Service Commission has established standards for the Palo Verde Nuclear Generating Sta­

tion. The mechanism establishes a "dead band" range of 60-75% capacity factor where there 

is neither reward nor penalty. For perfonnance above 75% the utility shareholders retain a 

portion of the fuel savings achieved by the output above that level. Conversely for perfor­

mance below 60% the shareholders are penalized a portion of the extra fuel costs incurred. 

In the worst case, where capacity factors fall below 35%, the commission will re-evaluate 

whether rate-base treatment should be granted at all. 

Another class of output standard has been established in the private power market. In 
this case, Qualifying Facilities (QFs) under PURPA may receive capacity payments as part 

of their power purchase contracts provided that they meet certain performance standards. In 
California, QFs must typically maintain an 80% capacity factor during the summer on-peak 

period (6 hours per day, 5 days per week for five months of the year) to earn their full con­

tract payment. Texas Utiliti es imposes a performance standard for QF capacity payments 

that requires an annual capacity factor of 65 % and 75% during the June through September 

period (Texas Utilities Electric Co., InS). There are many other examples of capacity per­

formance standards in this segment of the electricity marketplace. 

These examples illustrate the economic environment in which new technology must 

compete. As cost and competitive pressures have increased in the electric utility industry, 

regulators are forcing perf0I111anCe standards on both the regulated firms and the private 

wholesale suppliers. DOE must respond to this environment by structuring the CCT pro­

gram in a manner that will persu~lde potential adopters of the emerging technology that it 

can meet the performance norms that the market expects. 

There will be no automatic assurance that performance standards can be met. Typically 

new technology experiences operating problems. In the best cases, these may simply 

involve the start-up phase of a project. In other cases, they may be chronic. Without a 

demonstrated track record of perfom1ance, potential users will be unable to distinguish 

between thesecases. 

The record of clean coal tech nologies to date is promising but still ambiguous. The 

repowering technologies have experienced start-up problems, but then settled into 
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reasonable operations. There have been a number of cases involving circulating fluidized 

bed (CFB) boilers at the 50 -100 MW scale where operating problems have been docu­

mented (Friedman, et.al., 1989; Moll, et aI., 1989; Simbeck and Vejtasa 1989, Power, 1989). 

The consequences of these vary from case to case. Sometimes there has been significant 

downtime, equipment replacement costs have been incurred, and there have been cases 

where capacity has permanently decreased. Despite these events, CFBs continue to be 

ordered from vendors in this size range particularly by private suppliers operating as QFs. 

There is less experience with gasification/combined cycle plants. Interesting results of 

. the Cool water project were summarized in the application of the Southern California Edison 

Company (SCE) to the California Energy Commission for a commercial siting permit for 

this plant. Long tellll expected capacity factor estimates were made by SCE based on the 

post- start up record of the plant in its demonstration phase. The result was a projection of 

just under 61 % capacity factor. Three fourths of the downtime was projected to come from 

forced outages and one fourth from planned maintenance (Litzinger, 1988). This projection 

is interesting because it is at the lower end of the range of performance standards that have 

been defined, and it can be expected to be somewhat optimistic. 

These examples illustrate the basic point that CCTs are close to meeting the kind of 

performance standards being required in the marketplace, but still have to establish this abil­

ity more definitively and with less uncertainty. To structure rounds four and five of the CCT 

program toward estab li shing the necessary market pelformance level, DOE must implement 

an incentive scheme that will induce that behavior. The essential point is that the leading 

edge of the electricity marketplace has accepted performance standards. In general CCT has 

not yet shown it can meet these standards. It will be most efficient for DOE to use market 

mechanisms to bring CCT into line with commercial expectations. 

3.2 Specifying the Performance Objective 

We can summarize the discussion so far by saying that DOE should structure CCT pro­

gram incentives so that participants will demonstrate high capacity factor operations. This 

will best meet commercialization objectives. Such a fOllllulation is not sufficiently precise 

to give much direction to the process. To make the performance objective more concrete we 

must specify what the economists ca ll "indifference curves." These are precise characteriza­

tions of the government's preferences and wi llingness to pay for specific levels of perfor­

mance . 

The exercise of defining indifference curves requires the government to answer some 

very particular questions about the value of projects. The answers to these questions may 

seem imprecise or uncertain. Nonetheless, the process of answering them will help to eluci­

date the underlying issues. When confronted with perplexity abollt the process of identifying 

preferences in this way, the sta ndard response of economics is that the imprecision of the 

process is better than the incoherence of not even trying to be clear. 
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With that pre-amble we can now pose the two central value questions. First, what con­

stitutes a "worthless" project? Second what is DOE willing to pay for a "exceptional" pro­

ject? Both of these notions, the worthless and the exceptional projects, are ideal types and 

can only be thought about, not observed; nonetheless they represent crucial boundary points. 

First, let us consider the notion of the "worthless" project. This notion is best approached 

from the perspective of the "horrible" project. 

Horrible is worse than worthless. By this we mean that DOE commercialization objec­

tives for CCT could be set back by the existence of a "horrible" project. Such a project could 

. give the whole effort a bad reputation, damaging the future prospects for CCT by labeling it 

a "lemon" technology . Horrible projects approximate total failure; i.e. capacity factors of 

zero or essentially zero. A worthless project, on the other hand, is one which neither 

advances nor retards the development of CCT. It is literally a project for which DOE would 

pay nothing. This is the mea ning of worthless. 

Translating this notion into a capacity factor estimate is difficult. We may assume by 

comparison with the Palo Verde performance standard cited above, that "worthless" means 

something below a 35% capacity factor. For discussion purposes, we will assume that a 

capacity factor of 20% constitutes a worth less project. This number represents an estimate 

of performance over a multi-year subsidy period , so 20% could consist of two years at zero 

and two years at 40%. In the di sc ll ss ion of market returns for CCT projects in section 4 we 

will introduce a related concept, the "minimum capacity factoL" This concept is something 

like the 35% capacity factor useci by the Arizona Corporation Commission to establish the 

minimum operation that could ea rn even a pena li zed rate of return on rate base. It is an 

annual minimum value rather than a multi-year average. 

In summary we distinguish a hierarchy of performance types. At the bottom of this 

hierarchy is the horrible, the reputation destroying project that is essentially a complete 

failure. Next in line is the worthless project, which has no value to the CCT program. 

Another way to think about this performance level is that it represents a floor, above which 

DOE would be willing to pay for improved output. At this low level of output, incremental 

value would be small, but growing. Fina ll y, there is the market minimum capacity factor 

which is just high enough to earn some capacity-related return . 

At the opposite extreme, we have the exceptional project. Let us consider 85% capa­

city factor performance as representing the exceptional case. The value of such a project to 

DOE is bounded by the budget of the CCT program. The government can pay no more for • 

the exceptional project than Congress has allocated. Nonetheless there are subtle issues of 

scale and replication . What size are the projects? How many of them are necessary to 

demonstrate the commercial nature of the technology? How many different clean coal tech-

nologies does DOE want to demonstrate? These questions must be answered to structure a 

performance based system for rounds four and fi ve of the CCT program. 

Let us consider a stylized example. Suppose DOE decided that out of a $600 million 

budget that it required four exceptional 100 MW projects to meet its commercialization 
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objectives. This means that each would be worth $150 million. A per-MWh performance 
subsidy maximum can be calculated using an estimate of the "worthless" capacity factor and 

the duration of the subsidy program. It is just the slope of the line between the value of an 
exceptional project and the value of the worthless project, where output is measured over 
the length of the whole period of DOE operating subsidies. Assuming that the zero value 
performance level is 20% capacity factor, and that the subsidy period is 5 years, then the 

maximum operating payment would be $52.70 per MWh ($150 million divided by 2847 
gWh, which is 5 times 85% minus 20% times 100 MW times 8760 hours). 

With estimates of the exceptional project's value and the worthless capacity factor, we 
have essentially drawn the maximum indifference curve for DOE's commercialization 

objective for CCTs. It should be noticed that our example assumes that the indifference 

curve is a straight line. This is a convenient form, but not strictly necessary. The only thing 
we know with reasonable certainty is that these indifference curves should all be monotoni­

cally increasing. This just means that DOE always prefers higher capacity factors to lower 
ones at the same cost. All other indifference curves are also assumed to be straight lines and 
to lie below the one indicating maximum value. The other significant property of all these 
curves is that they intersect the zero value point. The basic situation is illustrated in Figure 

1. The competition among potential program participants will simply require them to bid an 
operating subsidy level that is at or below the maximum value specified by DOE ($52.70 

per MWh in our stylized example above). 

In section 5 we will discuss opportunities to structure the actual administration of the 

CCT program within this general framework that will address the financial requirements of 
bidders. These requirements typically amount to the need for non- contingent capital subsi­
dies instead of the purely operating approach taken here. Some accommodation to these 
needs can be made with our general framework without compromising its incentive proper­

ties. Before turning to these questions, however, it is important to determine more precisely 
the nature of potential bidder behavior. A successful CCT program cannot be run without an 
understanding of the economic environment facing potential participants. In the next section 

we present a model of bidder behavior that can be used to help determine the crucial max­
imum value question. It will also be used to demonstrate the optimality of our approach to 
selecting program participants. 

4. A Model of Participant Behavior 

In this section we outline our approach to characterizing the individual participant, or 

project developer, and his response to different incentives. We assume that the developer's 
goal is simply profit-maximization subject to technology and financial constraints. This goal 
is influenced by the government incentives offered. We will first outline the structure of our 

model; i.e. the inputs and outputs. We then outline how this can be used to help design a 

performance oriented CCT program. The model includes a characterization of technology, 
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explicit treatment of financing constraints, which we call bankability, and profit maximiza­

tion under government incentives. 

In the discussion which follows we present a general modeling framework which 

identifies the relevant factors and their inter-relationships. This general framework must be 

distinguished from particular model realizations. A model realization involves specific func­

tional forms for individual components of the over-all stmcture. In our research to date we 

have had occasion to alter particular model realizations, without changing the overall frame­

work. We anticipate that this process would continue into the future. As more information is 

. gained or the framework put to different uses, there will be occasions to alter individual 

components . The discussion below will invoke a particular realization of the general frame­

work for concreteness of exposition. An explicit and detailed description of our current real­

ization is contained in Appendix B. The examples discussed here depend on that realization. 

4.1 Technology Characterization 

Technology is represented in two distinct ways. First, there is a deterministic com­

ponent which embodies the developer's trade- offs between investment and expected perfor­

mance. New technologies typically experience operating problems. Firms are aware of this 

and plan their investment and operations to account for it. For recent discussion of these 

issues in the case of CFBs see the references in section 3.1 above. We use a two parameter 

function to embody the relation between capital and performance. One parameter represents 

the threshold level of investment necessary to achieve any operation. This can be thought of 

as the minimal equipment necessa ry for any production. The other parameter represents the 

incremental capital required for improved performance. The diversity of firms and technolo­

gies can be represented by different values for these parameters. In all cases we assume a 

fixed capacity. 

Figure 2 illustrates this relationship for several different parameter values representing 

the incremental capital required to improve the expected operating rate. In all cases in this 

example, the values are normali zed to a 100 MW project size. The figure says that $100 mil­

lion (or $1000/kW) is the minimum required investment to achieve even an infinitesimally 

small output. As the shape parameter increases from zero, the incremental cost of output 

falls. In the examples to follow we work with shape parameter values of 10-12. Some use of 

this model will require enginee ring estimation of this parameter for different technologies. 

There is also an uncertainty element in new technology. The capital/operating relation 

cannot be known with certainty. Moreover, there can be operating problems that are 

sufficiently severe as to require signifi cant repair times and costs. We call these "major 

outages." These cannot be controlled by the project developer. Major outages have 

occurred with demonstration stage projects and during project start-up. We treat these major 

outages as involving both a loss of capital , i.e. a need for replacement equipment, and a 

delay in commercial operation. The cost and duration of major outages is modeled as 

exponentially distributed with a mean and standard deviation that must be estimated. There 



disuibuted with a mean and standard deviation that must be estimated. There is only one 
random variable that determines both the cost and the duration of the major outage, and 
these two outcomes a related bya proportionality factor that is a model input. The exponen­
tial disuibution is commonly used in studies of equipment and system reliability (see Bar­
low and Proschan, 1975). One of its properties is that the mean and standard deviation are 
equal. The basic model of major outages is that they occur during start-up; they require 
replacement capital, and they result in delays that reduce earnings. The model does not 
include a permanent reduction in capacity factor in the representation as yet, although this 

. feature can be added. Reductions in capacity factor due to operating problems have been 
documented in the engineering literature on CFBs (see Moll, et. aI., 1989). 

We distinguish between the deterministic and probabilistic aspects of performance. 
The relationships in Figure 2 are deterministic. We refer to performance of this kind as 
"capacity factor*." This terminology differentiates the performance measure from the more 
common use of the term capacity factor which typically is used to include the random ele­
ment as well. 

4.2 Financial Constraints 

Projects must not only appear to be profitable under the best of circumstances, they 
must also demonstrate that under worst case conditions they have a high probability of at 
least returning the capital of investors. We refer to the adequacy of payback in the worst 
case as "bankability." To keep the model simple we do not explicitly model debt/equity 
ratios or other aspects of project finance in any detail. Rather we are trying to capture the 
threshold question of whether financial risks from projects are sufficiently managed so that 
firms could attract debt investors. This threshold question can be shown to boil down essen­
tially to a very low probability of project default (see Appendix A, which is based on Sti­
glitz and Weiss, 1981). 

We use our probability disuibution of major outages as the link between the technol­
ogy risk and the financial risk. The firm's profit is characterized as a probability disuibu­
tion. The uncertainty is technology driven. Government cost-sharing improves expected 
profit. A project is deemed bankable if it will only generate negative profit 2% of the out­
comes. The bankability criterion, i.e. the assumed maximum tolerable probability of zero 
profit, can also be varied. The model of CCT projects calculates a quantity called "Critical 
Capital Subsidy," which for a given configuration is the capital subsidy which will make a 
project bankable. 

The bankability criterion defined here is a useful measure of the financial constraints 
facing developers. In the private wholesale power market under PURPA, financial con­
straints are often the limiting factor on the viability of projects. Tax benefits or other 
government incentives can strongly influence financial viability (see Kahn and Goldman, 
1987). The trade press reports that increasing maturity of technology and the experience of 
individual firms is making it possible for a few private power projects to obtain for 100% 
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debt financing of capital requirements (see Independent Power Report, 1989). This is quite 
close to the financial characterization of our model. 

4.3 The Profit Function 

Firms earn profits from both market prices and government incentives. We represent 
return based on market prices flowing from either a regulated utility rate of return on capital 
investment or from private wholesale power contracts. Market returns accrue as fixed pay­
ments (rate-base rate of return or wholesale capacity payments) and operating profits 
(operating margin above variable production cost). Of the two elements, the fixed payments 
will typically be larger. We assume that projects must perform at some minimally accept­
able operating rate to earn these fixed payments. In the examples discussed below, this 
minimum (called "fmin") is set at 40%. For simplicity we confine the analysis to a ten year 
operating horizon. This is defined as the loan period. In our examples, we assume that the 
period during which government subsidizes operations is five years, a period which should 
be sufficiently long to demonstrate commercial operability. 

Firms make two choices that determine profit. First they choose a technology and 
second they choose a level of investment, i.e. capital. Technology choice amounts to the 
selection of a curve such as those shown in Figure 2; a major outage probability distribution 
accompanies each such curve. The level of investment is determined by picking a point on 
one of the technology curves. This choice is influenced by the structure of incentives avail­
able from the government. Capital cost sharing flows directly to profits and/or risk reduction 
by offsetting investment cost. It has no direct influence on performance, given a fixed level 
of investment. Performance based cost-sharing affects expected output by rewarding it. 

* Depending on the magnitude of the reward and the shape of the capital/Capacity Factor 
technology function, the performance of the bidder's project will be affected more or less. 
The profit function is given by the following expression. 

Profit = Market Return + Government Subsidy - Investment - Capital Loss, 

where Market Return = Capital Payment + Operating Margin * Output, and 

Government Subsidy = Capital Subsidy + Operating Subsidy. 

Developer's behavior is modeled by assuming profit- maximization given technology 
choice and government incentive structure. With these inputs fixed, the developer chooses 
the optimal level of capital. The model will then calculate the following outputs: (1) capa­
city factor*, (2) total government cost sharing, and (3) the capital cost subsidy necessary to 

achieve financial viability. The model is solved for a range of operating and capital subsi­
dies. Results are plotted along with key input values on a graph such as Figure 3. These fig­
ures contain general input information on the bottom panel. The particular values of CS and 
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PS correspond to one example which is characterized under "outputs." The graph includes 
the whole range of parameter values for CS and PS. All variables are defined precisely, 
equations are given and detailed examples are shown in Appendix B. The graph shows that 
capacity factor will increase above fmin as the level of price subsidy increases. Without 
these contingent subsidies, DOE would not attract participants in the CCT program who 
were highly confident that they could maintain high levels of performance. 

This case is intended to represent a fluidized bed boiler financed under rate of return 
regulation. One particular configuration is listed under "Outputs." For this case, the capital 
cost ("In-place capital") of $178 million, or $1780/kW, is representative of this technology. 
We show a zero value for the operating margin, since regulated utilities typically do not 
earn profits from variable production. We limit the capital subsidy here to $50 million and 
the operating cost share to $24/MWh. The capital payment represents approximately 15% 
on investment. The cost of an "average" major outage is $10 million, and results in a one 
and a half month delay. Note that the upper panel shows "capacity factor*" for a range of 
operating subsidies; on the lower panel for this particular case the conventional capacity 
factor is calculated. In this example, the project earns an operating margin of $3/MWh. 
This can arise from economy energy sales to other utilities. The expected value of capacity 
factor is 60%, the worst case is 55%. Expected government subsidy is $113 million; worst 
case is $108 million. Expected profit represents the return above the rental rate on capital. It 
corresponds to the economic notion of excess profit. It is expressed as present-value dollars 
over the ten year operating horizon. Note that the project is "bankable" because even in the 
worst case there is still positive profit. 

4.4 Further Examples Using the Model 

The discussion so far has focussed primarily on the case of a single firm which has 
made its technology choice. It is important to understand the diversity of technology choices 
and developer configurations, so the basic model needs to be run a number of times over 
various technology and financial parameters. It is also important to show the influence of 
changes in government policy. Figure 3 shows, in the graphical portion, changes in capital 
investment and expected capacity factor as the level of operating subsidy is varied over the 
range from 0 to $40/MWh. This is with the fixed technology and market parameters listed 
under "Inputs." 

In Figure 4 we show a variation on Figure 3 where the changes are in subsidy structure. 
We consider a case where the capital subsidy is $33 million and the operating subsidy is 
$30/MWh. All other parameters are fixed. The total government subsidy increases by $3 
million in this example compared to the particular example highlighted in Figure 3. It is 
important to notice that by changing the incentive structure we have changed developer 
behavior and expected output. Figure 4 shows that the developer invests $3 million more 
and this increases expected capacity factor from 60% to 63% even though technical risk has 
not changed at all. 

11 



Next we illustrate a case involving higher technical risk, representing 

gasification/combined cycle technology. Compared to fluidized beds, this technology is less 

capital-intensive, but has higher technical uncertainties. Figure 5 shows a case where the 

capacity factor and government subsidy are roughly equivalent to the previous examples, 

but they arise out of very different underlying conditions. This case involves lower capital 

costs ($1160/kW), but more serious major outages (the delay factor is 2 vs. 1 in the previous 

cases, together with other parameter changes the result is an expected delay of 4.8 months). 

The expected cost of outages must be normalized to in-place capital to measure its financial 

impact. For the Figure 5 example this cost is 8.6% compared to about 5.5% for the Figure 3 

and 4 cases. To compensate for this increased financial risk, expected returns are higher, 

particularly when normalized to investment. Notice that this is true despite a reduction in 

the capital payment which is nearly proportional to the differences in capital costs. 

4.5 Using the Model for Program Design and Implementation 

Models are useful to help organize our thinking in complex situations. This model 

brings together technology, financial and government policy variables in a context of 

private profit maximization. By estimating parameters for different technologies, DOE can 

determine a value for the exceptional project that is consistent with marketplace require­

ments and limits the government's contribution to reasonable levels. This estimation will 

not be a trivial task. Available information is limited and fragmented. DOE must get 

engineers and economists working together to assemble the required estimates. The process 

will be iterative. Some of the best data may come in the form of responses to the Program 

Opportunity Notice for rounds four and five. The model can serve as a reality check on the 

proposals of bidders and an organizing process for data in these solicitations. We will 

address some of the implementation issues associated with giving the CCT program a per­

formance basis in Section 6. Before turning to those issues, however, we will argue that bas­

ing the selection of winners on the cheapest bids for operating subsidy per MWH is 

economically efficient. 

5. Auction Format and Optimality 

We would like to design a structure for the CCT program which links the performance 

of projects with government subsidies. Furthermore, it would be desirable to have partici­

pants bid for the level of performance subsidy they require, and select winners by choosing 

those who require least. These general design criteria can be implemented in a number of 

ways. In this section we outline the pre-conditions for running a CCT incentives auction 

based on performance and examine the efficiency of different approaches. 

To insure that DOE does not accept frivolous bids, the CCT program should impose 

threshold requirements on bidders that provide assurances of capability and serious intent. 

These threshold requirement will probably resemble the kind of information currently col­

lected from program applicants. It is an open question whether DOE should publicly 
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announce what these requirements are in advance. The argument in favor of such announce­
ments is that it will clarify bidders expectations. The argument against is that it may be 
unduly constraining. 

A similar issue concerning advance announcement of requirements concerns the max­
imum output subsidy that DOE will tolerate. Telling bidders in advance what this level is 
may create a tendency to reduce the level of price competition. They may all bid near the 
announced "reservation price" on the theory that no one else will respond. The difficulty 
with no announcement is just unnerving effect of no guidance on the ability of potential 
bidders to decipher DOE's intentions. On the other hand, if the CCT program pursues our 
scheme, intelligent bidders will simply read this report. We have no fIrm opinion on this 
point; it may require further study. 

A basic concern that bidders will have with the performance based approach is the lack 
of non-contingent capital subsidies. They can be expected to argue that the pure perfor­
mance approach is actually inefficient because it increases uncertainty and therefore raises 
the risk cost of doing a project. 

Careful analysis reveals that these arguments have considerable merit. We demonstrate 
that the pure performance approach is only economically optimal if the risk tolerance of the 
capital market is high. Since this is not really the case, then capital subsidies can play an 
important role. The auction design problem becomes an exercise in constructing the 
appropriate mix of capital and performance based subsidies. 

It is useful to recall that market incentives for performance are very strong for operat­
ing levels up to the rate we have been calling fmin. Because rate base return or capacity 
payments are such a large portion of the return to projects, there are very powerful incen­
tives to achieve this level of performance. Beyond the fmin output level, there is much less 
profIt incentive for additional production. This is the point at which DOE operating incen­
tives can playa very constructive role. We can show with some relatively simple examples 
that a mixed system of capital and operating subsidies is less expensive to the government 
than a system based entirely on operating subsidies. 

These arguments are illustrated in detail in Appendices C and D. The first issue 
involves the conditions under which a pure performance system is economically optimaL 
We show in Appendix C that in a world without capital constraints, then simply having 
bidders make operating subsidy offers along the DOE indifference curves will yield an 
optimal result. The bankability constraint, as represented in our model, means that this sim­
ple situation will not actually obtain. Only if the default probability which the bank uses to 
evaluate worst case outcomes is sufficiently high, will there be a convergence between the 
best bids from both the private and government points of view. 

More light is shed on this situation by means of concrete examples in Appendix D. 
Here we compare two bidding systems using the examples illustrated in Figures 3-5. One 
system is based on the pure performance criterion. In this case we assume that the bidder 
will offer the operating subsidy that just meets the bankability constraint. This subsidy will 
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be paid over the operating range above the zero value point (i.e. f.null in Figure 1). The 
second system we examine is mixed. Bidders are offered a fixed capital subsidy of $50 mil­

lion for a 100 MW project, and then offer an operating subsidy rate. We assume that the 
bidder in this case will be paid only on output above fmin, and again picks a subsidy rate 
that that just meets the bankability constraint. The examples show that the mixed system 
always costs DOE less money. Essentially, the extra cost is a risk premium that the banks 

extract from the government because returns in the pure performance case are more uncer­
tain. 

These examples do not predict the optimal auction format. Further research would be 
necessary to determine the precise parameters for bid evaluation that would yield the most 
efficient outcome. Nonetheless the results are instructive. The $50 million capital subsidy is 

somewhat less than half the total government cost share. By specifying the capital subsidy, 
we reduce the bid evaluation problem to the simple form suggested by the pure performance 
approach to CCT incentives. While more complicated rules are possible, we would have to 

investigate whether any efficiency gains obtained would be worth the additional complexity. 

The simple mixed scheme we use is reasonably close in form to DOE's current pro­

cedures. The key difference is that the operating subsidies are made strictly contingent on 
performance. Further, these subsidies should only take effect for output above the level we 

call fmin. This gives the participant strong incentives to choose designs which are reliable 
and to use efficient operating procedures. By shifting toward a performance basis for operat­

ing subsidies, DOE would promote the commercialization objective. 

6. Budgetary and Administrative Aspects 

Performance based cost-sharing will involve some budgetary complexities. The princi­
pal issue surrounds the uncertain outlays in an environment where payments to participants 

are tied to performance that cannot be predicted very accurately in advance. To meet its 

budget constraint DOE must predict how much its program participants will produce and 
multiply this estimate by its cost per unit of output (i.e. the project-by-project weighted 

average of winning bidders prices) to determine its financial obligation. Even with the best 

output predictions the resulting estimate is unlikely to match the budget. This leaves room 
for negotiation with marginal bidders. We distinguish the budget problem at this stage from 

the problem of an actual implementation of a performance based system. It is the latter that 
requires our attention because of the potential for incentive effects under different adminis­
trative rules. 

We focus on the situation where DOE has selected winners and negotiated agreements 
with them based on estimates of project performance. These estimated capacity factors 
presumably meet the CCT budget constraint. In practice, however, DOE cannot expect that 

its estimates will be realized. Some projects will perform better than expected, some will 
perform worse. DOE should not deviate from the announced structure of the performance 

basis for cost-sharing. It should pay on the basis of actual results. On the average it might be 

14 



expected that the better performers will be exactly balanced by the poorer performers, so 

that budget outlays equal expected costs. What if this does not occur? We consider two 
cases: either the obligation falls short of the allocated funds (aggregate under-performance), 

or it exceeds allocated funds (aggregate over-performance). 

The under-performance case leaves DOE with unobligated funds. In this situation there 
is likely to be political pressure from poor performers urging DOE to pay their expected 
subsidies instead of what they actually earned. It will be argued that "Acts of God" or other 
circumstances out of their control were responsible for the unsatisfactory outcome. In the 

extreme, these claims can relieve participants of all responsibility and reduce the program to 
paying non-contingent subsidies. If DOE wants to consider such reasoning at all, it would be 

best to clarify this at the very start, in the Program Opportunity Notice. This kind of situa­

tion, known as "force majeure," has been the source of much litigation in the private power 
industry. 

A useful example of the anticipatory approach to limiting the impact of force majeure 
claims can be found in the New Jersey Board of Public Utilities Stipulation on Bidding Pro­
grams (1988). This document defines cases where force majeure claims will be allowed and 
where they will be rejected. The only situations where these claims are allowed involve 
either natural disasters or acts of government agencies (other than enforcement of known 
regulations). Losses resulting from economic circumstances such as strikes or fuel supply 
interruptions are excluded. 

Assuming there are unobligated funds resulting from the under-performance case, 
DOE should allocate them to the superior performers. This makes the performance incentive 

much like a contest. "Prize money" could be allocated either by balancing the books at the 

end of every year, or over the entire duration of the program. There are benefits to each 
approach. The advantage to holding the unallocated funds across a number of years is that 

eventually DOE might have a year when all projects perform above expectations. In the 
over-performance case DOE will not have sufficient funds to pay all participants at their 
promised rate unless there has been a specific reserve allocated for this purpose back at the 
project selection stage. If no such reserve was allocated, or if it is insufficient, then holding 

over unallocated funds from under-performing years can help to make up the deficit. 

Alternatively, DOE may decide not to hold over funds and not to allocate an initial 
funding reserve for the over-performance case. This will transfer some of the overall ran­
domness of outcomes to program participants. For the successful projects, there may be a 

larger gain in this case than under a more conservative approach because there will not be 

any delays in compensation for superior performance. In this case, however, DOE would be 
obligated to inform potential bidders that under some circumstances the full operating sub­
sidy might not be paid. Some more careful analysis will be required to determine the best 
policy to account for forecasting uncertainty in allocating the CCT budget under a perfor­
mance based system. 
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7. Unresolved Implementation Issues 

This report has presented a simple analysis of a performance based cost-sharing 

approach for the CCT program. While the general framework we present is plausible, it is 

not a blueprint for program design. This has only been a conceptual development effort, not 

an implementation plan . To the degree that the arguments presented here are reasonable, 

. however, they suggest a variety of tasks that would be required to make the transition from a 

conceptual approach to a plan for implementation. In the interest of clarity we conclude by 

enumerating unresolved issues and making some suggestions about how to approach them. 

o We focus these concluding comments around two basic sets of issues: (1) technological 

diversity, and (2) uncertainty analysis . 

Our discussion of technological particulars has been highly limited. We have only 

treated re-powering technologies, and even those at a very high level of generality. Since the 

CCT program includes more than these technologies, there is a threshold question concern­

ing whether our approach can be extended to alternative fuel forn1s or retrofit technologies. 

We are not prepared to give an unambiguous answer to this question now. Even within the 

domain of re-powering we have largely suppressed question of alternative scale in different 

projects. Does DOE want on e big projec t or two equivalent smaller ones? We have not dis­

tinguished between these alternatives so long as both gave the same output. Perhaps there is 

a value to repli~~Hion in tvv'o small projects . Alternatively, the scale economies of one large 

project might be more attracti ve. 

Uncertainty is ubiquitous in technology development and commercialization. It has 

received surprisingly little explicit attention in the analysis tools used by the CCT program. 

While our model of bidder beh av ior incorporates uncertainty in several ways, it still leaves 

the user with difficult parameters to estimate. We re-iterate these here. The relation between 

investment cost and output is currently specified in our model with a two-parameter func­

tion. Perhaps this particular fun cti on is not the best representation of the capital/output rela­

tion, but some such function must be estimated. While this does not necessarily involve pro­

babilities explicitly, it is certainly not something that is known with certainty. The model 

also has a component that allo ws for "major outages" and their cost. This also involves 

parameters that must be estimated. but arc difficult to grasp. Perhaps the creative use of 

engineering contingency method s \vould help with these questions. 

Finally our di scussion of budget issues in Section 6 highlights the need for DOE to 

make output estimates for the projects it se lects in order to decide how many projects can be 

supported. These estimates canllot be expected to be very accurate. Budget allowances will 

be required to deal with inaccuracies. Without proper attention to this issue the program 

may end up blunting performance in ce nti ves instead of encouraging them. 

This report may leave the reader with the impression that more questions have been 

raised than answers given. At bottom our approach is simple. The electricity marketplace 

rewards performance. For clean coal technologies to compete sLlccessfully they must 

demonstrate perf0ll11<lnCe that mee ts mllrketplace standards. The best way for the CCT 
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program to achieve this is to reward perfOIl11anCe by program participants. Achieving this 
orientation within the budge tary, in stitutional, and political constraints facing the CCT pro­
gram is the challenge we ha ve tried to delineate. 

17 



Total 
Subsidy 

0% 

Figure 1 - DOE Indifference Curves 

Except ional Project 

Zero Value 

fnull fmin 

1 ~ 

85% 100% 

Capacity Factor 



The Family of Capacity Factor* Functions 

.,~ 

0 ....... 
u 

N ro 
c.r... 

Q) 
>-. l- ....... 

. ~ °G 
OJ) ro .- 0... ~ ro 

U 

1 

C\ 

_..--..--~~I>--I>--I>--I>_I>-_I>-.J>- 'I>--I>--I>--~---I>--<>--....----"" ___ ..- <>-- I>--I>--I>--.~-<~~-

/ / ~_~~_-4--<>--4--~~~~ 
}> ~<r 

.,' ~~~------ -

/
" ~~ 0----

.' /.~/ e--a--_e--"-e--e--" r ,~ --o--o_,_o-O- .o_ o- .o--e--

( , 0 ' ~.q--"----,_o--__ o __ 

I 
/ 0 ~....-a-/""-~ 

/ ~.---- ' 
j / / ff" 

I
I ! ,...a/ _.----> 

, 0 / ,...--..--/ ~. - --..--..--I-r---/ ~. <_/'~-'~ 
1 ! ./ ~-- ,----
1/ / / ...-"'V 

/1./ / '/ 
il/ /' //,/ --.=-.-~-~~--. 

/ / -~--...---

I! -,/ ..... ~~~------
·I-l- / ~ ---. ...-'~..-~?~-----
I j • ~ 

1

d 

i,' .-/ .---- ~.-~ ..-~-1/ . . /.-/ -.~-.----.--~ 
I / 

/ 0' - . ----- -

" /"/ .----_'-_'---
r,, ' / .----------If / •. ,"/ ---------------
:{I, , / . .---- -
/ .. ---r--T" I I i I I I I I r 

0.8 

0.6 

0.4 

0.2 

o 
90 100 110 120 130 140 150 160 170 180 

Net Capital Investment in $M 

_ _ shape = 0.3 -+- shape = 1 __ -+- shape = 3 

- -6- - shape = 10 ~ __ shape = 30 -->- _ shape = 100 



en 
~ 
0 

;S ...... 
~ 
&7 

INPUTS: 

f of 

Min f() 

Max 

Mean and 

Figure 3 - Fluidized Bed Example: Regulated Case 

Bidder's Response to Price Subsidy 
300 ~% 

250 80% 

200 70% *10-< 
0 ...... 
u 
ro 

150 ~ 
60% >. ..... 

·u 
ro 
0.. 

100 50% (3 

50 40% 

o 30% 
$0 $8 $16 $24 $32 $40 $48 $56 $64 $72 $80 

Price Subsidy 

___ Capacity Factor* 

----.- Total Subsidy 

Capital Subsidy CS 
Price Subsidy PS 

Subsidy Duration S.yrs 
Zero-Value Project f.null 

Capital Payment CP 
to receive CS & CP fmin 

Operating Margin M 
Loan Interest Rate LR 

Term of Loan L.yrs 
Loan Default Rate DR 

X-intercept of f() b 
Shape of f() shape 

SD of Capital Loss s 
Delay Factor DF 

Construction time C.yrs 
Capacity Cap 

-+- Critical Capital Subsidy 

$50 M DOE OUTPUTS: 
$24.0 /MWhr DOE Expected Worst 

5 years DOE ======== ===== 

20% DOE In-Place Capital 
$250 k/MWyr Market $181 $181 

40% Market -------- -----
$3 /MWhr Market Capacity Factor 

12.0% Market 60% 55% 
10 years Market -------- -----

2% Market Total Subsidy 
$160 M Tech. $113 $108 
12.0 Tech. -------- -----

$10 M Tech. Profit 
1.0 Tech. $51.07 $8.85 
2.0 years Tech. -------- -----
100 MW Tech. Bankable? Yes 

20 



Vi 
I=: 
.9 

~ 
QI7 

INPUTS: 

f of 

Min f ( ) 

Max 

Mean and 

Figure 4 - Fluidized Bed Example: Alternate Subsidy Structure 

Bidder's Response to Price Subsidy 
300 90% 

250 - 80% 

200 70% * ..... 
0 ..... 
() 

C\l 

150 
~ 

60% >. ..... 
'[i 
C\l 
0.. 

100 50% U 

50 - 40% 

o 30% 
$0 $8 $16 $24 $32 $40 $48 $56 $64 $72 $80 

Price Subsidy 

_ Capacity Factor* 

---.- Total Subsidy 

Capital Subsidy CS 
Price Subsidy PS 

Subsidy Duration S.yrs 
Zero-Value Project f.null 

Capital Payment CP 
to receive CS & CP fmin 

operating Margin M 
Loan Interest Rate LR 

Term of Loan L.yrs 
Loan Default Rate DR 

X-intercept of f ( ) b 
Shape of f ( ) shape 

SD of Capital Loss s 
Delay Factor DF 

Construction time C . yrs 
Capacity Cap 

21 

-.- Critical Capital Subsidy 

$33 M DOE OUTPUTS: 
$30.0 /MWhr DOE Expected Worst 

5 years DOE ======== ===== 
20% DOE In-Place Capital 

$250 k/MWyr Market $184 $184 
40% Market -------- -----
$3 /MWhr Market Capacity Factor 

12.0% Market 63% 58% 
10 years Market -------- -----

2 % Market Total Subsidy 
$160 M Tech. $116 $11 0 
12.0 Tech. -------- -----

$10 M Tech . Profit 
1.0 Tech. $45.59 $1. 98 
2.0 years Tech. -------- -----
100 MW Tech. Bankable? Yes 



:/) 

c:; 
.9 
...-

:2 
Y'7 

INPUTS: 

f of 

Min f ( ) 

Max 

Mean and 

Figure 5 - Gasification Case 

Bidder's Response to Price Subsidy 
400 90% 

80% 

300 -

- 70% .... t .... 
0 ...... 
u 
c;:! 

200 60% 
u... 
» ...... 
·u 

:-d 
a.. 

50% U 
100 

- 40% 

o 30% 
$0 $1 0 $20 $30 $40 $50 $60 $70 $80 $90 $100 

Price Suhsidy 

_ Capacity Factor* 

-.- Total Subsidy 

Capital Subsidy CS 
Price Subsidy PS 

Subsidy Duration S.yrs 
Zero-Value Project f.null 

Capital Payment CP 
to receive CS & CP fmin 

Operating Margin M 
Loan Interest Rate LR 

Term of Loan L.yrs 
Loan Default Rate DR 

X-intercept of f ( ) b 
Shape of f ( ) shape 

SD of Capital Loss s 
Delay Factor DF 

Construction time C.yrs 
Capacity Cap 

-+- Critical Capital Subsidy 

$50 M DOE OUTPUTS: 
$24.0 /MWhr DOE Expected Worst 

5 years DOE -------- ===== ---- ----

20 % DOE In-Place Capital 
$180 k/MWyr Market $116 $116 

40 % Market -------- -----
$0 /MWhr Market Capacity Factor 

12.0% Market 57% 42 % 
10 years Market -------- -----

2 % Market Total Subsidy 
$100 M Tech. $110 $95 
10.0 Tech. -------- -----

$10 M Tech. Profit 
2.0 Tech. $60.92 $1. 30 
2.0 years Tech. -------- -----
100 MW Tech. Bankable? Yes:: 



References 

Barlow, R. and F.Proschan, Statistical Theory of Reliability and Life Testing, New York: 

Holt, Rinehart and Winston, 1975. 

Cone, B. et a!. An Analysis of Federal Incentives Used to Stimulate Energy Production, 

Batelle Pacific Northwest Laboratories Report No. PNL-241O, 1978. 

Electric Power Research Institute, Technical Assessment Guide, V.I, EPRI P-4463-SR, 

1986. 

Friedman, M., R. Melvin, and K. I-Ieinschel, "The First Year of Operation at Colorado Ute 

Electric Association's 110 MWe Circulating Fluidized Bed Boiler," Proceedings: 1988 

Seminar on Fluidized Bed Technology for Utility Applications, EPRI GS- 6118, 1989. 

"Investment Bankers Role May Wane as Developers Gain Financial Savvy" Independent 

Power Report, June 30, 1989, 11-12. 

Joskow, P. and R. Schmalensee, "Incentive Regu lation for Electric Utilities," Yale Journal 

of Regulation, vA (1986) 1-49. 

Kahn, E. and C.Goldman, "Impact of Tax Reform on Renewable Energy and Cogeneration 

Projects," Energy Economics, v.9 (October, 1987) 215-226. 

Litzinger, R., "Testimony in Southern California Edison Company Petition to Amend the 

Certification Decision for the Cool Water Coal Gasification Project," California Energy 

Commission Docket No. 78-AFC-2A, March, 1988. 

Moll, J., D. Simbeck and D.Wilhelm, "Track Record for Fluidized Bed Boilers," Fourth 

Annual Cogeneration and Independent Power Market Conference, New Orleans, Louisiana, 

April, 1989. 

New Jersey Board of Public Utilities, "StipUlation of Settlement in Docket No. 801O-687B," 

July 1, 1988. 

Rothwell, R. "The Difficulties of National Innovation Policies," in S. Macdonald, et a!., The 

Trouble with Technology, London: Francis Painter, 1983. 

Simbeck, D. and S.Vejtasa, "Status of Technology and Markets for Atmospheric Fluidized 

Bed Combustion," Tenth International Conference on Fluidized Bed Combustion, San Fran­

cisco, California, 1989. 

Stiglitz, J and A. Weiss, "Credit Rationin g in Markets with Incomplete Information," Ameri­
can Economic Review, v.7 1 (June, 1981) 393-410. 

Stoneman, Paul , The Economic Analysis oj'Technology Policy , Oxford University Press, 

1987. 

Texas Utilities Electric Company, Settlement Agreement in Texas Public Utility Commis­

sion Docket No. 6065 , 1985. 

"Ultra-low emissions, performance ti ed to process know-how," Power (June, 1989) 65-66. 



24 



Appendix A 

Credit Rationing for Multi-Period Risky Projects 

Motivation 

Some projects pose operating risks that are so large they cannot attract capital. If the 

government were to underwrite the start-up risk in these cases, then credit might become 

available for such projects . This scenario is the motivation for start-up insurance subsidies 

that have been discussed by DOE. In this Appendix we set up a model of bank lending in 

the situation where the borrower gets a loan in period 1 ("construction"), but may need addi­

tional capital in period 2 ("start-up"). Lenders are aware of the problem that borrowers may 

need to come back for additiona l capital infusions if there has been insufficient initial 

investment. In the model described below the bank has an incentive to fund the initial 

investment adequately so that subsequent back-up \ending is less likely. We will use this 

framework to define a condition on the ultimate probability of project success which deter­

mines whether the initial loan will be made at all. 

Relation to Maximum Loan Default Rate 

In our analysis of bankability, we model banks as requiring the loan default probability 

to be less than some threshhold, DR. So unlike the developer, they are not interested in the 

expected value of a project, but rather in the probability that it will realize a negative profit. 

This we believe is a good representation of the rule of thumb actually used by the banks. 

What should be noted here is that this rule of thumb is designed to maximize the bank's own 

expected profit, which is not at all the same as the project's expected profit. In the present 

appendix we assume that banks wi ll not lend unless they expect a profit greater than zero. 

This is in keeping with the economists definition of profit which includes all costs including 

the cost of capital. If the b:lnk is risk averse then it will require a risk premium, which 

amounts to increasing the expected protit threshhold to a positive value. 

It would be desirable to expLlin the banker's rule of thumb on loan default rates by 

considering the bank's expected profits, :lI1ci the constraints on credit described by Stiglitz 

and Weiss, but that task is well beyond the scope of this paper. 

Model 

The framework described here derives from Stiglitz and Weiss, "Credit Rationing in 

Markets with Imperfect Information," American Economic Review, v.71, no.3 (June, 1981), 

393-410. 



Notation 

L = initial loan in period 1, repaid at end of period 2 

M = additional capital required at start of period 2 if 

project does not succeed in period 1 

PI = probability of success in period 1 

P 2 = probability of success in period 2 (independent of 

outcome in period 1) 

rl = interest rate on L, R 1 = 1 + rl 

r2 = interest rate on M, R2 = 1 + r2 

c = bank cost of funds, C = 1 + c 

The loans are repaid at the end of period 2 unless there is failure in both period 1 and 
period, in which case they are never repaid. We now develop a formula for the bank's 
expected profit by considering the three possible outcomes and their probabilities. The first 

outcome to consider is success in period 1. That happens with probability P l' and in that 

case 

Income = Rl ' L 

Cost = C 2 ·L 

With probability (l-P 1)' P 2 there will be failure in period 1 but success in period 2. In that 

case 

Income = Rl·L + R 2·M 

Cost = C 2 'L + C'M 

The third case is failure in both periods in which case there is no income but cost is the same 

as in the previous case. By taking an average of these three cases weighed by their proba­

bilities we can find expected profit as follows: 

E(n) = P 1 ' RlL + (1 - Pl)'P 2'(Rl'L +R 2'M)-[C 2'L + (1 - P 1) ' C ' M] 

It is useful to reorganize this equation, grouping together the terms that include L and those 
that include M. 

The contents of the two pairs of square brackets we now denote by A and B respectively. 
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We can now see that E (1t) will be positive for all combinations of postive M and L if and 

only if A > 0 and B > O. These conditions give us two constraints on the probabilities PI 

and P 2' namely: 

B > 0 

A > 0 
c2 

PI + (1 - PI) . P 2 > -Rr 

(1) 

We do not mean to imply that both conditions must be satisfied, only that these would have 

to be satisfied for the bank to be unconcerned about the size of M and L. Generally the ini­

tialloan, L, is more likely to be profitable than the follow-up loan M. This is because, while 

the chance of default on M is (1 - P 2), on L it is only (1 - P 1)(1 - P 2), which is generally 

considerably smaller. This means that equation (1) is the constraint most likely to be 
violated. 

If A . L > 0 then the bank would be willing to finance the project even if constraint 

(1) is violated provided it has some assurance that its losses on M will be limited. This 

means that M itself must be limited. This is a potential role for DOE. To find what limit 
DOE must put on M in order to induce the banks interest, we assume A > 0 and B < 0, 

and then compute the largest acceptable MIL. 

E (1t) > 0 ~ A· L 

M A - < 
L (I-P 1)· (-B) 

This put an upper limit on MIL and then on M for any particular L. In order to get a sense 

for the effect of this limit we make a small numeric calculation. Assume c = 8%, r 1 = 10%, 

r2 = 15%, P 1=.7, and P 2 = .9. In this case, without the backing of DOE, the bank would 

find condition (1) violated because 

c 
P 2 = .9 < - = .94. 

R2 

Therefore the bank would not finance the project unless DOE assured it that 

M < .54 
L 

This means that DOE would have to assure the bank would not have to lend more that .54 

times as much as its initial loan. 

In the case where the bank will loan for any combination of M and L, then it is con- ' 

straint (1) which is binding. This simply means that the ultimate probability of project suc­

cess must be high for banks to lend since C will be close to R 2. 
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Appendix B 
Description of the Model 

Description of the CCTIM Model 

The Inputs 

The model describes a sequence of events that represent a typical Clean Coal demons­
tration project. That sequence begins with construction, and is followed by a delay of ran­
dom length caused by technical difficulties. The operating subsidy does not begin until 
actual effective operation which comes at the end of the delay. As a simplification, the loan 
is modeled as if it started at time O. Technically this means the loan value has the interest 
payments for the construction years capitalized into its value. The figure below serves to 
define the model variables (delay, c.yrs, S.yrs, and L.yrs) that measure time, and to illus­
trate the described sequence. 

I -construction- I - delay-I -subsidy- I 
I - - - - - - - - - - - - - - - - - - - - - - Lo an - - - - - - - - - - - I 

-c . y r s 0 S . Y r s L . y r s 

The top of the first page of the CCfIM model displays its inputs and some of its most 
crucial outputs. A description of these will provide an introduction to the model. 

Policy Inputs: 

CS: 

PS: 

S.yrs: 

Capital Subsidy is all paid at time zero. And depends on performance 
only to the extent that a certain minimal operating rate is required. 

Price Subsidy is paid strictly in proportion to production during the Sub­
sidy period. This period starts at a date certain, so any construction 
delays cause a loss of subsidy. 

The Duration of the price Subsidy period. This period starts at the target 
date for the end of construction, whether or not construction is com­
plete. 

f.null: This is the capacity factor of what DOE considers to be a "worthless" 
project. Such a project neither encourages nor discourages the adoption 
of clean coal technology by the market. 

CS.Bid: In figures D-3, D-4, and D-5, two auction strategies are compared. One 
auction uses CS.Bidl in place of CS, and the other uses CS.BID2. 

f.Bid: This is the second auction parameter and specifies the capacity factor 
above which the operating subsidy will be paid. 
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V.xcep: This is the value of an "exceptional" project; that is, one that operates at 
an average capacity factor of f.xcep By value we mean the most that 

DOE would be willing to pay if the choice was between this project and 

no project. 

f.xcep: This is the capacity factor of the "exceptional" project. 

Market Inputs: 

CP: Capital Payment is the return on the amount of capital that the PUC 

allows in the rate base, or the private producer receives as a capacity 
payment, provided the operating factor is above fmin. 

fmin: Fmin is the minimum capacity factor* that must be achieved in order to 

satisfy the PUc. Note that the model does not quite enforce this rule 
(and neither may the PUC) but instead only requires that the project put 
in place enough capital, and keep it repaired, so that after an average 
size major outage the capacity factor* will still average fO, (this func­
tion is defined in the technology input section). Note that capacity fac­

tor* is defined as the average excluding the time during which the major 

outage is being repaired. 

M: Operating Margin is the revenue, net of operating costs, that the project 

will receive from market sources per MW hour of generated energy. 

LR: This is the "loan rate", or nominal interest rate on the project's bank 

loan. 

L.yrs: The term of the Loan. For simplicity this is modeled as starting on the 
same date as the subsidy period, i.e. at the target date for completion of 

construction. Before this time a short-term bridge loan is used and it's 

cost is counted as part of the cost of construction. 

DR: DR is the maximum loan Default Rate that the lender will tolerate. For 

example if the lender will not make a loan if it believes that the proba­
bility that it will not be repaid on schedule is less than 98%, then DR is 

set to 2%. 

Technology Inputs 

fO: The capacity factor* function is not an input, but is determined by the 
next two input parameters, b and shape. It computes the average capa­

city factor* over the life of the subsidy period from the capital invested, 

under the assumption that major outages do not cause delays or do not 

occur. 

b: fO has two parameters, b (base capital) and "shape". The x-intercept of 

fO is given by b. The function is zero to the left of the x-intercept, at 

which point sufficient capital has been invested to complete the project 

in a minimal way. 
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shape: The steepness of fO is given by "shape" . 

Ex,Wx: The cost to fix a major outage is a exponentially distributed random 

variable, which we call the capital loss, x. Because it is random it is 
generated by the model, using "s" as it's mean and standard deviation 

(always the same for an exponential distribution), and thus is not 

directly input by the user. Ex is the expected capital loss and Wx is the 
worst case capital loss. 

s: The mean and standard deviation of the actual capital loss, x. X has a 

exponential distribution whose density is given by -.le -x / s. If the pro­
s 

bability of finding a value of x greater than "Wx" is p, then 
Wx = -In (p ) . s 

DF: The Delay Factor which governs the severity of the delay caused by a 
capital loss, x. This delay will cause a loss of price subsidy (PS), capital 
payment (CP), and operating margin (M). The delay is calculated as 
DF . C.yrs . (x Ib), where c.yrs is the expected time for construction, 

and b is the base capital cost. This means that if half of the base capital 
is destroyed and the delay factor is 2, the repair will take the full con­
struction time. 

c.yrs: The expected construction time in years. 

Cap: Capacity in MWs is the rated capacity of the project. 

Model Inputs: 

maxPS: This is the maximum Price Subsidy that will appear on a graph or table. 

It represents the larges Price Subsidy that DOE wishes to consider in 
this analysis. 

The core of the model is contained in the first two pages of the spreadsheet. These are 
reproduced at the end of this section. Following them is a list of all the equations hidden 
within the cells of these two pages. The rest of the model consists of calculations that are 

equivalent to those presented here, but which are used to construct tables of values on which 
the model's graphic output it based. The model also contains several pages of programming 
that make it convenient to display graphs, print output, and save and recall scenarios. 

The first model page displays all of the inputs described above plus eight of the most 

important outputs. The input values can be changed in this panel and new outputs are 

immediately displayed. The input values for CS and PS are those used to produce the 
displayed outputs. Most graphs, on the other hand, do not use these values but instead use a 
whole range of values for PS , from zero to maxPS . 
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Calculations 

Preliminary calculations are carried out at the bottom of page one. These include fac­
tors for taking present values, and for changing units. These calculations are not essential 
for understanding the model and will not be discussed here. However the equations for 

these calculations are all displayed in the list of equations at the end of this section. 

On the second page of the model two parallel calculations are carried out, one for the 
expected case and one for the worst cast. Turning first to the Expected Case, we begin with 
optK, the optimal level of capital if CS and CP were not conditional on the capacity factor*, 
f, exceeding fmin. This is computed by maximizing profit, n. In the following derivation, 
PVmP and PVmM are the present value multipliers for the price subsidy, and for market 
income (M plus CP). APF and ACF are used to convert units and are defined in the table of 
equations near the bottom of the first model page. 

n = (PVmP ·PS + PVmM ·M)·APF ·f(K) 

+ PVmM ·CP ·ACF 

-(K + Ex - CS) 

The first term accounts for payments that depend on the capacity factor*, f. The second 
term is the capital payment (CP) made by the utility that buys the power. This is made only 
if f > fmin, but the developer will inevitably choose to invest to at least this level just 
because CP is contingent on f. The third tenn measures capital expenditure net of capital 
subsidy. 

f (K) = (K -b) 
(K-c) 

f' (K) = (b-c) 
(K _c)2 

c = b _ b 
shape 

These equations define the capacity factor* function and its derivative. Now re-write the 
profit equation emphasizing its dependence on K. 

n(K) = A . f (K) - K - constant, where 

A = (PVmP ·PS + PVmM ·M) ·APF 

Now differentiate profit with respect to K. 

n' = A . f ' - 1 = 0 
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Setting the derivative of 1t with respect to the firm's single control variable, K, equal to zero 
provides the first order condition for optimization. 

A . (b -c) = (K -c )2 

We now have a quadratic first order condition, which we solve to find the value of optK 

given below. 

optK = --JA . (b -c) + c 

This concludes the derivation of the first variable in the calculations panel of the model. At 
this point we have already determined how the firm will behave and all that is left to find 

the consequences of that behavior. 

Continuing down the calculations page, Kmin is the amount of capital expenditure 
needed to produce an capacity factor* of fmin. "In-Place Capital", K, is simply the max­
imum of optK and Kmin. Capacity factor*, f, is then computed using f(K), which is defined 
above. Expected capital loss, Ex, is exactly the input parameter s, because we are assuming 
an exponential distribution. The lost capital will have to be replaced, so the expected capital 
expenditure will be CE = K + Ex. 

The value of the loan is simply the CE minus the capital subsidy. We use the loan 
interest rate as the projects discount rate, therefore when the loan payments are discounted 
to the present they have a present value exactly equal to the principal of the loan. The PV of 
the price subsidy stream takes into account that the subsidy does not start until after any 
delay. This is also the case for capital and operating payments. 

Total price subsidy is not a discounted value. DOE has a nominally fixed budget and 
so we compute the simple sum of the price subsidy payments. 

The worst case differs from the expected case because after the contract is accepted 
and the loan is secured a greater than expected "major outage" occurs. Thus the first vari­
able in the worst-case table that differs from the its twin in the expected-case table is the 
capital loss. This leads to an increase in the "Worst-Case Capital Expenditure". Because a 
bigger major outage causes a longer "delay", the present values of the price subsidy, the 
capacity payments, and the the operating payments are all reduced. This of course reduces 
profit, and may cause the project to be unbankable even though expected profit is high. 
DOE's operating subsidy is of course also reduced. 
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INPUTS: Capital Subsidy CS $50 M DOE OUTPUTS: 
Pr ice Subsidy PS $24.0 /tvWVh r DOE Expected Wo r s t 

Subsidy Duration S . yrs 5 years DOE ======== 
f of Zero-Value P·r 0 j e c t f.null 20% DOE In - Place Cap i t a I 

Capi tal Paymen t CP $250 k /tvWVy r Market $178 $ 1 78 
Min f() to receive CS & CP fmi n 40% Market ---- - ---

Operating Margin M $0 /tvWVh r Market Capacity Factor 
Loan Interest Rate LR 12.0% Market 56% 52% 

Term of Loan L.yrs 10 years Market --------

Max Loan De fa u 1 t Rate DR 2% Ma r k e t Total Subsidy 
X-intercept of f ( ) b $160 M Tech . $ 11 0 $104 

Shape of f() shape 12 . 0 Tech . ------- -

Mean and SD of Capital Loss s $10 M Tech . Profi t 

Delay Factor DF 1 .0 Tech . $42.45 $1 .02 
Construction time C.yrs 2 . 0 years Tech. - --- - ---

Capacity Cap 100 tvWV Tech. Bankable? Yc s 
Capital Subisidy of Bid 1 CS.Bidl $50 M DOE 
Capi tal Subisidy of Bid 2 CS .Bid2 $0 M DOE 

f Threshhold for PS, Bid 1 f . Bid 1 40% DOE 
f Threshhold for PS, Bid 2 f.Bid2 20% DOE 
Max Graphed Pr ice Subsidy maxPS $80 Mode I 

Value(Exceptional Project) V.xcep $300 M DOE 
f of Exceptional Project f.xcep 0 . 9 DOE 

14-Nov-89 Clean Coal Incentives Model: V.6 

Prel iminary Calculations: 

E( Capital-Loss Delay ) delay o . 1 years 1 .5 months 
PV mu I tip i e r for Loan PVmL 1 . 00 

PV mu 1 tip i e r for PS PVmP 3 . 49 
PV mu 1 tip i e r for M & CP PVrrM 5.53 

Worst-Case Delay delay.w 0 . 5 years 
Worst-Case PVm for PS PVwP 3.16 

Worst-Case PVm fo r M & CP PVwM 5 . 20 

Intermediate f ( ) parameter c $147 
Annua 1 P ric e Factor APF 0.88 $ /tvWVh r - - > $M/ pIa n t - yea r 

Annual CP Factor ACF 0.10 $ k /tvWVy r - - > $M/plant-year 

Bank.f 57% 
Bank . PI $42 
Bank . TS $110 
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Calculations: 

Op t i rna 1 In - PIa c e Cap ita 1 
Min K to receive CPay 

In-Place Capital 
Expected f(lPK) 

Epected Captal Loss 
E(Capi tal Expendi ture) 

PV of Loan 
PV of Price Subsidy 

PV of Capi tal Payments 
PV of Opperating payments 

PV of Expected Profit 

Total Price Subsidy 
Total DOE Subsidy 

Calculations: 

PV 
PV 

Op t i rna I In - PIa c e Cap ita I 
Min K to receive CPay 

In-Place Capital 
Worst-Case f(IPK) 

Worst - Case Capital Loss 
Worst-Case Cap. Exp. 

PV of Loan 
of W-Case Pr ice Subsidy 
of W-Case Cap. Payments 

PV of W-Cas e Op. payments 
PV 0 f W-Ca s e Profit 

Bankability 

Total Pr ice Subsidy 
Total DOE Subsidy 

==Expected Case== 

optK $178 M 
Kmin $169 M 

K $178 M 
f 57% 

Ex $10 M 
CE $188 M 

PV.L ($138 )M 
PV.PS $42 M 
PV.CP $138 M 
PV.OP $0 M 

PI $42 M 

TPS $60 M 
TS $110 M 

===Worst Case=== Expected Value 
Comparison 

$178 
$169 
$178 

57% 
WX $39 $10 

WCE $217 $188 

($138) 
WPV.PS $38.05 $42 .06 
WPV.CP $130.02 $138.33 
WPV.OP $0.00 $0.00 

WPI $1 .02 $42.45 
Bank n.a. 

WfPS $54 $60 
WfS $104 $110 
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Equations from Bottom of input page: 

delay +DF*C.YRS*(EX/B) 
PVmL 1 
PVmP @MAX(O .@PV(l.LR.S . YRS)-@PV(l.LR.DELAY» 
PVrrM @MAX(O .@PV( 1. LR. L . YRS) -@PV( 1. LR. DELAY) ) 
delay.w= +DF*C.YRS*(WX/B) 
PVwP @MAX(O .@PV( 1. LR. S . YRS) -@PV( 1 • LR. DELAY .W) ) 
PVwM @MAX(O .@PV( 1. LR. L. YRS) -@PV(l . LR. DELAY .W) ) 

c +B-B/SHAPE 
APF 8760*CAP/IOOOOOO 
ACF +CAP/IOOO 

Bank.f +BANK*F 
Bank . PI = +BANK*PI 
Bank.TS = +BANK*TS 

Equations from Top of Calculation page: 

optK 
Kmin 
K 
f 
Ex 
CE 

PV.L 
PV.PS 
PV.CP 
PV.OP 
PI 

TPS 
TS 

@SQRT«PVMP*PS+PVMM*M)*APF*(B-C)/PVML)+C 
(B-C*FMIN)/.(l-FMIN) 

@MAX(KMIN.OPTK) 
@ I F (K> B . (K - B ) / (K - C) . 0 ) 
+S 
+K+EX 

-PVML*(CE-CS) 
+PVMP*APF*PS*F 
+PVMM*ACF*CP 
+PVMM*APF*M* F 
+PV . L+PV . PS+PV.CP+PV.OP 

+APF*PS*F*(S.YRS-DELAY) 
+CS+TPS 

Equations from Bottom of Calculation page: 

WX 
WCE 

WPV. PS 
WPV.CP 
WPV . OP 
WPI 
Bank 

wrps 
wrs 

-@LN(DR)*S 
+K+WX 

+PVWP*APF*PS*F 
+PV\\M*ACF*CP 
+PV\\M*APF*M*F 
+PV.L+WPV . PS+WPV.CP+WPV . OP-(WX-EX) 
+WPI>O 

+APF*PS*F*(S . YRS-DELAY.W) 
+CS+WTPS 
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Appendix C 
Discussion of Bid Evaluation Strategies 

Overview 

The problem under analysis can be described as that of conducting an auction where 
bidders can name both a price and a quality but in which quality is not freely observable 
until after the auction. This problem is easily solved by standard economic theory. In fact 

. the optimal bid evaluation procedure for such an auction, in a rational and perfectly 
informed system, has undoubtedly been discovered many times. As we will show in this 
appendix, that solution is to evaluate bids according to the auctioner's preferences. This 
straight-forward solution is guaranteed to be optimal under certain conditions. Unfor­
tunately, as we will see, those conditions are not satisfied in the present case. 

In order to show why the standard result is inappropriate we first state and prove that 
standard result, and then take a careful look at the necessary assumptions to discover where 
they are violated by the present real-world case. Appendix D then examines our proposal 
for an alternative form of bid evaluation which proves to be superior, given the imperfec­
tions of the present situation. 

Statement of the Standard Result 

Assume that DOE's Valuation of a project depends on total subsidy, S, and on capacity 
factor, f. Formally we write V (S ,f). It is impossible for DOE simply to let bidders specify 
a pair (S, f) because the bidder may not be able to achieve f , and in this case DOE will not 
wish to pay S. Consequently the best DOE can do is to allow bids of the form T (j); which 
means that the bidder is providing a table or function that specifies the level of subsidy paid 
for each level of capacity factor achieved. Of course the bid could also specify the bidder's 
target for Sand f , but since he cannot be held to this target, except in as much as the func­
tion T (j) tends to encourage this, such a target could not be trusted and would provide no 
additional information on which to judge the bid. 

DOE could constrain the relationship between Sand f in the way prescribed by the 
standard result, or it could allow the bidder to specify any possible relationship. A bid sub­
mitted in accordance with the constraint on T(f) that is imposed by the standard result will 
be referred to as a constrained bid, while if T(f) is freely chosen by the bidder the bid will be 
call unconstrained. What we wish to show is that for any given level of profit, 1to ' the 

bidder will choose a constrained bid that is at least as valuable to DOE as the bid s/he would 
have chosen if unconstrained. 

Now the standard result specifies that bids must take a form such that whatever quality 
level (f) is chosen by the bidder after the auction, DOE will derive the same utility from the 
bidder. In other words DOE would be indifferent between all outcomes of the project: if it 
performed well DOE would incur a high total subsidy cost, while if it performed poorly the 
subsidy would be commensurately reduced. We now see that the standard constraint 
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specifies a family of functions from which the bidder chooses one as his bid. We will 
denote this family (parameterized with b) by S (b ; f). The parameter b will be used to 
measure how good a bid is. Because it is based on DOE's utility function, this family can 
be designed to have the following properties, which hold for all f , f' > O. 

PI. S(O;f) = O,andS(oo;f) = 00. 

P2. S (b ; f ) is monotonically increasing in b for any f. 
P3. V (S (b ; f), f) ~ V (S (b '; f '), f ') if and only if b ~ b '. 

The first two properties say that DOE's total subsidy increases monotonically from 0 to 00 as 
b increases from 0 to 00. The third property says that no matter what capacity factors are 
realized, a bid with a larger b will always be preferred to a bid with a smaller b. This is 
accomplished my making b an indicator of which indifference curve DOE is on, and mak­
ing S (b J ) lie along the indifference curve indicated by b. 

According to these properties the higher is b, the higher is V. Thus when DOE selects 
winning bids, it need only select those with the highest b. Note that although V depends on 
both Sand f, a bid consists simply of a specification of T(f) and does not include a value for 
either S or f. Thus a "constrained bid" is completely defined by a choice of b. 

Since the firm wishes to maximize its chance of winning the auction it will pick the 
highest value of b that allows it to realize 1t; this we call the best constrained bid yielding 
1to ' This gives DOE the most value, V, and the bidder the best chance of winning while 

guaranteeing the firm a profit of 1to ' We will call this bid bo ' but mean that the subsidy 

function S (bo ' f) is specified by the bid. Note that the firm must choose the correct f, 

which we will call f 0 , in order to realize 1to under this bid. 

We now define the function 1t(S ,f) to be the maximum profit that a firm can make if 
receives total subsidy S and builds for a capacity factor of f. We also make the following 
definitions for the constrained bid: 

CI. bo is the greatest b such that 1t(S (bo' f 0)' f 0) = 1to for some f o' 

C2. So = S (bo ; f 0) 

C3. Vo = V(So,fo ) 

Now define an unconstrained bid for 1to ' This is a bid, T (f), that can produce at most 

1to for the correct choice of f, called f*. Now make the following definitions for the 
unconstrained bid: 

VI. T* = T(f*) 

V2. V* = V (T* , f* ) 

V3. f* maximizes 1t(T (f), f) and 1t(T*, f*) = 1to 
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We can now state our optimality result formally. It assures us that in an ideal world, 
DOE cannot do worse by using the standard constraint. In an ideal world, this would imply 
that DOE would, in fact, do better than if the wrong constraint were imposed, and better 

than if no constraint were imposed and the bidders guessed incorrectly what the optimal 

constraint was. 

Optimality Result: Vo ~ V* 

Proof: 

1. From PI and P2, S (b; f*) increases from 0 to 00 as b goes from 0 to 00. Thus 

there exists a b* such that S (b* ; f*) = T*. 

2. From step 1, 1t(S (b* ,f*), f*) = 1t(T*, f*). 

3. From U3, 1t(T*, f*) = 1to. 

4. From steps 2 and 3, 1t(S (b* ,f* ), f*) = 1to. 

5. From step 4 and Cl, bo ~ b* 

6. From property P3, V (S (bo ' f 0)' f 0) ~ V (S (b* , f* ),j* ) 

7. From C2 and C3, V(S(bo,fo),fo ) = V(So,fo) = Vo. 

8. From step 1 and U2, V (S (b* ,f* ), f*) = V (T* , f*) = V*. 

9. From steps 6, 7, and 8, Vo ~ V*. 

This proof can be informally summarized as follows. There is some constrained bid, 

b* , that is just as valuable to DOE as the unconstrained bid, TO, and which can (with f* ) 

produce the reference profit level 1to ' Although b* is not the constrained bid that would be 

submitted, the one that would be submitted, bo , would be at least as valuable to DOE as b* , 

and thus as valuable as TO. Note that we have tacitly assumed that if a firm could submit 

an unconstrained bid, TO, nothing would prevent it from submitting an equally profitable 
constrained bid. Note also that we have tacitly assumed that there is a single definition of 

subsidy such that if S 1 = S 2 then both 1t(S l' f) = 1t(S 2' f) and V (S l' f) = V (S 2' f)· 

Real-World Implications for the Standard Result 

There are two aspects of the Clean Coal Technology Incentive Model (CCTIM) which 
violate the conditions under which the standard result holds. This means that the standard 
constraint on bidding is sub-optimal in practice. 

First Violation of the Standard Assumptions 

The first violation of an assumption arises because the bidder and the bank (the joint 

investors in this project) will in general disagree on what is the optimal investment strategy. 

In particular it may tum out that the bidder wants to invest more than the bank considers 
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optimal because it maximizes expected profit. The bank is not concerned with expected 
profit, but with the probability that profit will be great enough to assure repayment of the 
loan. Increasing the investment beyond a certain level increases the chance of failure, and if 
this level is far enough below the profit maximizing level, the bank may find the project too 
risky to engage in if the bidder pursues a profit maximizing strategy. This is because, from 
the banks point of view, optimal investment may risk too much capital. This occurrence 
presents a serious dilemma because the bidder has no way to assure the bank that he will not 
optimize profit after receiving the loan. Consequently an external constraint that prevents 
the bidder from doing what is most profitable, may have the unexpected effect of making 
the project bankable. The ramifications for the standard result of this effect are detailed 
below. 

Step 1 finds a constrained bid (b*) that would generate the same subsidy as the uncon­
strained bid (T 0 ) if the bidder provided the same f as as is optimal under the uncon­
strained bid. This b* provides the same value to DOE as the unconstrained bid. The proof 
then goes on to show that bo ' the actual constrained bid, provides at least as much value as 

b*. The difficulty is that while bo is just as profitable as b* or TO (all three give Ko )' nei­

ther bo nor b* may be bankable, even though TO is bankable. 

Thus while the proof tacitly assumes that a bid (bo ) is feasible, just because an equally 

profitable bid ( TO) is feasible, when bankability is considered this might not be the case. 
This is because both bids, bo and b* , if accepted, might induce the bidder to do something 

even more profitable than f*, and it is only the pair (bo ' f* ) that is known to be bankable. 

The "more profitable" f 's might be too risky for the bank to accept. Because the bidder has 
no way to assure the bank that it will not pursue such a profitable strategy after it receives 
the loan, the bid becomes unbankable and cannot be made. 

Thus if unconstrained, a firm might come up with a bankable bid that was less valuable 
to DOE than the "best" (ignoring bankability) constrained bid. However, it is still possible 
that the best unconstrained bid is more valuable than any bankable constrained bid. In fact 
we have produced examples of such situations using CCTIM. 

Second Violation of the Standard Assumptions 

The second violation of the standard assumptions arises because the bidder and DOE 
value the total subsidy (S) differently. The bidder considers the present value of S at some 
non-zero discount rate, while DOE's budget constraint is for undiscounted dollars; i.e., DOE 
uses a zero discount rate. 

In the first step of the proof, we find an f* that generates a subsidy S (b* ; f*) which is 
equal to T (j* ), also called T*. Let us assume that this means equal from the bidder's point 
of view. In this case step 2 is valid, but the first equality in step 8 does not necessarily hold 
because DOE may well not .consider S (b* ; f* ) equal to T*. This will almost surely be the 
case if the constrained and unconstrained bids have different mixtures of capital to operating 
subsidy and thus different time profiles. 
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What Model Parameters Would Restore the Standard Assumptions? 

Even though we have seen that in principle the standard assumptions are violated by 

the real-world conditions of the present situation, it could be that the discrepancies involved 
are small. What parameters would have to change in our model in order to restore the stan­

dard assumptions? This question is easiest to answer for the second violation. In this case it 

is clear that the discount rates need to be equal. 

The first violation would vanish if the bank evaluated capital investment in the project 

in accordance with the bidder's evaluation. The bank looks at the profitability of the project 

for the case where a certain "worst-case" capital loss occurs, while the bidder consider the 

average profitability over all capital losses. Since the expected capital loss is s, the two will 
see the same profitability if the bank considers the worst-case loss also to be s. Since 
"worst-case" loss is given by -s ·In (DR), this will only be true if In (DR) = -1, or 
DR = lie = 37%. Recall that DR is the "maximum loan default rate"; in other words, it 

is the maximum probability of default that the bank is willing to tolerate. Because 37% is 
far beyond the default rate that banks find tolerable, we must suspect that this violation of 

the standard assumptions is indeed significant. 

41 



42 



Appendix D 
A Preferred Bid Evaluation Scheme 

Overview 

In Appendix C we showed that the standard solution to the bid evaluation problem, 
which assumes an idealized world, is likely to be quite sub-optimal in the present situation. 
This appendix suggests a bid evaluation scheme that would provide DOE with projects of 
significantly greater value. To demonstrate this we consider the three examples used in fig­
ures 3, 4 and 5 of the text. The figures in this section are numbered D3, D4, and D5 to indi­
cate the correspondence with the earlier figures. (There are no figures D 1 or D2.) 

The standard bid evaluation procedure, represented by the "Pure Bid" (labeled Bid 2), 
restrict bids to zero capital subsidy and requires them to choose an operating subsidy that 
will take effect above a capacity factor of f .null , which is currently approximated as 20%. 
F.null, it should be recalled, is the capacity factor of the "worthless" project. The preferred 
bid evaluation scheme, represented by the "Mixed Bid" (labeled Bid 1) will allocate a capa­
city subsidy (CS.Bidl) of $50 million to every project, and require bidders to choose an 
operating subsidy which takes effect above fmin, the cutoff for private sector capital pay­
ments. Note that in Figures 3-5 the price subsidy is paid over the entire operating range. 

On the last three pages of this section can be found graphs that show the cost and value 

to DOE of all relevant bids of both types. By cost we simply mean the un-discounted total 
subsidy. 

"Value", as shown in figures D-l through D-3 measures how valuable a project is rela­
tive to a project for which DOE has paid the absolute maximum that it would ever pay for a 
project. The absolute maximum that DOE would pay for a "worthless" project is zero, and 
the absolute maximum that DOE would pay for an exceptional project is called V.xcep and 
is taken to be $300M. 

Given these endpoints, we linearly project the total subsidy it would have required to 
push the project to the exceptional level. Value is then defined as the difference between 
V.xcep and the projected total subsidy, TS, if the project were pushed to the exceptional 
level. The exact formula is given below: 

f.null = 20% 

V.xcep = $ 300M 

f .xcep = 85% 

Value = V.xcep - f .xcep - f .null . TS 
f - f·null 

In summary, the "value" of a project is the value of an exceptional project minus the 
total subsidy it would have required to push it to the exceptional capacity factor. Here is a 
sample calculation for the highest value point on the Mixed Bid in figure D-3. 
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$150M = $ 300M - 85% - 20% . $ 120M 
72%-20% 

The value of total subsidy, TS, can read off of figure D-3, above the $49 price subisdy 
corresponding to the highest value point. The capacity factor must be read off of figure 3 at 

the same price subsidy level. 

As seen in the formula, the value of V.xcep is not crucial since changing it by x merely 
changes all values by x. We have just chosen it high enough to be plausible and to give 
positive values for graphing convenience. 

"Value", as we define it, has a simple interpretation. It is just a version of the price­
performance ratio with sensible units and the right sign. The price-performance ratio for the 
"demonstration effect" is simply: 

I - I·null 
price-performance ratio = TS 

This quantity has rather incomprehensible units so to standardize it we multiply by 
(f.xcep - I.null). This converts the units to dollars, and these dollars project the cost of the 
project if its performance were adjusted to the exceptional level. Since we are looking for a 
measure of value and the price-performance ratio decreases with increasing value, we sub­
tract it from the value of the exceptional project. We now have a dollar value that increases 
with value, but which always ranks projects in the same order as the price-performance 
ratio. 

In order to interpret the graphs it is necessary to decide which of the many possible 
bids would actually be submitted. Because both schemes prefer bids with lower operating 
subsidies, we assume that under both the lowest bankable bid would be submitted. Bids 
with too Iowan operating subsidy are not bankable and this fact is shown by a zero "value" 
on the graph. The total subsidy lines on the graph are show to the left of the bankability 
cuttoff even though these points cannot be realized. Note that any bid that is bankable has 
quite a healthy expected profit. 

The first thing to note from the three graphs is that in each case the value if the Mixed 
(preferred) Bid is greater than that of the Pure (standard) Bid. In fact this difference in 
value is quite large, varying between about $34M in figure D3. and about $77M in figure 
D5. Remember that value dollars are adjusted to the standard "exceptional project" which 
operates at 85% efficiency, so they cannot be compared directly with subsidy costs. 
Nonetheless, they do provide a fair means of comparison, and for projects with reasonably 
high capacity factors (as in the present case) they provide a rough sense of magnitude. 

It is also informative to read off the Total Subsidy for the lowest bankable (submitted) 
bid. From this we see that the Pure (standard) Bid is always more expensive. The extra cost 
varies from about $34M in figure D3 to about $80M in figure D5. This extra cost is partly 
compensated for by an increased capacity factor, which is why "value" should remain the 
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main mode of comparison. Nonetheless, DOE may have some constraints on how much 
they spend per project whether or not they are getting a good deal. 

We are not claiming that the Mixed Bid scheme analyzed here is optimal, only that it is 
better than the pure scheme and that it is quite good. Some experimentation conducted with 

the model indicates that for these examples it is impossible to do very much better. How­

ever, if DOE were to proceed with these recommendations some further optimization of bid­
ding parameters would be desirable. 
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Figure D-3 - Based on Figure 3 
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~ Total Subsidy: Mixed Bid 

-+- Total Suhsidy: Pure Bid 

S.yrs 5 years 
f.null 20% 
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fmin 40% 
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shape 12.0 

s $10 M 
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Figure D-4 - Based on Figure 4 

Cost and Value 
of Pure- and Mixed-Subsidy Auctions 

250 

200 

~ 150 ~------------------------------~~----~~~------~ r::= 

~ 
~ 
E>'7 100 

50 

$0 $8 $16 $24 $32 $40 $48 $56 $64 $72 $80 
Price Subsidy 

__ Value: Mixed Bid 

-1T- Value: Pure Bid 

Subsidy Duration 
f of Zero-Value Project 

capital Payment 
Min f ( ) to receive CS & CP 

Operating Margin 
Loan Interest Rate 

Term of Loan 
Max Loan Default Rate 

X-intercept of f() 
Shape of f() 

Mean and SD of capital Loss 
Delay Factor 

Construction time 
Capacity 

Capital Subisidy of Bid 1 
capital Subisidy of Bid 2 

f Threshhold for PS, Bid 1 
f Threshhold for PS, Bid 2 

47 

-+- Total Subsidy: Mixed Bid 

--+- Total Subsidy: Pure Bid 

S.yrs 5 years DOE 
f.null 20% DOE 

CP $250 k/MWyr Market 
fmin 40% Market 

M $3 /MWhr Market 
LR 12.0% Market 

L.yrs 10 years Market 
DR 2% Market 

b $160 M Tech. 
shape 12.0 Tech. 

s $10 M Tech. 
DF 1.0 Tech. 

C.yrs 2.0 years Tech. 
Cap 100 MW Tech. 

cS.Bid1 $50 M DOE 
cS.Bid2 $0 M DOE 
f.Bid1 40% DOE 
f.Bid2 20% DOE 



Figure D-5 - Based on Figure 5 

Cost and Value 
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Mean and SD of Capital Loss s $10 M Tech. 
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f Threshhold for PS, Bid 2 f.Bid2 20% DOE 
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