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TECHNICAL DESCRIPTION 

Introduction 

Investment/disinvestment theory describes the economic decisions associated with 

production processes using as inputs the services of durables as well as nondurables. 

Specificially, it considers simultaneously questions of 1) when to acquire (invest in) or 2) 

salvage (disinvest in) durable assets, 3) what size of a durable to acquire, 4) how 

intensively to extract services from a durable, and 5) how much to maintain a durable. 

Decision theory, meanwhile, attempts to describe the process whereby decision makers 

choose among alternative courses of action (or "strategies") whose outcomes are uncertain 

because they depend on conditions in the environment (or "states of nature") which are 

themselves uncertain. These two bodies of theory have been integrated and extended in 

this research project, and it is the objective of this documentation to present a model and 

computer software package which implements this integrated theory for practical 

application in decisions of investment and disinvestment in the energy supply industry. 

The terms of our EPRI contract refer to analysis of the impacts of asset fixity and 

uncertainty on energy supply in general. However, in order to have a well-defined 

problem, we found it necessary to focus on firm-level decisions involving increases and 

decreases in electric power generating- capacity. Nevertheless, the theory developed is 

general to any production process involving durable factors, and it would be straight

forward to generalize the model presented here to address other classes of energy supply 

decisions, such as oil or gas drilling, coal mining, pipeline distribution, electric power 

transmission, etc. Indeed, the software package developed for this model is suitable for 

any such application, reserving the model specifications particular to that application to 

user-supplied subroutines. For illustrative purposes, however, the remainder of this 

discussion and the general test case presented as an example ref er to decisions with 

respect to electric power generating capacity. 

The next section casts the decision problem in an optimal control framework and 

suggests the feasibility of numerically obtaining a global solution in the deterministic 

case. Because of the uncertainty, however, this problem is decidedly not deterministic. 

Therefore, succeeding sections 1) describe the generalized risk-efficient, Monte Carlo 

programming (GREMP) approach for handling the stochastic case, and 2) discuss the 

assumptions and results of a general test case designed to illustrate the application of the 

GREMP approach to this problem. The concluding section of the technical description 

summarizes recommendations for further developments and refinements of the model. 
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The Optimal Control Framework 

The general investment/ disinvestment problem is a dynamic one involving optimal 

decisions with respect to when durable factors of production are to be acquired and in 

what sizes, when they are to be disposed of, at what rate services are to be extracted 

from them during their lifetime, and when and how much they are to be maintained to 

extend that lifetimee. An electric utility is a single firm which typically operates several 

generating plants, each contributing to meeting the firm's load demand. These plants, or 

individual generators within them, are the durables for which the utility must make the 

above decisions (as well as other durables, of course, such as transmission lines, etc.). 

Since the utility generally dispatches plants according to their relative efficiency and is 

required to meet its load and maintain a reserve capacity, these investment/disinvest

ment/utilization/maintenance decisions cannot be made for any one plant independently 

of the others. Therefore, the general problem is stated in an optimal control framework 

in order to maintain the dynamic and simultaneous character of the decisions to be made 

in the context of the integrated system. 

Two caveats, as obvious as they are, must nevertheless be noted with respect to the 

optimal control problem stated below. First, there is no implication that a one-time 

solution to the problem will dictate the pattern and schedule of investment/disinvest

ment/utilization/maintenance activities over the next T years of the planning horizon. In 

practice, and . even in theory, such an implication would be patently ridiculous. Rather, if 

the model were to be used in practice, it would typically be solved repeatedly at 

intervals -- most likely frequent intervals -- dictated by the acquisition of new informa

tion on exogenous variables (e.g., prices, regulations, and load forecasts) and control 

options (e.g., generation technologies). 

Secondly, in any case, this model is primarily an economic model, and practical 

decisions typically require a great deal of additional, noneconomic information -

technical, political, social, legal, ecological, etc. Therefore, the model presented here 

can never claim or be expected to "dictate" decisions; it can at best be only one, hopefully 

credible source of information for decision making. 

The general optimal control problem is stated as follows: 

given a system represented by the state equations 

x(t) = a[x(t), u(t), z(t)] 

where x = vector of state variables 

u = vector of control variables 

z = vector of noncontrollable exogenous variables 
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and where x(t) is required to meet certain constraints at every point in time, i.e., 

x(t) e: X for all t e: [O ,T], where X is the set of admissible states and T is the 

planning horizon; 

find a control history u(t), also subject to constraints u(t) e: U for all t e: [O,T], 

where U is the set of admissible controls, in order to 

maximize the objective function J = h[x(T)] + f ~g[x(t), u(t), z(t)] dt 

where h is the contribution to the objective of the state of the system at the end of 

the planning period and g is the accumulation of contributions over time. 

Variable Definitions 

a) Dimensions, n and k 

For an electric utility operating a number of generating plants, assume k is the 

number of plants in existence at time zero in the analysis, and n is the maximum number 

of plants to be considered in the analysis. Therefore, n-k is the maximum number of 

additional plants to be considered as options for replacing or augmenting existing capacity 

over the planning horizon T. Each of the n plants, existing as well as potential, is given a 

set of characteristics at the beginning of the analysis, e.g., size, operating efficiency and 

fuel type (coal, oil, nuclear, etc.). Therefore, in order to consider a number of options, 

n-k will typically be larger than the total number of plants that (or represent greater 

capacity thal).) is likely to be needed T years in the future. Note that each of the n 

"plants" may be interpreted, depending on the needs of the analyst, as a plant, as a 

generator, or as an aggregation of plants of similar vintage and characteristics. 

b) State variables: x.(t), i = 1, 2, ... , 3n 
1 

There are 3n state variables. That is, for each plant j, j=l, 2, ... , n: 

GCAP/t) =plant capacity (megawatts) 

V ALDUR.(t) =unit market value of the durable ($/megawatt) 
J 

VALSER.(t) =value of services to date($). 
J 

c) Control variables: u.(t), i = 1, 2, ... , 6n-2k+l 
1 

There are 6n-2k+l control variables, some applicable to all n plants and others 

applicable only to the n-k plants not in existence at time zero. 

For each plant j, j = 1, 2, ... , n: 

UTILT. (t) = 
J 

UTILCj (t) = 

VMAINT/t) 

time utilization rate (proportion of total hours per year) 

capacity utilization rate (proportion of megawatt capacity) 

= variable maintenance rate to replace lost or used capacity 

(megawatts/year) 

= time to salvage or disinvestment (year). STIME. 
J 
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For each plant j not existing initially, j = k+l, k+2, ... , n: 

CAPO. = initial plant capacity (megawatts) 
J 

ACQTj = time of acquisition or investment (year). 

Finally, there is one control variable which is not plant specific: 

PINRG (t) = energy purchased or (if negative) sold (megawatt-hours/year). 

d) Exogenous variables: zi(t), i = 1, 2, ... , 8n+2 

There are 8n+2 exogenous variables which affect the performance of the system but 

which are assumed to be either beyond the control of the firm, or at least assumed given 

for purposes of this analysis. These are known functions of time. Included are prices, 

costs, discount and depreciation rates and load forecasts. 

Specifically, for each plant j, j = 1, 2, ... , n: 

FOMC.(t) = 
J 

SCHEDj = 

VMNTC .(t) = 
J 

VICST .(t) = 
J 

ACCST/t) = 

DCOST/t) = 
D .(t-ACQT .) 

J J 

fixed operating and maintenance costs ($/megawatt-year) 

scheduled down time for regular maintenance (proportion of 

hours/year) 

variable maintenance cost ($/megawatt) 

cost of variable input (fuel) ($ per unit of fuel, e.g., barrel, ton, etc.) 

plant acquisition cost ($/megawatt); this is also a function of the size 

of the plant, CAPOj 

relicensing cost ($/megawatt); depends on time from acquisition 

= depreciation schedule (called "time cost" in Chapter III) 

(proportion per year); depends on time from acquisition. 

In addition there are two variables common to the firm as a whole: 

XLOAD(t) = 

R(t) = 

consumer demand (megawatt-hours per year) 

opportunity cost of capital (proportion/year). 

Note the simplifying assumption that load is neither price responsive nor controllable by 

the firm. This assumption could be relaxed, if desired , to include load management 

policies in the analysis and to capture the secondary impacts of the firm's investment and 

operating decisions on its load through the primary impacts on price. 

Model Equations 

This section describes the state equations representing the dynamics of the system's 

behavior, the calculation of associated performance variables, the constraints imposed on 

state and control variables, and the objective function to be optimized. First , for each 

plant j, j = 1, 2, ... , n, the power output capacity, GCAP, changes over time according to 

the following differential equation: 
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(1) 4- GCAP .(t) = { VM AINTr USCST/t) for ACQTj-2, t -2, STIME J 
J 0 else 

with boundary conditions 

GCAP - J J 
{

CAPO. for t = ACQT. 

/t) - 0 for t < ACQTj and t > STIMEj 

where for plants existing at time zero (j = 1, 2, ••• , k) we can assume ACQT. = O, and where 
J 

US CST is the rate at which power output capacity is lost, in megawatts/year, due to 

intensity of utilization. 

In general, this capacity user cost c·an be defined as a function of plant capacity, of 

time utilitization, and of capacity utilization: 

(2) USCST :(t) = c . [GCAP.(t), UTILT.(t), UTILC.(t)]. 
J J J J J 

Such loss in capacity is an important concept in this model, for it influences forced 

outages and the associated variable maintenance necessary to replace it. 

Variable maintenance VMAINT, remember, is a control variable determined in the 

optimum solution. The analyst may want to specify VMAINT in a control law, such as 

(3a) VMAINT/t) = mlj [CAPOfGC~Pj(t)] 

or 

(3b) VMAINT/t) = m2j(USCSTj) 

or perhaps some combination of these. Iri such a case, optimization would be over the 

parameters of the control law or over alternative control laws. 

The unit market value of the durable (the generating plant) changes over time due to 

such market conditions as the introduction of improved technologies, changes in the 

relative prices of fuels, labor and other inputs, and changes in market institutions -- i.e., 

the pure time cost. This is captured in the model by an exogenously specified 

depreciation schedule, as follows: 

(4) -VALDUR.(t) = J J J J- - J 
d rD.(t-ACQT.) VALDUR.(t) for ACQT. < t< STIME. 

dt J O else 

with boundary conditions 

{

ACCST.(t) 
V ALDUR/t) = 0 J 

fort= ACQT. 
J 

fort < ACQTj and t >STIMEj 

where Dj depends, in general, on the time from acquisition of plant j. 

Salvage value, in dollars, then is the market value of the plant less a "decom mis

sioning" cost representing disposal costs in general: 

• 
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(5) SALVAL.(t) = VALDUR.(t) GCAP.(t) - DCOST.(t) CAPO .. 
J . J J J J 

Notice that the disposal costs are based on the initial size of the plant rather than its 

current effective capacity. Thus, salvage value is reduced by time cost through VALDUR 

(equation 4), and increased by maintenance and reduced by user cost through GCAP 

(equation 1). 

The value of services, VALSER, generated by each plant is an important state 

variable, because it determines the economic life of the plant and whether the plant 

should be acquired in the first place, a~ discussed in Chapter III. Since V ALSER is derived 

from the objective function J of the optimal control problem, we turn our attention now 

to the latter before looking at the former. 

For investment/disinvestment decisions, the appropriate objective is to maximize 

the discounted present value of economic gains (in $) accumulated over a suitable planning 

horizon [0, T]. Therefore, for the objective function J given above, we define h = 0 and g 

as the discounted gain function (in $/year). A gain function is used rather than a profit 

function in order to account for the additional time, control and user costs associated 

with durable factors of production. 

Therefore, for discount rate p 

(6) g(x,u,z) , e -P tg(t) , e -Pt ~CPR(t) - PPR(t)] P!NRG(t) 

n 
+ E [HPY·CPR(t) U.(t) GCAP.(t) - VICST.(t) VIUSE.(t) 

j=l J J J J 

+ [VALDURj(t) - VMNTC/t)] VM~INT/t) - R(t) SALVAL/t) 

- D/t) VALDUR/t) GCAP/t) - VALDUR/t) USCST/t) 

- FOMCj(t) CAPOj - RCOSTj(t) -TAXj(t)~ 
where HPY = 8760 hours/year, VIUSE = variable input (e.g., fuel) used by the plant (units 

of fuel/year), CPR and PPR are the consumer price of energy and the price to the firm of 

purchased energy, respectively (both in $/megawatt-hour), and where the total plant 

utilization, U ., is 
J 

(7) U/t) = UTILC/t) UTILT/t). 

Note that the control cost, i.e., the capital cost of the plant, R(t) SALVAL/t), is included 

in the objective function. 
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The value of services for each plant, then, is defined as that part of the gain which 

is attributable to the services extracted from that plant. It is determined by the 

following differential equation, discounting to the plant's acquisition time: 

(8) :t VALSER/t)= e-p (t-ACQTj) 

0 

with the boundary condition 

VALSER.(t) = 0 fort< ACQT .. 
J J 

duj for ACQTj . ~t ~STIMEj 

else 

This must be done holding the use of other fixed and variable inputs in a fixed relationship . 

to the durable's use. In the case of one durable j, such as an electric power plant, and one 

variable input, such as fuel, such a relationship could be, for example, 

(9) HEATR. 
VIUSE/t) = HPY FUELC . Uj (t) GCAP/t) 

J 

where HEATR = 

FUELC = 

Defining the net price 

the heat rate of the plant (BTU/megawatt-hour) 

the heat content of the plant's fuel (BTU/unit of fuel). 

NP(t) = CPR(t) - VICST.(t) HEATR . 
J FUELCj 

and ref erring to equations 2 and 3, we can derive 

which, given explicit functions for user cost and maintenance (c. and m ., respectively), 
J J 

enables us to find VALSER. by equation 8. If a control law is not specified for 
J 

maintenance, then a m/ auj = 0. 

As discussed below, further theoretical development is necessary to handle the case 

of multiple , mutually dependent durables. Therefore, the empirical model implemented 
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does not attempt to isolate the portion of gain attributable to each durable itself from 

that of other durable and variable inputs. Thus, for the time being, the total gain 

generated by the operation of a durable (i.e., for each plant j under the summation sign of 

equation 6) is used in place of the integral in equation 8 in computing V ALSERj" 

Knowing the value of services for each plant enables us to use a control law for 

salvage (or replacement) time. Assuming upon salvage a plant is replaced with one 

identical to it, STIME is determined by comparing the current (not discounted) rate of 

change of VALSER with the annuity value (annualized average) of VALSER. The annuity 

value of the existing plant is used as a surrogate for that of the identical replacement, 

implicitly assuming the replacement experiences the same history as the original plant. 

Thus, 

_ • p(t - ACQT .) d ( ) p ( ) 
(11) STIMEJ. - t. e J dT VALSERj t ~ -p (t-ACQT .) V ALSERj t . 

1-e 

Other optimal life criteria could be derived based on other assumptions made regarding 

the nature of the replacement, e.g., salvage without replacement, technological change, 

etc. In any case, as in the identification of value of services, the theory upon which 

equation 11 and any such alternative derivations are based does not yet satisfactorily 

capture the situation of multiple, mutually dependent durables. 

The consumer price, CPR, of ttie firm's product (e.g., electric power) may be 

specified as _a function of other variables in the model, or it may be projected 

independently and input to the model. In the latter case, CPR would be included in the 

list of exogenous variables, z., given above. 
l 

In the case of a regulated electric utility, the price to the customer includes a pass-

through of costs (fuel, maintenance, purchased power, depreciation, etc.) plus an allowed 

rate of return on the capital investment. Ref erring to the objective function (equation 6), 

since costs are offset on the revenue side by CPR, and insofar as the allowed rate of 

return included in CPR compensates for the control costs (ignoring time lags in regulatory 

adjustments), we can see that the objective function will tend to be approximately zero 

for whatever control strategies are implemented. That is, the regulated price will 

automatically adjust to maintain a zero economic gain. 

In such a situation the objective function specified in equation 6 is unable to 

distinguish among control strategies. Therefore, the empirical model implemented here 

uses, for electric utilities regulated in this way, an objective function which omits the 

revenue side and accounts only for the costs -- essentially a cost minimization problem. 

That is, the implied objective is to minimize the discounted costs to the consumer. 
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Another implication of this type of price regulation is that the value of services 

generated over the lives of the firm's plants will average out to zero. Plants of above 

average efficiency will have positive value , and those of below average efficiency will 

have a negative value of services. 

An important constraint on the system (for an electric utility) requires that the load 

must be met at every point in time, i.e., 

n 
(12) PINRG(t) + E HPY·U .(t) GCAP .(t) = XLOAD(t). 

j=l J J 

Other constraints on state and control variables are 

(13) 0 < GCAP .(t) < CAPO. 
- J - J for j = 1, 2, ... , n 

(14) CAPO.E F. 
J J 

for j = k+l, k+2, ... , n 

(15) 0 < ACQT. 
- J for j = k+l, k+2, ... , n 

(16) ACQT. < STIME. 
J- J for j = 1, 2, ..• , n 

(17) UTILC.(t) E {O, [UCMIN ., l]} 
J J 

for j = 1, 2, ... , n 

(18) 0 ~ UTILT/t)~l-SCHEDf FORC/t) for j = 1, 2, .•• , n. 

Note that equation 14 says the initial plant capacity may be constrained to selected sizes 

or a certain range of sizes F; and equation 17 says, if a plant is going to be operated at all 

at time t , it must be utilized at least UCMIN percent of capacity. Equation 18 is 

necessary to allow for scheduled and forced down time. 

Approaches to Finding the Optimal Solution 

The size and degree of nonlinearity of this problem make an analytic solution 

virtually impossible. However, there are a number of techniques available, some in 

"canned" software packages, for finding numerical solutions (e.g., see Kirk, 1970, and 

Luenberger, 197 3). The gradient projection method and adaptations of it appear 

particularly suitable for our constrained problem; indeed, this method requires the control 

variables to be in a bounded region. 

We have not gone this route, because of the part of the problem we haven't 

discussed yet -- the uncertainty part. Uncertainty is introduced by specifying probability 

density functions for a subset, if not all, of the above exogenous variables, as we have 

done for the illustrative test case described below. While a numerical solution appears to 

be feasible (although probably costly) for the deterministic case, a different approach 

must be found for the stochastic case. This is not to say that finding a numerical, 

• 
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deterministic solution to the problem described above wouldn't be instructive and 

useful -- indeed, it certainly would be -- but we have not done so in this project. For the 

stochastic case, King, 1979, suggests an approach which is used here as described in the 

next section. 

GREMP for the Stochastic Case 

We have elected to solve for the stochastic case with the GREMP package as 

presented in King, 1979. GREMP is an acronym for "generalized risk efficient Monte 

Carlo programming". The technique is particularly well suited for problems in which it is 

difficult or impossible to determine a solution analytically. It does not necessarily 

identify the optimal strategy but rather a nearly optimal strategy. This is accomplished 

by examining a large number of alternatives under a variety of states of nature and 

selecting those strategies which perform 11best 11 according to a given criterion. 

Three major processes are included in the model -- strategy generation, simulation 

and distribution of outputs, and evaluation. These are illustrated by the flow chart in 

Figure 1. Strategy generation may be accomplished through 1) a process of random 

selection, 2) specification of a set of strategy choices deemed apt by the decision maker, 

3) an experimental design, or some combination of these. Each strategy is simulated 

repeatedly for a number of states of nature, and a distribution of outputs likely for that 

strategy is generated. The distributions of outputs for the various strategies are then 

evaluated by applying the criterion of stochastic dominance with respect to a function. 

Those strategies which are not dominat~d by any other comprise the efficient set of 

strategies. 

Designation of Strategies 

King, in his application of the GREMP model, constructed strategies at random. We 

have chosen instead to furnish a pre-selected set of strategies to the model. Random 

selection would have involved choices of plant size, plant type, acquisition time, 

utilization rate and other variables for a number of plants. The combination of all these 

factors would have yielded a vast magnitude of strategies, many of which would obviously 

be inappropriate. Computational constraints would limit random evaluation to a very 

small fraction of the total, resulting in possible omission of favorable strategies. 

For the electricity generating capacity decision problem, an experimental design has 

been constructed, for the illustrative test case described below, for plant capacities and 

acquisition times, while decision rules have been implemented for utilization rates and 
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Figure I. A flow chart of the GREMP Model 

Source: Figure taken from King, 1979. 
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maintenance and replacement policies. The ~ priori selection of the experimental design 

enables the analyst to tap the expertise of the decision maker and leads to a more 

efficient use of computing resources. Similarly, standard decision rules are useful for 

such variables as the utilization rate of a plant. It is dependent on the load and the 

relative efficiencies, capacities and utilization rates of itself and other plants and, thus, 

is better specified in the form of a decisin rule (i.e., a dispatch rule) also drawn from 

knowledgeable expertise, as opposed to a pre-specified rate. 

Simulation and Distribution of Outputs 

We have constructed a computer model of the investment/disinvestment problem 

presented in the previous section. It simulates each strategy under the same set of 

random states of nature. 

The exogenous variables represented within the states of nature include consumer 

demand and prices of variable inputs. Probability density functions are furnished for each 

of these variables and a random number generator is used to construct the states of 

nature. The seed of the random number generator is reset for each strategy to ensure 

that all strategies are simulated under the same set of conditions. 

Given a strategy, the model generates the gain (actually, cost) function for that 

strategy for each state of nature. These results are then ordered from smallest to largest 

gain in order to obtain the cumulative distribution of gains for that strategy. 

Stochastic Dominance with Respect to a Function 

The GREMP model evaluates alternative strategies under the criterion of stochastic 

dominance with respect to a function (King, 1979). Each strategy is evaluated after its 

cumulative distribution of gains has been generated. It is compared with other 

alternatives and if dominated by any, it is removed from further consideration. If not 

dominated by any other strategy, it is retained for further consideration. Any previously 

retained strategy which is dominated by a new strategy is dropped at this time. Those 

strategies remaining after all have been evaluated are ref erred to as the efficient set of 

strategies. Within the criterion specified, it is not possible to proclaim any one to be 

superior to the others. 

Stochastic dominance with respect to a function does not necessarily yield a unique 

strategy. Rather, it provides the decision maker with a set of strategies favorable to 

maximizing the gain function under uncertain conditions. The efficient set may not 

include a global optimum but a large sample of wisely selected alternative strategies 
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assures that nearly optimal strategies will be identified and gives a high probability that 

the global optimum is included. 

A General Test Case 

In order to fully test and illustrate the decision features of the model, as an 

operationalization of . the investment/ disinvestment/ utilization/maintenance decision 

theory, we have developed a general test case of an electric utility with a number of 

existing generating plants, a number of options for future plants, and a load forecast. 

There is much that could be done to make this general test case more realistic; therefore, 

the assumptions and results presented in this report must be considered tentative and for 

illustrative purposes only. 

Assumptions 

The assumptions defining the general test case (itemized below) include explicit 

functions and parameter values for the model presented above and in some cases 

variances from that model. 

1. Planning horizon and discount rate 

T = 40 years, p = 11. 75% 

2. Plants to be considered 

Four plants are assumed to exist at time zero. The number of plants to be analyzed 

for expansion of capacity will vary with the strategy, but four different sizes and types of 

such additional plants are assumed to be available. Table 1 summarizes the character

istics of the initial and additional plants. 

3. User cost, forced outage and variable maintenance 

The explicit functions for user cost (cj in equation 2), variable maintenance (mj in 

equation 3), and forced outage for a plant j are assumed to derive from the degree to 

which the plant's capacity utilization exceeds a threshold level and the duration of that 

excess. 

If UTH. is a measure of the amount and duration of capacity utilization exceeding a 
J 

threshold, then user cost, in megawatts/year, is defined as 

(19) USCST.(t) = UCMAX . •UTH.(t)UCEXPj ·GCAP.(t) 
J J J J 

where UTHj is defined in such a way that, for threshold capacity CAPTHj, 0 .:S.. UTHj~ (1-

CAPTHj)/CAPTHj ..$.1. This function behaves as shown in Figure 2, where we have assumed 

the parameter values shown in Table 2. 



Characteristics 

Fuel Type 

Capacity (megawatts) 

Heat rate (BTU/kwh) 

Cost ($/kw)* 

Estimated life (years) 

Scheduled down time 
(proportion of time) 

Construction lead time (years) 

Fixed operating and maintenance 
cost ($/kw-yr)* 

*In dollars of time zero. 

Table 1 

Characteristics of the General Test Case 
Electric Power Generating Plants 

Initial Plants 

2 3 4 

Oil Coal Oil Coal 

200 200 400 600 

8,600 10,500 8,400 10,000 

700 1,200 500 950 

30 34 30 34 

• IO .13 .10 .14 

7 7 7 8 

15.0 16.0 15.0 12.6 

Additional Plants 

A B c D 

Coal Coal Coal Coal 

200 400 600 800 

10,000 9,800 9,600 9,500 
.-
~ 

1,150 1,050 950 850 

34 34 34 34 

.13 .13 .14 . 15 

7 7 8 9 

16.0 14.7 12.6 10.4 
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1-CAPTH. 
J 

UTH. 
J 

CAPTHj 

Figure 2 

The User Cost Function 



UC MAX (proportion/year) 

UC EXP (no units) 

CAPTH (proportion of capacity) 

FOR (proportion of time) 

VMNT (proportion of mw/year) 

Table 2 

Parameters of the User Cost, Forced Outage and 
Variable Maintenance Functions 

Initial Plants 

l 2 3 4 

l l l l 

2 2 2 2 

.80 .80 .80 .80 

. 05 .10 .05 . 11 

.99 .99 .99 .99 

Additional Plants 

A B c D 

l l l 

2 2 2 2 °' 
.80 .80 .80 .80 

.10 .10 . 11 . 12 

.99 .99 .99 .99 
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Forced outage and var iable maintenance are assumed related to one another in that 

it is during periods of forced outage that variable maintenance is required and takes 

place. Both are related to user cost in the previous time period. Thus, 

(20) 

(21) 

where 

FORC.(t) =FOR . + UTH .(t-DT)UCEXPj 
J J J 

VMAINT .( t) = VMNT . ·US CST.( t-DT) 
J J J 

FOR = forced outage due to factors other than utilization rate 

(proportion of hours per year) 

VMNT = maintenance policy (proportion of user cost). 

The maintenance policy is, in principle, considered a strategy to be searched over, but for 

purposes of this test it is constant. The values assumed for VMNT and other parameters of 

these functions are shown in Table 2. 

4. Plant dispatching 

Within each simulation per iod (DT = .25 year), a load duration curve is assumed and 

plants are dispatched in order of decreasing efficiency (as determined by cost of fuel 

needed to generate one kilowatt hour of electricity), assuming utilization does not exceed 

the user-specified parameter UCOPT. Any remaining load will be satisfied by further 

utilizing plants in increasing order of efficiency until the load is met or all plants are fully 

utilized. Then, any remaining load is met with purchased power. By setting UCOPT equal 

to or less than the capacity threshold, CAPTH, user cost on the more efficient plants is 

avoided. That is, the risk of forced outage on these base plants is minimized. If UCOPT 

is set to 1.0, the more efficient plants will be used to capacity before less efficient ones 

are dispatched. 

5. Exogenous variables 

Some of the exogenous variables are assumed to be random variables reflecting the 

uncertainty in the problem, while others are deterministic. The deterministic random 

variables include the cost of capital, R, which is assumed to be a constant 11. 75 %/year for 

all plants , and the time cost or depreciation rate, D, which is assumed to be a constant 

2.5%/year for all plants after the first year of acquisition and 75 % during the first year. 

In addition, acquisition cost, ACCST, and fixed operating and maintenance cost , FO MC, 

are assumed to grow exponentially at 6.5 and 5.0%/year , respectively. Variable 

maintenance cost and disposal cost are each assumed to be 10% of acquisition cost, 

ACCST. Purchased power is assumed to cost ll0% of the endogenous consumer price, 

CPR. 
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The random variables also are assumed to grow exponentially, with the growth rates 

(except in one instance) being drawn each year from given frequency distributions. The 

one exception is the relicensing cost, where it is the deviation from a baseline projection 

rather than the growth rate which is random. Data assumed for these distributions are 

given in Table 3. 

6. Salvage time and replacement 

The salvage time criterion used for coal plants (equation 11) is one which assumes a 

plant is replaced with one identical to it. It is further assumed that, when it is decided to 

salvage a plant, it is maintained in operation during the construction period of its 

replacement before actually being taken off line. Oil plants are assumed not to be 

replaced after retirement, except by preplanned plants as identified by the strategy (see 

below). 

For this version of the model, a plant's value of services, V ALSER, which is key to 

the salvage time criterion, is not computed according to equation 8. Instead, as discussed 

above, the total gain from the operation of each plant (as given under the summation sign 

in the objective function shown in equation 6) is allocated to the services of the durable. 

Further theoretical development is necessary in order to isolate the portion of the gain 

attributable to the plant's services from that attributable to other inputs. 

A moving average of the rate -of change of value of services is computed and 

compared ta the annualized average of the value of services (or, in the case of no 

replacement, the control cost) to indicate the salvage time. If the moving average falls 

below the annualized average (or control cost), the plant is salvaged. In addition, no 

durable being used at more than five percent of its capacity is retired unless it is to be 

replaced. 

7. Control strategies and optimal search 

For this test case, and since control laws are assumed for utilization rates, 

maintenance rates and salvage times, the control strategies subject to the optimizing 

search are the sizes and acquisition times of the alternative future plants under 

consideration. In addition, alternative control laws for utilization (i.e., dispatch rules) are 

tested. In total, ten strategies are tested, combining five sets of plant aquisition 

schedules and two dispatch rules. 

Either four or five additional plants are included in each strategy, in order to add a 

total of 2 400 megawatts of capacity to the system over the 40-year planning horizon. 

Table 4 summarizes the combinations of plants tested. 

One dispatch rule tested assumes that plants will be operated at full capacity in 

decreasing order of efficiency (UCOPT = 1.0). The second rule (UCOPT = CAPTH) 
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Table 3 

Frequency Distributions for Random Exogenous Variables 

Variable Base Growth Rate (proportion/year) 
x/P(x) 

1. Oil price ($/barrel), PROIL 25 .03 .09 . 12 . 15 .18 
10% 20% l.J.0% 10% 20% 

2. Coal price ($/ton), PRCOAL 30 .08 .10 .12 
30% l.J.0% 30% 

3. Load (mwh/yr), XLOAD 6.5 .0 1 .02 .03 .01.J. .05 
million 25% 30% 25% 10% 10% 

l.J. . Deviation from baseline relicensing -. 30 - .10 0.0 .10 .30 
cost (proportion of baseline), ALPHA 10% 20% l.J.0% 20% 10% 



Table 4 

Plant Combinations in General Test Case Experimental Design 

Combination Plant Capacity Acquisition Combination Plant Capacity Acquisition 
No. No. (mw) Time No. No. (mw) Time 

1 5 400 0 4 5 600 0 
6 600 2 6 600 6 
7 600 12 7 400 12 
8 800 20 8 800 20 

2 5 400 0 5 5 600 0 N 

6 400 2 6 600 6 
0 

7 400 6 7 600 12 
8 400 10 8 600 20 
9 800 20 

3 5 200 0 
6 200 2 
7 600 4 
8 600 12 
9 800 20 
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a ttempts to minimize user cost by operating the more efficient plants at or below the 

capacity threshold unless the less efficient plants are not capable of meeting load when 

operating at full capacity. 

For each of the ten strategies, twenty states of nature are run, generating a 

cumulative distribution funct ion of the objective function value J . The GRE MP package 

reduces the ten distributions to an efficient set using the criterion of stochastic 

dominance with respect to a function. The results are presented in the next section. 

Results 

This section discusses the results of the general test case with respect to 1) the 

selection of preferred strategies and 2) the dynamic behavior of the simulation model. 

Pref erred Strategies 

Each of the ten strategies was simulated for 20 states of nature, and means and 

standard deviations of the objective function values were computed. Remember that, 

because the consumer price is endogenous as discused above, the objective is to minimize 

the discounted present value of costs paid by the consumer. Costs include time, user and 

control costs as well as operating, maintenance and variable input (fuel) costs. Table 5 

summarizes the strategies and the outcome statistics. 

Strategy #1 has the minimum expected (mean) cost and the second smallest standard 

deviation. If minimizing the expected value of the objective function were the decision 

criterion, Strategy #1 would be selected. The criterion used in GREMP, however -

stochastic dominance with respect to a function -- considers other statistical properties 

of the outcomes as well in relation to assumed bounds on the decision maker's absolute 

risk aversion function , and it generally results in an efficient set of strategies rather than 

a unique optimum. In this general test case, the efficient set contains only one 

strategy -- Strategy #1. 

It is interesting to note, however , that the most costly strategy, Strategy #8, has an 

expected value of its outcome only about 6% greater than that of Strategy #1 yet exhibits 

a standard deviation almost twice as large. This suggests that, for normally distributed 

outcomes, the odds are about one in five (about a 19.5% probability) that Strategy # 8, the 

"worst" in expected value, would have a better outcome than the mean of Strategy #1, a 

better than one in twenty chance (about a 5. 7% probability) of costing less than the least 

cost (5. 788 billion dollars) experienced in the 20 samples of Strategy #1, and an even 

chance of bettering the worst of Strategy #l's 20 outcomes (6. 451 billion dollars). The 

smaller standard deviation of Strategy #1, on the other hand, gives it only about a 5% 
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Table 5 

General Test Case Results 

Dispatch Plant Statistics on Outcomes 
Strategy Threshold Combination Mean++ Std. Dev. Rank 

No. UC OPT* No.+ (bill.$) (bill.$) 

1 1.00 1 6.090 .220 l 
2 1.00 2 6.382 .233 9 
3 1.00 3 6.161 .259 2 
4 1.00 4 6.167 .206 3 
5 1.00 5 6.231 .242 5 

6 .80 1 6.352 .418 8 
7 .80 2 6.276 .243 7 
8 .80 3 6.450 .420 10 
9 .80 4 6.230 .299 4 
10 .80 5 6.271 .295 6 

* UCOPT = 1.0 means more efficient plants are used to full capacity before less 
efficient plants are dispatched. 

UC OPT = 0.8 means more efficient plants are used at 80% capacity, in order to 
minimize user cost and forced outage, unless less efficient plants aren't 
sufficient to meet load. 

+ See Table 4 for definitions of the plant combinations tested. 

++ Discounted present value of costs, including input, maintenance, time, user and control 
costs. 
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probability of doing worse than Strategy #S's mean, about a 7S% chance of costing more 

than Strategy #S's least cost outcome (5 .92 4 billion dollars), and virtually no chance of 

doing worse than Strategy #8's worst outcome (7.531 billion dollars). Pictorially, the two 

distributions are roughly compared in Figure 3, which constructs triangle distributions 

from the sample statistics. 

It is also noteworthy that the five plant combinations tested rank differently 

depending on the dispatch threshold. That is, Combination #1 is best and Combination #2 

is worst when UCOPT = 1.0, while UCOPT = O.S results in Combination # 4 being best and 

Combination # 3 being worst. On the whole , however, except for Plant Combination #2, 

full utilization of the most efficient plants (UCOPT = 1.0) gives lower cost results than 

trying to reduce user cost (and hence forced outages) for those plants (UCOPT = O.S). As 

indicated above, the differences are small. Nevertheless, such differences as these are 

due to the dynamic impacts of the dispatch rule on utilization rates and, thence , values of 

services and salvage times. Furthermore, these results depend on the particular user cost 

functions assumed. Other, possibly more realistic, functions could have different impacts. 

Model Dynamics 

The dispatch rule determines plant capacity utilization by dispatching plants to full 

capacity from the most efficient to the least efficient until the load is met. Efficiency is 

calculated according to the cost of fuel, the heat content of the fuel and the heat rate of 

the plant. Furthermore, plant time utilization depends on an assumed down time for 

scheduled maintenance and forced outage, which is a function of user cost and mainte

nance regimes. Therefore, the plant utilization rates (the product of time and capacity 

utilization) provide a composite picture of the dynamic interations among the various 

plants of fuel costs, plant efficiencies, user costs, maintenance and load forecasts. Figure 

4 shows the time paths of utilization rates for the eight plants of Strategy #1 over the 40-

year planning horizon. 

As new plants come on line following their construction lead times (i.e., at times 7, 

10, 20 and 29 for plants 5, 6, 7 and S, respectively), existing plants experience a drop in 

utilization to the extent they are less efficient than the new capacity. The more 

efficient , new plants are then utilized to full capacity, allowing for scheduled and forced 

down time, while the remaining plants steadily increase in utilization to meet the 

increasing load. 

Plants 1 and 3 are oil plants and are assumed to be retired without replacement when 

the current increment to value of services, averaged over a year , does not cover control 
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cost. Under this rule, plant 3 is retired at time 15. 75. Plant 1 also meets this criteria at 

about the same time. However, since it is being used at a utilization rate greater than 5% 

and therefore presumably needed to meet load, it is retained. Conditions do not dictate 

retirement again until after plant 7 comes on line at time 20.00, and plant 1 is retired at 

time 2 4.25. 

The remaining plants are coal-fired and assumed to be replaced with identical units 

when the current increment to value of services, averaged over a year, is less than the 

annualized average of value services to date, the latter representing the value of the 

replacement. Under this criterion, plants 2 and 4 are replaced, following lead times for 

construction of the replacements, at times 17 .50 and 37. 75, respectively. 

Summary and Conclusions 

We have presented a preliminary model to operationalize theoretical developments 

integrating the economic theory of investment and disinvestment decision making with 

the decision analysis theory of decision making under uncertainty. The operational model 

presented is oriented to decisions regarding electric power generating capacity, although 

it is generalizable to other durable factors of energy production and distribution. 

The decision problem is conceptually cast in an optimal control framework in order 

to reflect the dynamic and simultaneous features of decisions, over some planning 

horizon, concerning: 1) when to acquire and dispose of durable productive assets (i.e., 

generating capacity), 2) what sizes to acquire, 3) what rate services are to be extracted 

from them, and 4) when and how much they are to be maintained. While it would be 

virtually impossible to solve such a complex, nonlinear problem analytically, techniques 

are available for finding numerical solutions in the deterministic case. Our situation is 

decidedly not deterministic, however, because of the uncertainty part of our problem. 

Therefore, we have embedded the model in a software package (GREMP) that 1) 

systematically selects prespecified control strategies, 2) generates a distribution of the 

objective function value for each such strategy through Monte Carlo simulation, and 3) 

identifies the efficient set of distributions (i.e., strategies), based on the criterion of 

stochastic dominance with respect to a function. 

Finally, a general test case is constructed to test and demonstrate the range of 

decision features of the model. The results of this test are discussed with respect to 1) 

the dynamics of the problem for a single strategy and state of nature, and 2) the overall 

"optimal" solution, which is an efficient set of one strategy. 

Experience developing the model and specifying and evaluating the test case has 

suggested a number of avenues for further theoretical and model development and 
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experimentation. These are briefly enumerated below, grouped into those relating to the 

specifics of the test case and those concerning the basic model itself. 

The General Test Case 

1. Investigation of and experimentation with the parameters and functional form 

assumed for the stochastic dominance criterion. The one used here resulted in an 

efficient set of only one strategy. Was this due to the criterion function or to the 

peculiarities of the test problem as specified? 

2. Reconsideration and, where necessary, revision of particular assumptions in the test 

case to increase its realism and relevance. This would include, for example: 

a) data on plant characteristics and costs, 

b) the dispatch rule (e.g., see Booth, 1971), 

c) the functional forms relating user cost , forced outage and variable mainten

ance to one another and to the rate of plant utilization, and 

d) whether a control law could or should be specified relating plant acquisition 

time to load. 

The Basic Model 

3. Revision of the equation computing the value of services accrued to each plant. 

Currently, the total economic gain generated by a plant is attributed to the services 

of the plant itself. Further theoretical development is necessary for the multiple 

durable case, however, in order to exclude the gain attributable to other inputs used 

in conjunction with the plant's services. 

4. Reconsideration of the criteria determining the optimal salvage time for a plant, 

i.e., STIME in equation 11. 

a) The derivation of the criterion for replacement with an identical unit assumes 

the value of services is well-behaved over time; specifically, that the second

order conditions for maximization are met. This is not the case in general, 

primarily due to the interdependency of plants through the dispatch rule and 

other constraints imposed on a plant's operation. That is, the criterion was 

developed for a single durable. Further theoretical development is necessary 

to derive a criterion which considers the interactions among the multiple 

durables of a single firm which is constrained to produce a given level of 

output over time. 

b) The criteria implemented here were derived assuming either no replacement 

or that the durable would be replaced with an identical unit which faces 
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identical price, cost and use patterns over time. Alternative criteria need to 

be derived for other cases, such as replacement with altogether different 

types of units. 

5. Implementation of an algorithm to find a numerical solution to the deterministic 

optimal control problem. A software package to do so could be appended to the 

GREMP system. Such a solution would be instructive and useful to check the logic 

and realism of the problem specification and to compare with the set of efficient 

strategies resulting from the GREMP algorithm. 
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PROGRAM INFORMATION 

The mathematical model described in the previous section is implemen-

ted for simulation on the computer in program AIDU--Analysis of Investment 

and Disinvestment under Uncertainty. This section describes the operating 

environment and structure of AIDU and how to implement tt on the computer. 

Program Description 

Operating Environment 

AIDU is programmed in standard FORTRAN and has been implemented on 

Michigan State University's CDC computer as follows: 

Machine: CDC Cyber 750 
Operating System: MSU Hustler 2, LSD 49.56 
Compiler: CDC FTN V4.8--P498 
Core requirements: 12,269 decimal words 
CP compile time: 1.724 CP seconds 
CP execution time: 659.654 CP seconds for the general test case of 

200 40-year simulations (10 strategies and 20 
states of nature), for an average of 3.30 seconds/ 
simulation and 0.08 seconds/year. 

Program Structure 

Program AIDU is structured in two nested DO-loops, as shown in Figure 5. 

The outer loop is for strategies, and for each strategy, the inner loop 

cycles over the states of nature. For each strategy and state of nature, 

subroutine SIMIDA (Simulation for Investment/Disinvestment Analysis) con-

tains the simulation time loop. 

The following sections describe the functions of the subroutines, 

while the symbolic variable names used in the program are defined in 
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Appendix l. Subprograms are considered standard parts of the AIDU 

package unless indicated (by an as t erik *) as being user-suppl i ed 

pa r t i cular to each applicat ion. The complete computer program, including 

user-supplied routines for the general test case described here, is 

listed in Appendix 2. 

Investment/Disinvestment Analysis Routines 

AIDU 

ACQUIR 

*DATGEN 

*EX DAT 

*EXOG 

*INDAT 

*LODUR 

OBJECT 

*OUTPUT 

SALVGE 

SIMI DA 

STATES 

- Executive PROGRAM of model for the analysis of investment 
and disinvestment under uncertainty. 

- SUBROUTINE which accounts for the acquisition and implemen
tation of new durables. 

- BLOCKDATA which contains projections of the growth rates of 
exogenous data. 

- BLOCKDATA which initializes constant parameters and includes 
data relating to existing durables. 

SUBROUTI NE which computes exogenous variables. 

- SUBROUTINE which initia l izes both the variables corrmon to 
t he entire system and variables specific to individual durables . 

- SUBROUTINE which constructs a load duration curve for the 
system . 

- SUBROUTINE which computes the objective function and also 
depreciation, income taxes and the customer price of energy. 

- SUBROUTINE which prints detailed outputs from the model. 

- SUBROUTINE which evaluates durables for salvage and indicates 
replacements or retirement at salvage time. 

- Executive SUBROUTINE of the investment and disinvestment 
analysis model. 

- SUBROUTINE which computes the state variables of the model. 



*STRAT 

*UTLMNT 

STEP 

TAB EL 
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- SUBROUTINE which generates decision strategies for analysis 
by the mode 1. 

- SUBROUTINE which determines utilization, maintenance and 
energy dispatch for each of the durables. 

- Utility FUNCTION which implements a step function. 

- Utility FUNCTION which implements a table look-up function. 

Stochastic Dominance Analysis Routines 

NSTDO 

CUMCAL 

RO RD ER 

SD 

Ul 

U2 

Uil 

UI2 

- Executive SUBROUTINE of the stochastic dominance analysis 
model. 

- SUBROUTINE which generates a cumulative distribution from a 
sample of observations. 

- SUBROUTINE which arranges a sample of observations in 
ascending order. 

- SUBROUTINE which compares two functions according to the 
criterion of stochastic dominance. 

- FUNCTION which computes the upper bound of absolute risk 
aversion. 

- FUNCTION which computes the lower bound of absolute risk 
aversion. 

FUNCTION which computes the inverse of the upper bound of 
absolute risk aversion. 

FUNCTION which computes the inverse of the lower bound of 
absolute risk aversion. 

Program Implementation 

AIDU may be implemented by providing 1) the user-supplied subroutines 

(indicated above) and 2) data, both of which define a particular application. 

Job control parameters--i.e., defining the size of the experiment, print 
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options, etc.--are specificed on data cards read in the main program as 

input from logical unit S at the start of each job. These are specified 

below, after which all other data requirements, which are defined in 

DATA statements and assignment statements, are described. Finally, the 

outputs generated by AIDU are outlined. 

Job Control Parameters: Data Card Formats and Descriptions. 

Card 

2 

3 

4 

Columns 

1-S 
6-10 

1-5 
6-10 

11-1 S 

1-S 

1-S 

Format 

IS 
IS 

FS.2 
FS.O 
FS.O 

IS 

IS 

Description 

NSTRAT - Number of strategies to be evaluated 
NSAMP -- Number of sample observations (stat es 

of nature) 

OT - Simulation time increment in years 
BTIME - Initial time of simulation 
ETIME - Ending time of simulation 

IPRT - Switch for detailed model output 
(0 = Off) 
('I 0 = On) 

NDUR - Number of durables 

For the general test case sample run, these parameters had the 

following values: 

NSTRAT = 10 
NSAMP = 20 
OT = 0.2S 

Internal Data 

BTIME = 0. 0 
ETIME = 40.0 

IPRT = 1 
NDUR = 10 

Values for all other parameters, initial conditions, and exogenous 

variables are defined within the program in DATA statements or assignment 

statements. The lists below describe each variable requiring such definition 
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(for the general test case) and the appropriate unit of measure, and give 

the routines where it is defined. The first list is for data general 

to the system being modeled, while the second list is for data required 

for each durable modeled. The values used in the general test case are 

shown in the program list in Appendix 2. 

General Data 

Variable Name 

ALPK 

FUELC 

PR COAL 

PROIL 

R 

RA 

RETINV 

RHO 

TAX RAT 

XALI C, XVLI C 

XALD,XVLD 

XAPRC,XVPRC 

XAPRO,XVPRO 

XLOAD 

Routine 

EX DAT 

EX DAT 

IN DAT 

INDAT 

EX DAT 

AIDU 

EX DAT 

EX DAT 

EX DAT 

DATGEN 

DATGEN 

DATGEN 

DATGEN 

INDAT 

Description 

Minimum load as a proportion of peak load 

Heat content of fuels (Btu/unit) 

Initial price of coal ($/ton) 

Initial price of oil ($/barrel) 

Opportunity cost (proportion/year) 

Boundary coefficients for absolute risk 
aversion analysis 

Authorized return on capital base 
(proportion/year) 

Discount rate (proportion/year) 

Income tax rate (proportion/year) 

Probability distribution of random 
coefficient of relicensing cost 

Probability distribution of growth 
rate of load 

Probability distribution of growth 
rate of price of coal 

Probability distribution of growth 
rate of price of oil 

Initial demand for electric power 
(MWH/year) 
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Durable-Specific Data 

In general, initial conditions and characteristics for durables 

existing at time zero are given in EXDAT, and data characterizing durables 

which may be acquired later are specified in STRAT, where they may be 

strategy-dependent. 

Defined in 
Variable Routine 

ACCSTO EXDAT,STRAT 

ACQTO EXDAT,STRAT 

CAPO EXDAT,STRAT 

CAP TH EXDAT ,STRAT 

DEPLIF EXDAT,STRAT 

FOMCO EXDAT, STRAT 

FOR EXDAT ,STRAT 

HEATR EXDAT,STRAT 

INTP EXDAT, STRAT 

I STAT EXDAT, 
INDAT, 
STRAT 

PSCRP EXDAT,STRAT 

PTIRAT EXDAT ,STRAT 

Description 

Acquisition cost in present dollars 
($/MW) . 

Acquistion time (year) 

Rated capacity(MW) 

Capacity threshold as proportion of boiler
plate rating 

Estimated life for purposes of deprecia
tion (Years) 

Fixed operating and maintenance costs 
($/MW/year) 

Forced outage rate (proportion) 

Heat rate (Btu 1 s/MWH) 

Input Type 1. Oil 
2. Coal 

Initial Status of Durable 
-1 Pre-construction 
0 Retired 
l Under construction 
2 Active 
3 Active with replacement under construction 

Scrap value as proportion of acquisition 
cost 

Property tax and insurance rate as 
proportion of acquisition cost 
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RCOSTO EXDAT,STRAT Cost of relicensing ($) 

SCH ED EXDAT,STRAT Scheduled outage rate (Proportion) 

TLEAD EXDAT,STRAT Lead time for design and construction (Years) 

TUC EX DAT, STRAT Period of time for which operating license 
is valid (Years) 

UC EXP EX DAT, STRA T Parameter for computation of user cost 
(No units) 

UCMAX EXDAT,STRAT Parameter for computation of user cost 
(No units) 

UCO PT EXDAT,STRAT Optimal operating rate as proportion of 
boilerplate rating. 

Outputs Produced 

All output is written on logical unit 6. The standard output des-

cribed below is always printed, while the optional output is given only 

for IPRT 1 0. Appendix 3 contains samples of these outputs for the 

general test case. 

Standard Outputs 

The model produces a number of standard outputs for each execution. 

The outputs from the analysis of each strategy is preceded by a short 

description of the strategy: the capacity, acquisition time and mainten-

ance policy for each durable. 

Each strategy is simulated under a number of states of nature and a 

summary of each simulation is printed. It includes a message issued at 

the acquisition time, implementation time and salvage time of each durable. 
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The message gives the capacity of the durable, its accumulated value of 

services, the rate of change of the value of services and the annualized 

average of the value of services at that instant of time. At the end of 

the run, the same infonnation is printed for all active durables along 

with the value of the objective function. 

At the end of the run, a list of the strategies in the efficient set 

is printed. Each of the efficient strategies is identified and the mean 

and standard deviation of the sample distribution is printed. 

Optional Outputs 

More detailed outputs may be obtained via the output switch IPRT. 

The status of each durable and selected variables pertaining to the electric 

power system (for the general test case) as a whole are printed at each 

time interval. This option is designed for use in debugging and is not 

recommended in general since it will lead to voluminous outputs. 

Currently, detailed outputs include, for each durable, its capacity 

salvage value, accumulated value of services, instantaneous rate of change 

of value of services, annualized average of value of services, production, 

utilization rate, variable input use, and maintenance. System variables 

include the objective function, load, purchased energy, customer price, 

purchased energy price, and prices of variable inputs. 



APPENDIX 1 

VARIABLE DEFINITIONS 

The FORTRAN variable symbolic names used in AIDU are defined in 

this appendix, and units of measure are given where appropriate. The 

variables are grouped by labeled co1TU11on block and are listed alphabeti

cally within each group. Variables specific to the general test case 

application are indicated by an asterisk (*). 

38 



39 

/CNTRL/, Control variables 

Variable 

BTIME 

OT 

ETIME 

IPRT 

Description 

Beginning time of model (year) 

Time interval 

Ending time of model (year) 

Print switch 
0 Surrnnary output only 
1 Detailed and summary output 

/DURCV/, Constant variables related to durables 

Variable 

AC CS TO 

ACQTO 

CAPO 

*CAP TH 

DEPLIF 

FOMCO 

*FOR 

*HEATR 

I DOUR 

IMNT 

*INTP 

IREPLC 

Description 

Acquisition cost in current dollars, $/megawatt 

Scheduled acquisition time 

Boiler plate -capacity, megawatts 

Capacity threshold, proportion of boilerplate capacity 
at which user cost will begin to accrue 

Lifetime for purposes of depreciation, years 

Fixed operation and maintenance costs in current dollars, 
$/megawatt 

Forced outage rate, proportion 

Heat rate, Stu's/megawatt-hour 

Durable indicator 

Maintenance policy, l=Maintain durable to proportion 
of capacity represented by VMNT 

Fuel type, 
1 Oi 1 
2 Coal 

Replacement policy 
0 Retire with no replacement 
1 Replace with identical unit 



NDUR 

PSCRP 

*PTIRAT 

*RCOSTO 

SCH ED 

*TLEAD 

*TLIC 
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Number of durables 

Scrap value, proportion of acquisition cost 

Property tax and insurance rate, proportion of 
acquisition cost 

Relicensing cost in current dollars 

Scheduled outage rate, proportion 

Lead time for design and construction, years 

License period, years 

/DUROL/, Lagged variables related to durables 

Variable 

DELAY 

!DEL 

NOEL 

Description 

Lagged value of OVALS 

Number of delay periods in storage 

Length of delay, number of time periods 

/DURDS/, Decision and state variables related to durables 

Variable 

ACQT 

ACQTR 

ANAV 

*DEPBAS 

*DEPVAL 

DGCAP 

DVALD 

OVALS 

FOM 

Description 

Acquisition time of present durable 

Acquisition time of replacement durable 

Annualized average _of value of services, $/year 

Base for depreciation, dollars 

Book value of durable, dollars 

Rate of change of capacity of durable, megawatts/year 

Rate of change of value of durable, $/megawatt/year 

Rate of change of value of services, $/year 

Fixed operating and maintenance costs adjusted for 
inflation, $/megawatt 



GCAP 

PROD 

*PTIBAS 

SAL VAL 

*TAX 

u 

US CST 

*UTH 

*UTILC 

*UTILT 

VALOUR 

VALSER 

VIUSE 

VMAINT 
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Present capacity of durable, megawatts 

Production of energy, megawatt-hours/year 

Base for property tax and insurance, dollars 

Salvage value, $/megawatt 

Income tax, dollars 

Level of utilization, proportion of capacity 

User cost, megawatts/year 

Increase in forced outage rate due to use, proportion 
of total time 

Average capacity utilization during operating time, 
proportion 

Time utilization, proportion 

Value of durable, $/megawatt 

Accumulated value of services, dollars 

Variable input use, units/year 

Variable maintenance, megawatts/year 

/DUREX/, Exogenous variables related to durables 

Variable 

AC CST 

D 

DC OST 

FOMC 

*RCOST " 

VI CST 

VMNTC 

Description 

Acquisition cost, $/megawatt 

Depreciation rate, proportion/year 

Decommissioning cost, $/megawatt 

Fixed operating and maintenance costs, $/megawatt 

Relicensing cost, dollars 

Variable input cost, $/megawatt 

Variable maintenance cost, $/megawatt 
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/SYSEX/, Exogenous variables related to electric power system 

Variable 

CPR 

*FUELC 

HPY 

PPR 

*PRCOAL 

*PROIL 

R 

RETINV 

RHO 

*TAX RAT 

*XLOAD 

Description 

Customer price, $/megawatt-hour 

Fuel constant, Stu's/unit 

Hours per year (8760) · 

Price of Purchased energy, $/megawatt-hour 

Price of coal, $/ton 

Price of oil, $/barrel 

Cost of capital, proportion/year 

Authorized return on capital base, proportion/year 

Discount rate, proportion/year 

Income tax rate, proportion 

Energy demand, megawatt-hours/year 

/SYSVR/, System variables 

Variable Description 

OBJ Objective function, dollars 

*PINRG Purchased energy, megawatt-hours/year 

*TPROD Total energy production, megawatt-hours/year 

/LDMIC/, Parameters for load duration curve 

Variable 

*ALPK 

*CCPK 

Description 

Minimum of load duration curve as a proportion of peak 
load 

Ratio of capacity to peak load 



*NPNT 

*PP KA DJ 

*XLDPK 
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Number of points in approximation of load duration 
curve. 

Approximation of load duration curve, megawatts 

Peak load, megawatts 

/EXODAT/, Data for exogenous variable projections 

Variable 

*KLD 

*KUC 

*KPRC 

*KPRO 

*XALD 

*XALIC 

*XAPRC 

*XAPRO 

*XVLD 

*XVLIC 

*XVPRC 

*XVPRO 

Description 

Number of data points in load growth probability distri
bution 

Number of data points in license cost probability 
distribution 

Number of data points in coal price probability dis
tribution 

Number of data points in oil price probability di stri -
bution 

Arguments of load growth probability distribution 

·Arguments of license cost probability distribution 

Arguments of coal price probability distribution 

Arguments of oil price probability distribution 

Load growth probability distribution 

License cost probability distribution 

Coal price probability distribution 

Oil price probability distribution 

/STODOM/, Variables used in stochastic dominance analysis 

Variable 

AMEAN 

c 

Description 

Mean values of strategies in efficient set 

Temporary array used in stochastic dominance analysis 



CP 

IDSTRT 

NEFF 

NPNT 

R 

STD 

R 
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Temporary array used in stochastic dominance analysis 

Identification of strategies in efficient set 

Number of strategies in efficient set 

Pointer to next candidate for efficient set 

Distributions of strategies in efficient set 

Standard deviations of strategies in efficient set 

Distributions of strategies in efficient set 

/STDPAR/, User-supplied parameters for stochastic dominance analysis 

Variable 

RA 

Description 

Boundary coefficients for risk analysis 



APPENDIX 2 

PROGRAM LIST 

The complete program of AIDU as executed on the CDC computer at 

Michigan State University is listed on the following pages. This program 

generated the general test case described in the text and the outputs 

presented in Appendix 3. 
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SU B PC UTI~E ~ C Q UI R 
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D !1 T A ( I S T A T ( I D U R ) , I D 1_1 R = r , 4 ) I 4 * 2 I 4 ?, 4 ._ 
'.) /\. !I\ (AC' 0 J 0 $I D L' R ) , ID l' ~ ~ 1 , I.) I ,- .1 • , -.1 ~ , -1 ~ ~ • 1 ;_,.. I 4 <: c: ~ 
rJ A . A ( C A F . L D IJ q ) 

5 
I [l U Q - , ! 4 ) I 2 · _ • , 2 .. , • , 4 '· ·., • , v • C' • I 4 :, (_ : 

!H TA CHEaTfHI DUR rI DUR =1r4) I 8. tr E~r 1 ': .~ 1,;~ Q ~ 8 .4 ') E-', , 1 -- . ::J E6 I f."1:7 :_:_ 
DA TA < A CCST O <I~UR1,ID U P=1,4> I .?~ ~Eo , 1.~ ~0to •• 50GE6 , . 9 5 - ~6 I 4 38 ~ 
DftTA CDEFLIFCI DUQ ),I DLJQ =~e4> I 3 ·~ 34 .c 3 ~ .~ 3~. I ~ ... ~ ? ;_, 
DA TA CTL I CCIDUQ),!~UR=1,4J I ~~., .4., ~· ., _4. I 
D A T A ( R C 0 S T S < I ~ U R ) , I D U R = 1 , 4 > I 4 • • 5 E 6 I 4 4 1 ·: 
D A TA ( F 0 R ( I D U R ) , I r. u R = 1 , 4 ) I • ; 5 L • 1 1 L • 'J 5 L • 1 1 I 4 4 2 '~ 
DAT A (SC HED CIDUR ),IDUP=1,4) I . 1 ': -< .·13 , .1 : , .14 I 44 '!/ 
Of.TA (PSCRPCIDUR),!DU~=1 4) I 4*.c:S I 41..L. " 
DATA '.PTI RATC IDUR>,IDUR=f ,4> I 4•. C21 I 445 r· 
DftTA (TLEADC!OUR),IDUR=1,4) I ?., 7., 7., 8 . I 44 6 ~ 
DATA CF G MC n (!DU~),!D~R=1,4) I 15.E3, 16.E3, 15.E3, 12. 6 E3 I 447 : 
D/\Tft. CUC OPTCIDUR),IDUR=1,4) I 4•1. " ') I 44 f '" 
D AT A < C A P T H ( I D U R ) , I D IJ R = 1 , 4 > I 4 -11 • 8 ': I 4 4 9 - ~ 
DATA (UC ~AX CI DUR) ,IOUR= 1 ,4) I 4*1. I 45 ' C 
COTA (UCEXP<rou q ),IOUP=1,4) I 4•2. I 45 1~ 
Dft TA ~DE L I 4 I 452' 

4 C.. 7, r 

4 54 -: 
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SUBRCUTI. E EXOG<IOT > 

EX O GE ~rnus DATA (USE R SUPPLIE D) 

5 "1 · ':; 

5 . ' 1 ~ 
,.. -"' ?" ) - · .. 
5 "' 3') 

C CMr~ON /C NTRL/ 
+ 

B TI M E,ETI~E,NDT,DT,TI ~ E,ISTRAT, 5 r 4 0 
1 ST R ~T,NS .~ MP ,IPRT X R A~! , N DUR 5 ·1 <: ' : 
~CCST 0 (1 ~ ),ACQT "' (f ~ ),CA 0 THC1 0 ),CAP (1 1 ), 5 ~ 6 r 

+ 
+ 
+ ... 

+ 
+ 
+ 
+ 
+ 

+ 

CC Mt~CN /D UR CV/ 

c r MMCN / DURDS / 

C CMMC~~ / DUR EX/ 

D: PL I F ( 1 " ) , F 0 ~ C 'l ( 1 '; ) , ~ 0 R ( 1 ... ) , H E .A.TR ( 1 "1 ) , If' DU P. ( 1 ... ) , 5 • 7 ( 

I l'f. ~J T ( 1 r: > , I NT P ( 1 "' > , I R E PLC < 1 ·2 > , P SC R P ( 11) > , PT IR A T < 1 C > , 5 ~ 8 C 
RCOST ~ <1 ~ ),SCHE O C10),TL~ADC1 ~ >,TLIC( . 1 ), 5 ~ 0 : 
U C EX r ( 1 " ) , UC ~ AX C 1 :i ) f UC 0 PT ( 1 :1 ) f V ~ ~i T ( 1 '' ) , V 0 ~ C ': ( 1 _; ) 5 1 ..., ; 
A C Q T ( 1 ft > , AC QT R C 1 ·"\ >, , 0 M ( 1 ~ h G C A P ( 1 \: ) , D G C ~ P ( 1 : >, 5 '1 1 ·' 
ISTAT(1 '1 ),PR 0 D( ~ ),S A LVAL(1 ·' ) U(1 ), 5 12 : 
US CSTC1 : ) UT~(1 ) UTILCC1 ~ > ... uf r LT(1 r ), 5~3 : 
VALDUR(1 " 5, D VPL D cf ~ >,VA LSF:RC1 . ), DVALSC1 " ), 514 
VIUSEf1 0 >,V "'1 .~. I"IT<1 1J ), s 1 s ·: 
~EPBASC1 ~ ), D EPVAL(1 0 ),PTIBAS(1 C ),TA X C1 ~ ),A AV ( 1 " ) 51 6~ 
ftCCSTC1 :> ),0(1 . ) OCOST(1 ~ ) 51? " 

CCMM CN /SYS EX / 
+ 

FQ ~C <1~J,RC O ST<f " > 9 VICST<f ~ ),VM N TCC1 ~ ) 5 1 e~ 
CFP,FUELC(S), HPY, ~. 19 ':; 
PPR,PRCOALLFROIL~R,RETIHV , R H O ,TAX R AT,XL rAD 521" 

+ 
+ 

KLD,KLIC,Kt-'RC,KPKOr . 5 2 2 :' 
XALD<5>,XALICC5>,X RPRCC5>,X AP ROC5>t 5 23 : 

C(MM ON /'=XODAT/ 

XVL D( 5 ),XVLTC(5),XVPRC(5),XVPR Q(5) 5?4 ~ 
5 ?7• ' 

LP H A = ,... • 
I~(IDT .E Q . 1) GO TO 5 
C~LL RA N SET<XRA~) 

ST ~ CHA S TIC VARIARLES CO ~ M O N TO T~E SYSTE . 
X R A ~ = R A ~I F ( - 1 ) 
PR OIL = F ROIL * (1.+STFP(XVP RO ,KPR O,XAPRO,X RA \)* DT) 
PqC OAL = FqC OAL * <1.+STEP(XVF RC ,KD RC ,XA POC(XqAN)*DT) 
XLO~D = XLO~O * <1.+ST E PCXVL D ,KL D ,X~LD, XRA ~ J* D T) 
ALPHA = ST E PCXVLIC,KLIC,XAL!CtXq A~ l 

r ETE RM I ~ ISTIC VARIA RLES C OM~O~ TO TH E SYST E~ 
Cf.ll'..I T P WE 

VARIABL ES SPECIFIC TC PU ITS 
f1C 3~ IDUR=1, Jr.UR 
FC C(IOLJq) = F C~C O (I ~UR ) * EXP(. 1 5 *TI ~ E) 
fl (I i:'UR ) = . " 25 
IF<TI ~ E .E G. CACQTR CI DUR>+TLEADCIDU R>>> 

C' .., ·'' 
' :. l) ·-

5 29 '1 

5 ' ·", r; 
.-S31 · ... 
5 3 2 '• 
5 33 ~ 
5 ::.t.-
c; 7 <:: ' - -'.... ., 
5 .'..6 r 
5 ~ 7 ~ 
5 <: ~ ·' 
c7. ,;-
,,.; ·' '! . 
5 t. . : 

+ D(IDUR) = (1.·PSC RP <I DUP )) IDT 

s 4 i ' 
5 4 ? : 
5 4 ? :: 
" 4 4 "I 

5 4 5 : 
5 4~ ' 
5 4 7 " 
5 4 8 r: 
51. O n 
5 5 . ri 
5 51 .. . 

AC C5T (I DL'q ) = ACC5T :: (!Ct P.) * EXP (. ·65 *TI .., E) 
DC OST(I DUR ) = .1"' * ACCST(Il)LJR) 
V~NTCCID UR ) = ACCSTCIDUR> I 1 J . 
PCOS T(I~UR) = RCOST O(IDUR) *ALPHA * EXPC. J5 *Ti rE ) 
VIC ST( IOUR ) = FR CIL 
!F(INTP<I OUR) . ~Q . 2 ) VICST(I DUR) = P R C O~ L 
cmJTINU E 
0 E T UR~l 
E D 

s s::~ 
5 5: (' 
~-. 54 : 
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c 
c 

c 
c 

c 
2 

4 

5 

1;: 
c 

; .~ 

c 
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5 UB R ':' U TI '-' E I ' l D _q 

CATA I~ITIALIZATI C N C USER SUPPLIEn ) r. 7 ~ 

n TI M F , ET I f. , ' l D T 9 D T , TI i,. E, I ST RA T , i-. • L 1~ C Ct'1M n ~ 1 IC !TR l I 
+ 
C ! M M(~ / r'UR CV/ 

+ 

"ST RAT , ~: 5 Ar"' F , IP R T, X Rt, ~ 1 , l DU R l 5 ~ 
A C C S T ,._ ( 1 ; ) , A C QT ·) ( 1 ~ ) , CAP T H ( 1 J ) C f, P , ( 1 0 ) ~ .:. ::-
f' E PL r re 1 ; ) , For.-. c'"' < 1 0 ) , c- o R c 1 :1 ) , H €Ar 1H 1 1 ) , f DD u R c 1 .... ) , /:, · 7 ': 

+ 
+ 

I "" 'J T ( 1 , > , I . T P ! 1 ,. ) , I R E FL C { 1 ; > , F S C R P < 1 ~, } , P T I ~ .A T ( 1 r, > , 6 -. E ; 
R C C' S T '.1 ( 1 C ) , S C H E f) ( 1 0 ) , T L E A D ( 1 -:: ) , T L I C ( 1 ,... ) , f: '"" o r: 

crMMO ~ 
C C ~"'O\I 

+ 

/ DURD L/ 
/ DU RDS / 

UC EX P ( 1 ~ ),UC MAX C1 ~ ),U C0°T C1 , ), VM ~ T(1 ~ ), V0~C. C1 0 ) 61 :C 
'~ I) ~ L , I D E L ( 1 ; ) , D f L ~ Y ( 4 , 1 "' ) :) ~ 1 ·: 
AC.QT(1 ),AC Q T R (1 0 ), F0 M l1 0 >• 1 CAFC 1~ >t D G C AP f1 ~ ), 6 12 " 
TSTAT(1 •:i ;,P RQD( 1 ,, ), S.A LV .~L(1 . ) U ( 1 ~ ), C- 1 3" 
usrST(1 ~ ),UT ~ (1 r ) UT!LC(1 ~ >,uf T LT<1 C ), 6 1 4 ~ + 

+ 
+ 

VALDURf1 ~ >,DV A L D cf c >,VAL SER <1 r >, D VAL S (1 ~ >. 615 ~ 
vrusq1 ·1 ) V M ~. I"JTC'";) 1)16'' 

c c ~~r~O"'i 
+ 

/ DU REX / 

/ SYS EX/ 

[' E F BAS ( 1C ) , DEF VAL ( 1 ll ), F TI BAS ( 1 ': ) , TA X ( 1 ) ) , A'' AV ( 1 ..' ) 6 1 7 ~ 
HCST(1 :"' ),D( 1 ':' ) DCOSTC1 " ) 6 1 ~ -
~ 0~CC 1 0 >, RC O ST Cf J >, V!CS TCf J >, VMNT C< 1 1 > 619 ': 

+ 
CFR ,F UELC(5) , HPY , 6' " C 
~cR~PQ CO~ L~ PR0 IL~ R , R ETI ~V , PHC ,TA X RAT, X L 0A C 6~2 ~ 

CC :'t1 G ~i 

CCW'ICN /L D "! Cl ALPl , CPPr , ~ P ~ T,P~ K DJC21>tXL DPr ~2 ~ ~ 

INITIALI.ZATH 
CPR= 45 . 

OF VAR IA BLFS C O~MO~ TO THE EN TI RE SYSTE~ 

F PR = 45. 
PRQ IL = 25. 
PR Cr, AL = 3" . 
XLO~D = 6 .S E6 

INITIALIZ.ATi r~ OF PL ANTS . 
l)C 2 ro uq =1 ,4 
ISTAT<I'JU R) = 2 
DC 4 !DUR =S , DUR 
IS TA'!' C TD 1_1 R > = - 1 
DC 1~ I DUR =1, NDUR 
I':ELCIOUQ) = ': 
OC '1 I=1 'lDEL 
')i;: L .~Y(I,f DUR > = C. 
DC'.JSTCIDUR ) = .11: * ACC S T ~Of'\UR ) 
ACQTC!DUR ) = ACQT ~ < IDUR ) 
.ACQ TR CI DUR ) = ~CCT(I~LJq) 
G C ~ P ( ! D 1J q > = S • 
sa LvAL ( I UR )= c . 
OV AL s <I ouo ) = ,. • 
V¥AI ~ TfT CUR l = • • 
FOl"'< IDUR > = ~ . 
ft ~! A V ( I D U R ) = J • 

VftlSERCTCU R) = ( . 
I!'-JITI~LJ:Z.ATI C OF ACTIV E PL A !TS 

D C 2 ·~ ! D lJ R = 1 , ~ 1 D U R 
IFCISTAT(IDUR) . ~ E. 2 ) GO TO 28 
DCOST <IDU R) = .1 ·: * ACCST • <IDUR) 
VALDUR(TDUR ) = .1 C * 'CCST 1 CIDUR ) 
SC ~PC!D UR > = C AP~ f! DUR > 
VAL SER( TnUR ) = ·R * VAL DU R(I DUR) 
PTI 9 ftS(I DUR ) = ACCST ~ (I OU~) * C AP~ ( IOU 0 ) 
~ EP eA S(I~UR) = ACCST 0 (I DUR) * CAP O C!DUR) 
~ F PV A LC! DUR > = .SC * DEPeASCIDUR> 
SALVALCir UR ) = VALDU RCI UR )* GCAPCI DUR ) -
U1'-l(~'JUR ) = C . 
IJ SCST <I flU R> = ': . 
C CN T! ~Ju;:: 

R ~ TUR "I 
C: 'J D 

DC C ~ T(! D UR)*CAF 2 ( I rL~ ) 

fl 2 4 ..... 
A :1) .. " 

6 3? ·'.· 
6 3 :- ,, 
634 ": 
6 ~~ 5 ". 
t. )6 ·; 
6 37 ... 
~371 
t~72 
63 73 
67, 74 
6 7~ ':' 

63 .~1 
~' 3 ~ 2 
6 .7 p 3 
6 7Q~· 

6 4 ,c 
~ 4.., -
6 4 ::' . 
f::. 4 7 •.: 

6 !.. 4: 
f , ' 5 ; 
646 -
c- L;., 

6 4 ? ·2 
4 9~ 

6 5 " ~ 
~ <:'..., : 

6 5 ::' : 
6 5: ~ 
654'" 
6 s 5 ·; 
6 "6 c 
.:i = 7: 
6'.:CF 
6 "9? 
f.. (_, ·.-: 
,., ..:, 1 -
~· 6 ?. '' 
66' 
t- 6 l 
t- ~ 5 



c 
c 
r 

c 
c 
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SU BRCUTI'.t E LODUR 

LOOUR CO~STRUCTS A LOAD DURATIO N CUR' E 
ITS ! ' PUT S I ~ CL U 0 E T ~ E L A 0 Ml 0 8 .e. SE LG A 0 
AS A PR ~ PORT!C N OF PEAK L OA 

C C MM [ N I L D ._, I C I A l F K ~ C F P K , I P t~ T , P P K A D J ( 2 1 ) , X L D F K 
C CMM C ~ /SY~ EX / C P~ ,~ UELCCS ), H PY, 

+ PPR,~RC O~ L,P ROI L,R,RETI 'I V,RHO,TAXR~T,XL O ~G 
DIME~SIO N PP~ ~C~ <21) 

FPK~ ~ q rs A ~OR~ ALI?EO LOAD OURATIO ~ CURV~ 
DA TA PPK N~ R I 1. ~~~ C , .7714, . 67 14, . 6 143, 

+ .5429, .5175, .4921, .4667, 
+ .t.159, .39 ", .3 6 ~1, .~397, 
+ .2829, .2s ~ ~ , .2143, .164 3 , 
+ / ii<"l l': I 

' ! F t<.J T 1 = 'J P N T - 1 
DC i C ! P '\l T = 1 , N F ~IT 
PFKADJ(IP ~ T) = ALPK + <1.-AL F K)*PPK M OR(IP ~ T) 
AqEA = r. . 
OC ~': IP .' T=1, '!FNT1 
.t.PEA = A~EA + (FFKADJ <IP'IT)+PPKADJ CIP '\I T+1)) /2. * 

+ (~PY/FL 0ft T( N PNT1)) 
XLDPK = XL OAD I ~R EA 
r.C ~': IP NT= 1 , NF .H 
PPKACJ(ID ~ T) = ~FKAD J (!P~T) * XLDPK 
R nu q 'J 
P i D 

. 573 ,. 
. 4 41 t 
• 314 , 
• 1 ':: ': , 

-~ - " 
7 ' ·1 J 
7 ".'2 r, 
7 :. '\ 
7 · u 
7 5 .. ~ 
7 ' 0 ·2 
7 ·17 :1 

.., " 9 ·"' 
71 ' c 
7 11 ·~ 
712 :; 
71 3 _: 
714 ·J 
7 ~ 5 ": 
.,1 f. :' 
7 1 7~ 
7 1 8 ,; 
71Q C 
7 2 -, ~ 
7 21 .~ 
7 (2 .... 
7 =? 3 ': 
7 2 4 ... 
7 ? 5 !' 
7 26 (' 
7U 
7 -; E. 
7 0 



r 
c 
c 

c 

c 

i::: 

r: 
c 
c. 

c 
c 

c 

125 
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~ CB~ Cu r::: ~ E ne JEC T ( 2 BJ 

n8J ECT COM PUT ES THE ne JECTIV E FUN CTI : N 

C r ~ ,.,, C ' ! I C N T P L I 
+ 
c r "1 M r ~1 I D u R c v I 

+ 

• 
+ 
c r-:r.1c~~ /O UP.D S/ 

+ 

+ 

... 

'( ·. ·~ 
E' T I f>' E f ET I E ,_ ~: T,. 0 T , T I '<I E, ::: S T ~ A T , 9 l ,-
~ ' s T R ri , : s f. "' t-' , I p P. T x R /; ~· , . I D u R 0 • r: :: 
A CC S T ~ < 1Q ), A C O T ~ cfs,,c AP T H l1 C >,C A P n c1 ~ >' ~ - ~~ 
(' ~ ~ L I f ( ~ ': ) , F 0 ~" c ,.. ( " -.; ) , Fr q ( 1 .. ) , r E 0, T q ( : 1 ) , rn Du F ( 1 r: ) , ? '-. 7 ': 
: I"' ~1 r c 1 ,. > r 'II r i:- < 1 "' ) : q E p L c < 1 A > c s c r: P c 1 ·_ > , r r r q :. r < 1 - ) , ~ . e : 
R C O ST 0 (1~>,SfHE D (f 0 >,TL~ A D<~l),TLTCc1 ~ ), ? - o~ 
UC F. X P ( 1 f. ) , UC t', AX ( 1 i' ) e. UC Q PT ( 1 0 ) , V M •; T ( 'f "1 ) , V C' MC : ( 1 C) ? 1 ·. ~ 
AC QT(1(')

5
AC QTP(1 :1 ), t-0 M(1-·)iSCA l= (1 C),DGCAF(1 ,.. ), 53 1 6~ 

!ST AT(1 ,PQ 0~ (1 ~ ),SO.LV~L( 10 ) U(1 C), 8 1 7 ~ 
u s c s T ( 1 ~ ) • u T u ( 1 ,, } ' u T ! L c ( 1 ' ) • u f LL T ( 1 ,.. ) • . 8 ·; ~ :: 
VALD UR (1~),DVALDC1~),VALSERC1 ~ ),DVAL S (1 r ), E19 : 
VIUS~C1 "' ),VMA! ~ TC1 ; ), 82 : "' 
~ E P B S < 1 , > ! D E P V A L < 1 <'1 > , P T I B A S ( 1 "' ) , T A X ( 1 ; ) , A A V ( 1 ', ) ~ 2 1 '" 

C I-A C N I D U R E X I A C C S T ( ~ ~ ) /. ll ( 1 "' ) , D C 0 S T ( 1 ~· ) / 8 2 2 ·~ 
+ FC~C(1 r ),HC O ST(1 ~ ),V I rST<1 ° ),V ~N TCC1 ~ ) e 2 3~ 

C C' ~ M 0 N I S Y S E X I C P R , F U E L C ( 5 ) , H P Y , P. ~ l. ·, 
+ PPR,PQC O A L,PR C IL, R t Rf TI ~ V, R H O ,TAXRAT,XL D AD ~j6: 

Cf: . '"1( ~ /SYSVR/ Fi lR- ,TPP, CD .g'. 7 :" 

O I M E ~ SI C~ ~E°C1:) ~?7 2 

or 5 ~ I DUR =1, ~ DUP 
IF(IST ATCID UR) .LT.?) ,Q TO 5 :'"1 

~ . O K C~PRECIATIO N - SYD - <IE T HO O 
D EP~AT = C ~E PL!F(IDUR)-(T! M E-Cf.CQT(ID U R)+TLEADCIDUR))- D T)) I 

+ CDEPLIF<IDUR>*CDEPLIF<IDUR)+1.>12.> 
DEP<Inuq) = DEPAASCIDUR) * DEFRAT 
IFCCEFCI DUP) .LT. r .> O E~CIDUq) = ~ 
D EPV~L< I D U R> = DF.PV L( I ~UR> - DEP<I D UR>• ~ T 
. E P V A L ( I D IJ q ) = A 11 A X 1 ( D E P V A L ( I 0 U R ) , ~ • ) 
r: C ~!T I 'ltJE . 

C O~ PUTE CUST C ~ER PRICE, CPR 

;; 27 8 
8 2 8 ~ 
g? 9 r 
8 ~ "·: 
~ 31 -~ 

8 3 2 { 
Q. 7 7 e" 

~ 4i _; 
(~; 5 '.: 
8 36 " 
8 4 '1 r 
8 1+2 " 
8 4 :. ~ 
84 4 -

SU"' = ) . ~t+S f' 
~C 7 ~ I D UR=1, ~ DUR ? 4f ~ 
IF<I STAT<IDUR> .LT. 2> 0 TO 7 ~ e 47 ~ 
SU M = SUr-'· + RETI "I V*DEFVA.L(I D U ~ ) + (VICST(IDUR)*VIUSE(ID UR) 13 ·• 8"' 

+ + v ~~ TC(!OU R )*VMAI N TCIOUP) + F O~ C(!DU ~ )*~AF r ( IOLJQ ) 8 4 0 ~ 
+ + ~EP<I D U~) + PTI RA TCI9UR)*PTI8~S(~DU R )) 0 s ~ ~ 
+ * ( 1 • - !'.~ X R A T ) f 5 ~ ~ 

C C N T I N LI F 8 5 ! . f" 

- u~· = s u ~ + PFR*FI RG* (1.-T AX RAT) qt;:') " 
C F ~ = < S IJ'•' I X L 0 ~ D > I ( 1 • - T A X P A T> ~ c: . ,: 
r=FR :: C~R +. 1.1 -: p!:-7 -:: 
~ L C = J . >'~ R r 
Rt: V = ".I . 0 So': 

CNLY COSTS RE CONSI DERED I N OB JECTI VE FU NCTI CN 8596 
cFq IS ~C T USED TC VALUE ENERGY pP n o ~ CTI~ ~ 3 507 

CFRD = :; . 9 c: o13 
C' " 1 3 ( I D lJ R :: 1 , D U P. ? 1-, '~ 
IFC!STAT<IO UP.> .LT. 2 > GO TQ 13 0 e6 2 " 

I ~ C . ~E TAX ~A21 
TAX( ! CUR ) :: (CFR*HPY*U(!D UR )*GCAP(!OU P) - V !CST(IC UR )*V I U S~ ( ! O Uc ) 86) 2 

+ - v~~TCCIDUR)*VPA! ~ T(IDUR) - FO~CCJDU R )*CAF~C!DU R ) P~?3 
+ - PTI RA T<ID URl•PTI AS<I DUR > - DEPt.IDU ~ >> * TAXRA T e~ ? 4 
IF((TI ~ E-AC q T(I CU P)) . N ~. TLIC(ID UR)) GJ TO 12 5 8 ~ ~~ 
RLC = PLC + RCCSTC! DUR ) f5L ~ 
R~ V :: R ~ V • CPR D*HPY• UCIDUR>* GCAP<I DUR) - VICST(I DUR)*VIUS E CI DUR ) 8t5 r 

+ + ( VA L DUR (ICLJD)-1/ , 1TC(I DU P))* Vr·1 ft I'JT(I DUR) • R*SALl/AL(I DUF. > ~66C 
• - C ( ::- C IJ t) ) * V A L C U R C I U R ) * G C A P C I D U ~ ) - V 11 L '.) U R ( I fl L' R ) * I! S C S T ( I U P. ) ?- f. 7 r 

• - r orc <I ~ U R )*CAP ° Ci n UR) - PTIR A T(I ~ U9)* P Ti e dS( TD U q ) - T AX <I D UP ) ~ ~ ?\' 
C 0 NT P l U c- ~ 7 1 ' 

C C '1 P U T E 0 8 J EC TI VE FU 'J CT I !! ~ · - c A ::> T ~ 

RET UR'J 
:: ·: D 

f. 7 ~ ~ 
,Q ..., .• 

c. 7L 
0 7 c; ,-
~ 7t,{: 
~ 77 ~ 
~n e· 



c 
c 
c 

c 
c 
c 
c 

"" 'JC G 

1 ~ C 2 

1 ., ~ 1 
777 

1 Jc 3 

7 0 2 
c 
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~UBQ(UTI~E OUTPUT ( OB J ) 

PR!~ T GUTPUTS FROM S! MU L A TI O~ 

CCf'<'f"10N /C 'I F~ L/ 
+ 

c rM ~"iO' 
+ 
+ 
+ 
+ 

CCr-'MO A.1 
U:~MC'J 

+ 
+ 
+ 

+ 

/ DIJR CV/ 

/ DURO L/ 
/ !) URDS/ 

CCll-'MON /D UREX / 
+ 

C CMMO 11.J 

+ 
C fr-'MO~J 
C ( 11' ~ 0 N 

/SYSEX/ 

/SY SVR / 
/L DM IC/ 

G[ TO ?""; 

r:: TI 11 ~ f ET I :-.i E ,( . 1 0 T .t 0 T ~ T I 'Tr. I ST RA T , 9 -.. C i 
' '. ST RA , ~: SA r-• ~, IP t< T , .x. R .t'!. ' : , . ~'.) UR q '"' c c; 
A CCST C ( 1~ ), A CQT ~ ( 11 ),C AP T H(1 ~ ) C ~ P 0 C 10 ) 9 ' 6C 
DEPLIF(1~),F CM c~c 1 0 >,FORC1 1 ), H ~ATRC1 ),f ooUR (1 f )( 9 1 7 ~ 
IM •J T ( 1 0 ) , ! ~ T P ( 1 , ) f IR E Pl C ( 1 '' ) ,, F S C RP ( 1 '1 ) , PT Io A T( 1 } J , 9 : 9 ": 
RCCST CC1 1 >tSC HEDl O>tTL EAD<1 : >,TLTCC1 0 > 9 9·90 
UCEXP( 1 0 ), UC~~X (1 0 ), Ur0DT(~ 1 ),V M ~ T(1 • ), VO~ c r c1 c > 91 ~ : 
'I DEL,ICEL (1 :} ) ,DEL AV (4,1 •) 911 " 
ACQTC1 1'.1 >,ACQTRC1 'J >,F 01 (1 !'l ){ !. C /lPC11 ), DS C ~P (1 •~ ), c .. 2 r 
!S TAT(1 G),Pq 0D (1 0 ) S A LV A L( l~ ) U (1~), 913 ~ 
USCSTC~ C· ) UT1JC1 0 ) 6TILCC1 '.) ),UTILT<F), 9~L ·: 
V P L D U R ( 1 "' 5 , D V ·'· L D cf · ) , V ft L S E R ( 1 r ) , D V A l S ( 1 .; ) , 9 1 5 " 
VIUSE(1 ~ >,V~A I ~ T<1 0 >t . 916 ~ 
D EP BA SC 1C ),CE PVAL(1" ),PTI BA SC1:l,TAXC1:),A ~AV C1-) 917~ 
accsrc1 ~ >,oc1 ~ > o c ns rc1 ~ , 91e ~ 
FO~C(1 0 >,RC OS T(fn ),V I CST(f ~ ),V ~N TC(1 ~ ) 919 0 
CPP,F UELC CS> , HPY, 92 · C 
FFR~PRCO A L 6 P RO IL,R, R ETI ~V , RHO ,TAXRAT, X L C A D 922 ( 
~T ~K G,TFRO 92? ~ 
ALPK 9 CPPK 9 NP NT,PPKA DJC21) 9 XL DPK 9232 

9?4 t:' 

" UTPUT HEC..DI NG 
9 2 5 (' 
<;' 2' c 
9 2 7 r: 
9 ? g:: 
920 0 
9? 92 
93 :· 0 

Ell.J TRY OUTHO 
If(IPRT .E Q. J ) GO 
WR IT~ C6 ,1 ~ 0C > 
F0RMAT(54H- DUR 

+ 6 '"'. H ANAV 

CCN TI NUE 
Q~TUR ".' 

TO 6 "IJ 

r; CAP 
F P'JO u 

Sill VAL 
UC UT 

VA.LSE R 
VIUSE 

DVAL 931 
V M A Pl T ) 9 3 2 ) 

933 '.'.' 
9 33 2 
9 ' l (' 

! F(!PR T . EG . ~ ) GO rr 7~2 
' !R ITcc6,1 ~C 2 > TH·: 

97:42 
9 ". " ' 9 ~6 ,. 

F ~ R ~ AT( 6HC TI ME
6

F7.2) re 7 7? IOUR= 1 ~ UR 
IFCIST•TCI DUR 5 .LT. 1> GO TO 777 
WR IT E C6,1 CC1 > IDUR, GCAPCIDU R>,SALVALCID UR l,V ALSERCIDUR >, 

+ DVALS (I~ UR ),A ~ AV(IDUR)<PR C~ CI DUR) , U (!~ U~ ), UTIL CC I~UR) , 
+ UT! LTC IQUR ),V !U5 ECI~UR JcV MAI~T CI OUR ) 

F O R~AT<I8,6:12.4,3rs.3,2~1~.4> 
C C''IT PJUE 
WR ITE(6~1 ;03 ) Oe J~XL OAO ,TP RDD ePI ~PG ~C PR , PPR6FRO IL, FRCOAL ,C FFK 
fORM"-T( c H OB J ,F"i:::-') .4/ 6H L 0A D ,F 20 . 4 / ~H T0 .D,1=2 0 .4/ 

+ 6H PI ~ R,F2 1 .&/6H CPR 9 F? J .4/ 
+ ~H PPR ,r2 ~ . 4 / 6H OIL ,F 2~ .4/ f.H C0AL,F2 ~ 1 4/ + 1~ H CAP/PEAK,F16.4) 

CCNT INU!= 

P ETU RN. 
~'J O 

9 , .., .. 
9'"> .:;:. 

9 79: 
9L .. 
941 [ 
94? :· 
9 4 ~ ~ 
944 f' 
9 &5 ': 
9 ~ I • 

9Lt7 "'. 
9 4 8 '~ 
9&~2 
9£.9 .~ 
9 c ··n 
9 5 • :-:-
0 5? ~ 



c 
c 
c 

c 

c 
c 

1 ~ 11 

c 
r: 
c 
c 

c 
1 5 ' 

2CC 
c 

S U BR C U T ! ~ E S AL VGE 

EVAL UA TE FCR SALV AGE TI ~ E 
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C USER SUPPLIED > 

~ ... ~ .) 
1 ' ' 1 ·:· 
1 .., ' 2 C' 
~ ""' ··. 3 0 

C C ~ "1 0 ~1 I C T o L I 
+ 

e T Irff f ET !'A E .£ t\' 0 T l: 0 T , T I •1 E , I S T R A T , 1 . · "' 4 0 
'! S T R &. , :' I S A. r-' t-' !. I P 1< T / X R I\ • ! , ~ D U R 1 ... •" 5 ( • 
A C C S H J < 1 C > , .~ l. a T ,., Cl G > , CA. a:: T H < 1 C' > , C AP 0 < 1 {)} , 1 ' 6 :: c c ~ M C~ / DUR CV/ 

+ C =PL I F ( 1 0 ) , F 0 M C "' ( 1 ("\ ) , F 0 q ( 1 ' ) , ~ EAT R ( 1 ) ) , I D DU R ( 1 .: ) 1 "' '~ 7 ·• 
!~~ T(1 0 ),I ~ TP(1 ~ ) 1 I R E 0 LCC1 ~ ) 0 PSC R PC1 0 ), F TI R ATC1 ~ 5,1 ~~ f ~ 
RC OST " (1 i ) 9 SCHE £) C-1 >,TL=ll D<1 >.TLTCf1 ), 1 '"' 0(• 
U CEX P C1 C ), U C ~ PX(1 ~ ), U C O P TC1 0 },V M~ T( ~ ), VQ~ c : c 1: ) 1 : 1 ~~ 

+ 
+ 
+ 

C f' MM C ~ 
c crn"'C"l 

+ 

/ CURO L/ 
/ DURD S/ 

CEL,I OEL(1 !"\ ),0ELAV(4,1 " ) 1 ' 1 1 :.' 
ft C QT ( 1 ': ) , AC QT R ( 1 :J ) , F 0 M ( 1 ~. ) c C ~ P ( 1 ) , D G C AP ( 1 :. ) , 1 ., 1 2 . 
I S T :\ T ( 1 0 > , P ~ C D ( 1 '.' ) , '3 ,'J, L V A L C ! J ) , 'J ( C > , 1 ., 1 3 0 
US CST('' J ) , UT f-1 (1 ) UT I '_CC1 •/ ), UTILT(1 : ), " . L·: 
V AL 0 U R ( 1 ·. ) , 0 V Al D ( f ') ) , VAL S E R ( 1 " ) , D VA L S ( 1 " ) , 1 ·~ 1 5 .--. 
V I U S c C 1 ,. 1 , V r"' P I N l < 1 • > , 1 ., 1 f:. " 
D EP B A S C1 " ), [) t PVAL(1 J J,P T I Bii. S<1 0 ),T AX (1 ~ ), i; , .4'J C1 "' > 1 ·1 1 7 0 

+ 
+ 
+ 
+ 

CC"lM C'I 
+ 

/C UR EX/ ftCCST(1 "'.'; ) 0(1 C) DC OS TC1 '' ) 1 ' 1 8'.' 
F0 r-1 CC1 ~ >,RC O ST(f ':' ),VICSTC{ C: ), \l't1 N TC(1 '" ) 1 -. 1 9 ·. 
CPR,F UELC(5>, HPY, 1 ~z .. o C Cr>1M 0 f\I 

+ 
/SYSEX/ ~PR,PRC OA L,P RO IL,R, R ETI ~ V, R H O ,TAXRAT, X L O AC i - 2 20 

1 ~ 23 ~ 

Df 2~0 IDUR=1, DUR 
IHI S TATCI U P.). ' ~. 2 ) GO TO 2 . 
IF C(TI ~ E- ~ T ) . EG. (AC QTP CI OUR Y+TL EAD CIDLJD ))) G~ TO 2 ~c 

CH ECK IF M ~ qG I N A L R ET UR ~ EXCEE DS A~ ~U AL!ZE O AV ERAGE 
CF OR I RTCL = 1 > OR SAL VA GE VALU E ~f ~ q !q TCL = ~ > 

A AV (ID'J ) = VAL~E R (I CU~ ) '* ( P. HO I (1.·E X PC- RHO ~<TI M E -
+ ACOT ( TCUR )))J) 

IF { IREPLC CI DUR ) . EQ . ~ ) A. AV( ID UR) = R * S ALVPL(I OUR) 
!FC DVALSCI DUR) . er. ~ N AV < IDLJQ )) GO TO 2 ) ~ 
I C(I CELC IDUR ) .LT. ~ D EL) GO TO 2 ~ C 
T r T = : . 
DC 1 3 5 I=1, '~ Df. L 
TCT = TOT + DE LAYCI,I DUP) 
CA VG = TGT I ~D EL 
I F (~A V G . GT. A ~ AV(I DUR )) GO TO 2 JJ 
I F<U<I DLJ R) . GT. :. v5 . A ~ D . I REPLC<I DUR > . EQ. :> SQ TO 2 ~ ' 
WRIT E <5 ,1 :: 11) TP' E,I DUR 
F O R~ !T ( 8 U TI ~E F6 .2 9H FLA T, I3 ,14 W TG EE RET I P ED) 
W R IT Fr6 ~1 n 1 3 > G C A ~{I D U~>1V A LS E RC I DU R ), ~~A VCI D U R ),DVftL S ( ! D UR ) 
F 0 R ~ A T ( , H + (, 4 r, X f 4 H CAP , !: 1 C. • 4 , 8 H VA L, ': 1 2 • 4 , 8 1-i A ' I AV , E 1 2 ., 4 , 

+ ~ H C IA L,_12.4) 

CHECK R E P LACE ~ E ~ T ST RATE GY 

I FCI RECLC( IOUR ) .E G. 1 ) GO TO 1 5 ; 
"J C: li '= PL d CEl\1 E. T 

I SP.T (!') Uq> = ~ 
GC TO 2 . C 

'iEPL ~ C E WIT H I DE'TICAL U ~ I T 
f\C QTR (I 9UR ) = TI"' E 
I S T ~T (I ') Uq > = 3 
c c~n I .1ui: 
R ETU R ~ 
~N D 

1 '. ?. 4 0 
1 ~ 2 SC 
~ ~ 2 6 0 
'! , 2 7 '} 
1 - 2 7 s 
1 ' 2 8 0 
1 '"Z9 ':' 
1 ' 2 9 5 
1 "' <: (\f"1 

~ ~ 3 1 .; 
~ . 3 " '." 
1 · :.3 '._' 
1 "' 3 4 0 
1 f"' ~ s. 
1 .· : 6 
1 . 3 7' 
1 - :. e~ 
" .. <: G . 

1 •"' L. c 0 
1: 4 C2 
.., ,. 4 "" "-
1 ·: 4 1 :· 
1" 4 2"· 
" '" 43 0 
1 ' 4 4 " 
1 . 45 0 
1 .~ 4 6 12 
~ ". 4 7 0 
~ ~ 4 E .' 
1 4 0 .} 
~ "5 : 0 
... - 5 1 ~ 
1 -c;z " 
1 ~ c: 3'~ 

1 ~ 5 4 " 



(' 

r 
r 

r: 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
r: 
c 
c 
c 
c 
c 
c 
~s 

E7 

c 
c 
c 

s :c 
1 ~ 1 4 
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SI JE:RC UTi i'i E S P 'ID ( f:E~ J ) 

S ! 11A I IJ A I S A G E ' IE P AL I Z E 0 '" ':: D EL r.: r R I •,•\IE S T / E ~ ! T 
V !D 9!S:'.:~!VESJIAF. ~H o,r' ALY SIS . IT CPf.R AT ES GIVE"! t. 
PRE - SFECI FTED ST RATE GY AND A SET _F E X O G E~ n u~ 
VARIAP LES D ESC~I 0 IN G A S T A T ~ nr NATUP F. 

1 1 - .; ~, 
11 . 1 ·~· 
1 1 2 " 
1 1 ' 3 ·~· 
~ 1 .·. 4 /.., 
1 1 c:; '.'1 
" 1 · 6 r: 

c c ~· "1 c ~J 
+ 

/C ~ T R L/ R TI M F,ETI M E , ~ DT, D T,TI ~ E , !S TR ~T , 11 · 7 n 
~ STR A T, N SAMP.IPRT 9 X RA~ 9 N DU R 11 ~ 8 0 

CCr< MCN / Ol!RCV / 
+ 

PC CST ~ c1~>,~CQT ~ c1 ~ ),CAPTH(1 ( ), CAF ~ c1 : > 11 " 9 ) 
D EPL!F(1 ~ ) F QMC~( ~ ·:) ,~ 0i:\ (1 •" ), 1-I EATq (1 "· ),f c. c u o c 1 ) ), 111 : ") 
Ir-' NT { 1 <:) , I~ T 0 { 1 I) } , IRE 0 L C '. 1 ~ ~ , PS CR P ( 1 "' ) , PT I ~ to T < 1 .- > , 1111 '' ... 

+ 
+ 

RC0 S T:} (1C), S CHED (1 <')) ,TLE AD ( 1 C ),TLIC(1 " ) 1112 :' 

C CW10 N 
c ! "'. "' c l'..j 

+ 

u c Ex r c 1 ·! > , u c f-.1 .Ax c ~ .: > , u c::: r> T c 1 "" > , v M T c 1 ' > , v o rt c ~ c 1 .J > 1 1 1 3 "' 
/ DURO L/ \'l)E L,IDELC1 0 ), DE LAY(4,1 "'1) 1114 · 
I D '.JR D S I P. C QT < 1 , > , AC QT R C 1 ·J > , F 0 M ( 1 ~J >. G C ~ P ( 1 :J > , D G C AP f 1 :: >, 1 11 5 ".' 

IS TAT ( 1 0 ) , FR r; D (1 ':i ) , Sf> L VAL ( 1 : ) , U (( ~ ) , " 11 6 '": 

+ 
+ ... 

usrST(1 0 ),UT H C1 0 ) UTILC(1 0 ),U TI LT<1 , ), 111r 
VALDU R ,1 " >,DV ~. LD-cf ~ >,VALS ::R (1 ' ) 9 DVALS<1 C> , 1 11 8-, 
VIUS E (1 0 ) V"1AIN T(1 t; ) 1 119 ~ 

CC~MCN 
+ 

CCMM CN 
+ 

CE 0 BAsc115,cErvALC1 " 5,PTI BAS C1 " >,TA XC 1 c >,A N AV C1 ~ > 11 2 ft 0 
/ DURE X/ HCSTC1~) D(1 1"1 ) l)f.f1ST(1:)) 11 2 1 ~ 

FQMCC1C>.~C O STrf a J,v~csrcf ~ >.V M N TC<1 1 ) 112 2 ~ 
/ SYSFX/ CFR,FUELC(5),HPY, 1123 

F PR t: P ~ C 0 AL LP R CI l , R , R ET I ·. V , R 1-1 0 , TA X RAT , XL 0 A Q 1 1 2 5 ;_; 
c [ 1"11'110 •i 
c c rw-r~ON 

/SYSVR/ PI KS,TPR Ou 112 6 '. 
/L DMI C/ ~LPK,CPPK,~P N T,PPKA D JC21), LDFK 4 127 C 

1120 ~ 

INITI ALI ZATI ON 113 ~ 0 

CALL INDAT 
~CT = CETI~E-BTI~El/OT + 1. nc 1 
TIM E = RT!"'E - DT 
OBJ = O. 

TI "1E L OOF 

CALL OUTH D. 
T)( 5~ C IDT=1,NDT 
TI1'1E = TI ME + OT 
!f(IDT .En. 1) r,c TO 8 5 

COMPUTE OBJECTIVE FU CTI ON 

CALL OR JECT ( OB J ) 

UFOA TE STATf VARI AB L~S 

Cr LL ST .~T E S 

EX OG OBTAI s VALUES OF EXOGE ~ Ous VARIAR LE S FCQ THIS rT 

CALL EXO G CI !H ) 
!!=<IDT . EQ . 1> 
c all SALVG E 
C: C''H I ~UE 
C ~ LL ACQUIR 

GO TO 8 7 

CGMPU TF UTILIZATI ON BY DURABLE AND D~ T E q~ I ~E ~AI ~ TE N A JCE 

CALL UTU'.N T 
cnL rJ uT PUT < oe J > 
CC /\JT I "'!L' F 
W~ ITE (6 1 C14) TI !v.E 
F O R MA T< ~H TI ~E ,F 6 .2) 
~ C 6 ~C IDUR=1 ~ DUR 
IFC!STATC!CU~~ .LT. 2 ) GC TO 6 ~ 0 
HPIT~(6 1~15) IDUR 
F O RMAT<f8X,SHPLA~T,I3> 
1..J RI T ".: ( 6 t 1 C 1 3 ) G C A.F (I [) lJ R ) .c V A L S FR <I D U ~ ) , A · 4.. V ( I D U R ) , D V A L S ( IO U P ) 
F OR ~ T ( t H +, t,r, x,4 11 C A F,E1 c. .4, .~H 'l .ll..L , '::12 .4, E!-! A" AV , E ". 2 . L. , 

+ ~H r.V AL, t 12.4) 
CCNTPJUE 

R ETU P "'I 
E 'D 

1 131 " 
1 132 ... 
117('.I" 

' I -' _. -

113 4 0 
1 13 5"' 
"1 !6 C 
... 13 7 .~ 

1 13E : 
1 1 3 9 ~ 
., 14 1 C 
., 1 4 1 
114 2C' 
1143 (' 
1 144 •~ 

1145 !"' 
114 6 -
114 7 ~ 
1 11· 8 ·
~ 1 4 9 . 
1 1 5 -: ( 
1 1 5 1 -
1 1 '.'\ 2 .~ 
... 1 c: "?: -, 

1 154 ;. 
1 1545 
., 1 s 5 _-. 
11"55 
115 6 . 
1 1 5 7 { > 

1 1c:; ~." 
~ 1 5 o .~ 
1 1 ~ ·- ... 
11 6 1 ~ 
11 . 2 ( 
1 1 "' 7. ,. 
1 1 . z . 
1 1 65 .. 
1 1 £· 6 r 
1 1 ~ 7 -
.. i ~. e ~ 
... 11. Q ." 

11 ,92 
1 1 t: 0 4 
1 1 7 ":: 
1 171 
... ~ -:-2 ' 
11 7 :: " 



c 
c 
c 

c 
c 
c 

( 
c 
c 

c 
c 
c 

c 
1~ c 
c 
c 
c 
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SU ~ PCU TI ~E S TATES 

CCM P LJ TE STATE VA RIA BLES I N THE SYS TEM 

1 ?. r (-
12 ~ 1':' 

1 2: 2 ') 
1 2 ~ :: :;' 

C C ~ . 0 N I UlT R L I !3T I M E ET I IA E ;~ D T , D T , T I M f: I S T R A T , 1 2 ' 4 f' 
+ •.1 s T R .\ f ' ': s A ,.., ~ ' I p ~ T ' )( R : ' ! ' N D u R 1 2 ., 5 ~ 

C C~M C N / DUR CV/ ACCST ~ (1 ~ ),AC O T 1 (1 : >,CAPT~C1 ~ ) CPF n (1 · ) - z ~ t · 
+ CEPLIFC1"),F O ~ C ~ C1 ~ ),~ 0~ (1 1 ), H €AT R (1 ~ ),f n cu P C 1 t ) .. 2 ~ 7 ~ 

I~~ T(1 ~ ),! ~ TP(1 ~ )r IR EPLC(1 ~ ),DSCRP(1 0 ),PTIR A T(1 ~ 5,1 2 r ~~ 
+ 
+ 

C C "'~CN / DU ROL/ 
C 'J MM C~ / DIJ RDS/ 

+ 
+ 

R C 0 S T 0 C 1 0 ) S C H E D C ·1 'J ) , TL E A D < 1 ) > , T L I C ( 1 :: > t '! 2 9 0 
t:CEX~(1 :.J ),.U O'A XC1 " )'-U CQ 0 T(1 ; ),V ~".I TC! ': ), V C r-< C :-: (1 ~ ) 121 ( 0 
ND EL,IO E L(1 ~ ),DELAYC4,1 ) 1 2 .. 1 ~ 
A C QT < 1 C > ! AC G T R < 1 : > • F 0 M < 1 ., > , G C 4 P· ( 1 ~ > , D t; C AP C 1 ~ ) , 1 2 1 2 r, 
!STAT( ~ J,F R"~ C~ 0 ),SAL VA LC1 ~ ), U (1 ( ), .. 213 ~ 
USCST(1 : ) UTµ (1:) UT !LC(1 " ), UTILT(1 1 ).,. 1214 ~ 
V~LDUR(1~f,ov ~ L ~ Cf : >,V A LS ER (1 : >, CVALS(1 7), 1215 0 

+ V I U S E ( 1 J > , V M fl. J ~~ T < 1 '! > , 1 2 1 6 ·: 
+ ')EPBA S(1 0 ,_ ['EPVi\ U1 1 ) ,PTIBAS(1 ~ ),T .AX(1 ; ),A At ( 1 .' ) 1 2 .. ? •:' 

C CM l"4 C N I D U P r: X I A C C S T ( 1 ! ) ,_ u ( 1 . ) r 'J C 0 S T ( 1 ~ ) r 1 2 1 8 ·) 
+ F0MC(1 r:. > 9 KC QS T( l.; ) 9 V:1:CSTC1 '~ >,V M~ TCC1 ) ) 1219" 
cc~~c~ / S YS EX/ CFR,F UELC(5), HP V, 1 22 ~ 0 

+ F PR,FQCOA L,F ~C IL,R, R ETI ~ V , R H n ,TAXRAT,XL O AD 1 2 220 
1 2 2 '1: : ... 

DC 1 ~0 IDUR=1, 1 DUR 122 4 ) 
IFCISTATCI DUR ) .LT. 2) GO TO 10 ,. ~225 ': 

UPDATE VALUE CF SERVICFS 
1 ;:: 2 6 ') 
12?.? 1~ 

12 28 '"· 
DVALS fIDUR) = CFR•HFY*U(!DUR)*GCAFCIDUR) - VICSTCID UR )*VIUS E(I DU R)1 229 0 

+ + CVAL CUR (I CUQ )-v ~·nc<IDUR ))*'.I M A! ~ TCT O U R ) - R*SAL V ALCI CUR ) 12:: -:i o 
+ - D <I DUR J•V~L DU R(IDU R) * G CAPC!~UR) - V ~ L D U R (!DUR)*USCSTCI UR) 1231 ~ 
+ • FQ1 C(I DUR )•CAP O(IDUR) - PT! RA TtID UR>• PTIBA S<ID UR > - TAY (!D UR >1232 0 

VALSERCIDUR) = VALSERCIDUR) + (OVAL S CIDUR )•DT) 1 2 :3 ~ 
+ *~XPC-RH O *CTI ~ E-AC O T(I DUR) )) 1234 ~ 

I DEL<ID UR > = t'1 IN C ( ND ELtIDELfT DlJR J+1> 1235 ~ 
DC 3 C I= 2 , M"EL 12 36 ~ 
OE LAY<I-1,I DIJQ ) = DEL AY<T,I DLJO ) 1 237 " 
':'E L t, Y C ' ! 1) EL , I C' UR ) = D VAL S ( I DUR ) 1 2 '!. E ·~ 

~ 23 0 "\ 

UPD A TE CAPACITY ~24' 0 
1 ?. 1.1 " 
1 21..2 ~. l)t.; CAF CI DUR ) = V MAI~H ( !DUR ) - USCST( IDUP) 

GCAP <ID Uq ) = GCAF<IDU R> + DGC~PCID LJR )•nT 

UPDATE MARKET VALUE CF DURABLE 

DVA L D CI ~UR > = -D<IDUR> * VAL DUR <IDU R> 
V~ L DU RCI DUR ) = V~LDURCir. U R) + DVA LDCIDU R)• DT 

er ITI NUF 

C O~ PUT E SALVAGE VA LUE CF FLA ~ T S 

r 3~ , IDU R=1, . DUR 
IF<ISTATCI DLJ Q) .LT. 2> GC TC 35 ~ 
S~LVALCID UP ) = VAL DUR CI UR )* GCAPCI DUR ) - DC OST(I OUR)*CAF C(I _UR ) 
cC•J TI ~UE 

R:: TU P.'ll 
F: ' D 

1243 :' 
1 ?.4 4 ~ 
1245 " 
1 2 t. b --: 
1 24 7 .' 
1?.4E " 
1 2 '3 6 ' 
'! 2 5 7 .. 
1258 ~ 

1 259 " 
.. 2 ~, ~ c1 

1 21-.1 ·_ 
1262 ~ 
! 2f 3 ·:' 
A2 6 4 -, 
1 2 f:, 5 ~ 
~ 2 6 l ·~· 
1"? f., 7 , 



c 
r 
r 

c 
c 
c 

c 
c 
c 

c 

1 ) 
c 
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SL.:9R':'U T1'·! f STRAT 1 ' . ,;", 
1 :'. • 1 r 

1 ~ 2 , 
3 ' -~ -

C:. r" :"lC\I /C 'n RL/ 
+ 

P T I M E E T I ·~ E ' / ['I T , D T , T I "' E , I S T '? A T , ~ ~ 4 ' J 
"· S T R A f , '; S Ar" P, I r 0 T X (( A.' ' , \) [I U" 1 3 5 c P"VI c ' j I D u p c v I 

+ 
eccs r ~ c1 r ), !C Q T - cf~ ),C AP T H C1 ~ ), Cfa P " ( 1 ~ ), 1 ~ t ~ 
D EPL!Ft1 ~ >,F Q N" ( C1 (1 ~ >, F(l l.((1:J , Hc i\ Tq ( 1 " ),I Du URt1~ ), 1:, ? ' , 
I ~ ' J T ( 1 1 ) , I N T c ( 1 r. ) I R r: PL C ( 1 ~ ) , ;;; S C P F ( ~ .--, ) F T I '< A T ( 1 ' ) , 1 ~ . ?' " 

+ PC0 S "' f' (1 ':'! ) S C f-l E~cf , ),TL EA0 ( ~ ·1 ),TL TCC1 .. ), 1 ::- <; _) 
+ L' C>:XP (1 >,UC ""~X < 1">,.UC0°T < 1 1 >, V "' ' I T(1 :. >, V 0 "'. C ~ <1 ~ ) i ~L '~ 

C[' r-IC N / DUP.D-S / ACQT(1 '."•)fAC l1 TR C1 1 ),c 0 1" <1 )) ! G C A F(1":) , ~G C A. P(1 ' ) , 31 1 ' 
+ I S T A T ( 1 :', J , F R Cl 0 ( 1 .- ) S t. l '/ .A l ( I ~ ) U ( 1 .~ ) , 1 3 1 2 
+ USCST(1 J ),LJT U(1 '.' ) UTILC(1 }) , Uf I LT(1 - ), 1 3 1 3 ' 

V .!. L ~ tl R r 1 0 > , D VAL 0 < f ~ > , V ,, l SC: R < 1 ': > , D VA l S < 1 ,. > , '1 3 1 4 
+ V!USEC1 ~ ) v~·1A I 'l! T(1 ,; ) 1:.Z, sr 
+ C E Pf3AS( 1 -'~ ) 6 o E P VAL(1 ~ ),PTIBAS C1 ~ ),TA X (1 . d,A AV (1 '. ) 1 3 16 '' 

CCMMQ"l / DUREX / ACCSTf1 " ), (1 _ ) DC 0 STC1 ) 13 17 •_. 
+ F 0 r c ( 1 C) , R c cs i d 0 ) v I cs T ( f . ; ) t v ~ N T c ( 1 •}) 1 3 1 e,.. 

0 I i" E ~~ S I 0 I T ( 4 ) , C F ( 4 ) , H R ( 4 ) , 11 C ( 4 ) , 6 l ( 4 ) , T L ( 4 ) , R C ( 4 ) , F R ( 4 ) , S P ( 4 ) 1 3 1 9 •' 
r; p•Eo..isro i..• PS(4),FI(4)6TD(4),FC(4),CT(4), lJ , (4), IJE (4) . 13192 
D ! ~EN sr o • rsDuR<S>.rs D<S,5>.XSAT<S,.5> 13 1 q4 

DqA 
DA TA 
C .llT A 
'JATA 
DA TA 
DATA 
DA TA 
r'J ATA 
DAT i\ 
DATA 
DA TA 
DA T A. 
D,'f I\ 
DATA 
DATA 
DA TA 

CATA FOR F~OJECTED FLA NT SIZES 

I T I 2 , ?., 2 , 2 I 
CP I ?~ c ., 4: ~ . t nc ., e ~ • I 
H~ I 1 ~ . E ~ , 9 . ~E6 , 9.6E6, 9 .5 E6 I 
AC I 1.1 5E6 f. 1. ~ 5Et, ~ . 95E6 , 1 . 8 5E 6 I 
DL I 34 ., 3 ., 3 4., 34. I 
TL I 34., 34., 3 4., 34. I 
RC I · .5E 6 , ~ .SE 6 1 ~ .5 E6 , C.SE 6 I 
FR I .1 " , .1~, .11, .12 I 
SR I .1 3 , .13 9 .14, .15 I 
PS I . 25 1 . 25 -< .25, .25 I 
PT I . ":' 21.t. . ':: c1, . :: 21, 21 I 
Tn I 7., r ., ~-, 9. I 
FC I 16 . 0 E3, 14.7~3, 12 .6E3, 1 >.4E3 I 
CT I . 8G , . 8C , .e c, . 8 ~ I 
U~ I 1., 1., 1., 1. I 
UE I 2., 2., 2., 2. I 

CATA FCR STRATEGIES 

~ATA IS DUR I 4, 5, 5, 4, 4 I 
DATA !SDO I 2, 3, 3 , 4, 0 , 

+ 2,2,2,2,4, 
1, 1, 3 , '3, 4, 
3 , 3, 2, £., ~ , 

+ 

+ 3 , 3 , '3, 3 , ~ I ,. DllTA XSAT I :., ?. ., 12., 2 ':' ., 
-+ : ., 2., 6 ., 1 ... . , 
-+ ., 2., t.., 12., 

, . , 
2 ".' - , 
2 ,, • , 

of. 

+ 
~ ., 6., 12., 2 ~ •• 
·~ ., 6., 12., 2 -: ., 

UL = . 8C 
~STRAT = IST RA T -
IFCKSTRAT . GT . C) 
KS TqAT = ISTRAT 
LJI = 1 ~" 
C ONTINUE~ 

5 
GO TO 1C 

~ CUR = ISCU R CKSTRAT) + 4 
D~ 30 IDUR= 5 , ~D UR 

'.'l .' 
C . I 

I MTP<IDUD> = IT<ISDD<ID UR-4.KST AT >> 
A CQT~CIDVR) = XSAT(IDLJD-4, KS TRAT ) 
!S T AT <IDfJ 'i ) = -1 
C~P 1 CIDU R ) = CPCIS DD (! DUR -4, ~S T R A T)) 
~E'TRCID UR l = HR <IS DDC!DUR-4tKST RA T>> 
ACCST~(IDUq) = ACCISDD(IDUR-4,KSTRAT)) 
CEPL!FCIOU 0 ) = Ol(IS OD CID Uq -l,K STq AT) ) 
TLICCIDUP) = Tl(!SDD(!DU R-4, KS TRt T)) 
R C O ST ~ CI ~UR > = RC <I SOD {! DUR-4,KST RA T>l 
FORCIDUR) = FR(ISDDC! DUR -4,K STRAT )) 
SCH ECCIDUR) = SR( ! SDD CIDU R-4, KSTRAT) ) 
PSCRFCIDUR) = PSCIS~~(I~UR-4,KSTRAT)) 

1 3 19 ~ 
4 <:~9 e, 

1 3 2 .-.: 
1 ~.., .• .., 
I -> !.... (_ 

.. : . '.' 4 
'!3 2~6 

132 '.'~ 
132 1 ( 
... 3 212 
1 32 14 
13 211) 
132 18 
~ 3 2 2 "\ 
" 322 2 
13 22L. 
13?.26 
~ 3228 
.. 32: 'J 

1 2 32 
1323 4 
~3236 
13238 
1324 ' 
1 3242 
1 32 4.!. 
~ 32 46 
1 32 4 13 
1 3 2 5 ' 
13 ? 52 
1 32 54 
13256 
1 3258 
~ 3 2 "i ·, 
13262 
13264 
13266 
1 3268 
'! 3? 7 ::' 
132 72 
13?. 74 
13 27 6 
132 7 i:i 
~ 32 8· 
1321:2 
1 3 2 ~4 
13 2e6 
132 ~ 8 
1329 ' 
1 3?9? 
.. 329 l 
1 329~ 
~ :52 9 ~ 
... 3 ro 
"! 33 ~ 2 
1 3~ ': 4 



3" 
c 

59 

i: T n tJ T {'1: 0 U o ) = FI CI SC C <I D U q - l ,K ~ T P. AT ) ) 
TLEtD (I OUR ) = T D CIS ~D C IDUR -l, KSTR~T) ) 
F C MC~ <I ~R > = FC<!S DD (!~ U R -l,~ST QA TJ> 
UP TJJCI" t.:R ) = !'TCISDD(ID L' Q-1,,t'.STl~ AT)) 
u c~~x (! DUR ) = u~C I SOD(IOUQ -l,K~T Q AT)) 
UCEYF (!~ UR ) = UE (!S DD C! QUR -4, ~ ~TR~T)) 

or 5~ I~U R =1, N rUR 
! I" t.J T ( I D U Q ) = 1 
v~~ T(!l)UP) = . 99 
I R!:.PLC<I DIJP > = 1 
!F(l~TP(IrU R ) .E G. 1) I EFLC(IDU P) = ~ 
UCOF T C!OU R) = UL 
WR ITE<6t1~ CO > ISTRAT,<IDUR,CAP~<IDUR>,AC Q T ~ <I DUR >tUC G PT<I DUP> , 

+ I . UR= 1 , ~J . IJ R ) 
FCR M AT(1 CH 1~T R AT[GY ,12/ 

+ l1H D C A P ~ ACQT ~ UCOPT/, 
+ 5<7H PLA~r.12,2x,F1 0 . c ,F1 .2,F1 .4/)) 
RE TUR~-1 
c- -; D 



c 
c 
c 

5 
c 
c 
c 
c 
c 
r:. 
r:. 

1 j 

c 

12 
c 

18 
c 

SUPP C U T:~i:: IJTL" ' T bO 11.,. ~ . : r 

1 4 1 0 
CC :"1 °U TE R AT ~ S Ll TILIZATI " ~ P~D ~A r ~ TE ~A \CE ( U SE ~ s~ ~ F LI E n ) ,4 - ~ 

14 '?: r 
CC 'A "' C ~: I C ~ T PL I :: TT :>~ E t ET I r E , " D T, fl T , T I i" E , T ST RA T , 1 4 . 4 -, 

+ • sT R AT , ~ sft~F ,I PR T , X ql~ , ~ uQ 14 ~ s c 
cr~ 11c~ /c uo cv/ ~CCST " ( 1 "' ), A C 0 T - C 1 ': ),CA C TH(1 ~ ), C P~(~ :: ) ' Lo ·-

+ (' i: P L J F ( 1 " ) , F (' :.· C "'I ( 1 ". ) , ~ fJ R ( 1 ~ } , H E A T o ( 1 . ) , f '.) D U R ( 1 - ) , 1 l. • ? · . 
+ 
+ 

'. r·· ' ! T ~ 1 ( > , I N T P { 1 1' ). t I R :: PL C ( 1 ( ) , F S C ~ P ( 1 ,. > t F T I t:' A T { 1 . l , 1 4 · ,o ', 
F C r; S T '.": ( 1 n ) , ~. r H E D ( 1 0 ) , T L E o. D f 1 ·~ ) , T L I C ( 1 ' ) , 1 4 · o ~ 

• L c Ex r> < 1 c > , l.! c "'. Ax < 1 - > , u r 0::: T < 1 , > , v ~ .. ~· T c ~ ... } , v r ~ c ·' c 1 -: > 1 4 1 ~· ,._, 
CC1"'"1CN / DURDS / ACQT(1") 5 AUlTP(1 ),r ·::- ~~ c1 : ), t; C AF C1 : ), ~!;CA P (1 . ), 141 1 "' 

~ I S T A T C 1 ,, , P Q C' D ( 1 ~ ) , S l\ L V !\ L c 1 : > , U < ~ ~ > , 1 4 1 2 -
+ l.! S C S T ( ~ 0 ) U T f-: ( 1 !"1 ) U T I L. C ( 1 ~ ) , U T T L T ( 1 C ) , 1 t. ~ 3 . 

V .AL DUPC 1 " 5, r> 1 P.. L D(~ ': ),VA.L S ERC1 ': ), 0 VAL S (1 - ), 1 414 ' 
+ V I U S E ( 1 ) ) , V '1 P. I ~1 T ( 1 C ) t 1 4 1 5 ,.. 
+ 

+ (' f P 3 A S ( 1 ': ) 
6 

DE P VAL ( i 0 ) , PT IBA S ( 1 C ) , TA X ( 1 ': ) , A~ ' AV ( 1 '. ) 1 t .. 1 6 ·'.:I 
CCMM C"i / DUREX / ~CCST( 1 " ), (1 t 1) DCC1ST (1 ( ) 1417 " 

+ Fr:'~ C(1• ),RC OsTCf 0 >,vrcsrd ; ),V'1 :-.i TC(1"') 141 P, ·• 
CCMM CN /SYS EX / CPR,FIJELCtS>,HPY, 1419•:' 

+ FPR~PRCO ~L~F RO IL, R , R ETI ~V ,RH C ,TAXRAT, XL C AD ~4 2 1 _ 
C':MlllC / S YSVR / cr Nr<G TrPOu 14 2 2 ·. 
C C ~MON /L DMI C/ ALPK fPPK, NP T 9 PPK AnJ <21> 9 XL ~ FK 1423 ~ 
I) I~ E N S I 0 "' I F. FF C 1 "' ) , F 0 R f( 1 iJ ) , A V L ( 1 '.: ) , C ( 1 " ) , T v P ( 1 ': ) 1 4 2 4 .-
0 A T~ ~rT I 1 ~0 I 14 26 ~ 

111 A I 'IT E 'I .I\~ C E 1 1. 2 7 ~ 
DC 5 !D UR =1. ~D UR . 1428 1 

IFCISTAT(I DUR ) .LT. 2) GO TO 5 1429 
IF(:".:"'NTCICIJ~) . EG . 1) ~4-: ;~ ·J 

+ V ~ A I ~ T ( I I) U R ) = V M ~I T ( I D U R ) * U S C S T ( ! D U R ) 1 4 3 1 ' 
CONTINUE 1432 -

L CDUR CON STR UCTS A LOAD DURATI ON CU RV E 

C.ALL LODUR 

C ET E R M I N E F R C CU C TI C ~ F 0 R EA CH PL A ~ ! T 

INITIALIZATI C: . 
DC 1r I D UR=1, ~C LJR 
U CIOUR) = ·":- . 
UTILC(! DIJR ) = :. 
LJ TIL T <ID tl D) = ".:. 
PROD(!DUR) = C . 
VIUSE(!'.:iUR) = -: . 
US CST (! OUq) = ':: . 
IFCTSTAT<ID UR> .LT. 2 > GO TO 1 ~ 
FORC(IDUR ) = FCRCIDUR) + UTH(I DUR ) 
UTHCIOUR) = J . 
~VL(!DUR) = 1. - SCHED(IOUR) - FORC (!DUR) 
CC:'HIN'-'!: 
XF T = 1 . I FL OAT(. PT) 
ARG = -. 5 * XPT 

( !J MPUTF. V.A RI.AE' L E I \J PUT CC'S T PER UMI T or P ROD UCTI O'I nc 12 IDU R =1. ~ DU R 
I:FF(!DUR) = ! !JU Q 
CCIOUR ) = (µEATq(IOUR)/F UELCC INT P CIOUR) ))*V!C ST CIOU R) 

SORT PL A''!TS 0 y ORr'!ER OF EF FICIE ! CY 
lllC UR~ = \J DU 0 • 1 
~~ 18 ID U~ =1,~CUP1 
IDUR1 = ! DUR + 1 
DC 1 8 J DUR =I DUR1 , NDUR 
IFCCCID UR ) .LT. C(JDLJR)) GO TO 18 
X = C<ID UR ) 
C:(!DUR) = C(J DUR ) 
C CJD L!R > = X 
I = IEFF<ID UR ) 
IE FFCI DLJR) = IEFF(J OUR ) 
IEFF~JDL1 R) = ~ 
CO JT I ~:u: 

c~ ~ S! l) E R LOAC DU~ATrn . CUR VF I N ~ P T SEG ~ E~TS 
X '.:HR T = '' . 
C C 7 ": I P T = 1 , ~1 P T 
.ARG = A0 G + ypT 
XL = TABE L(PPKA DJ 21 . C'.:l . ('5 ,A RG ) 

C O~I SI D ER PLA~i fs ft-1 f'~OE~ OF EFF!C!E':CY 
DO 2 C KDUq=1,~DUR 

1 4 3 3 ·: 
1434 ; 
;435 r 
1 4 3 6 
"4 '1;7 ."1 

143e" 
1 4 3 0 :~· 
1 44 • ') 
141+1 -
1442 
144 3 .... 
14 44 •" 
1 445 .:' 
~446 ~ 
1 447 .; 
1 44 8 '·· 
~44Q 
1 45 ,. 0 
14 5 1 
1 '· 5 2 ·' 
., 4 ') 3 
'! 45 4 . 
1 I+~ 5 ' 
14 56 • 
1 4 5 7., 
"4 5 f. ~ 

145 9 = 
146 -o 
1 1. fl 1 .., 
1 4~? . 

14 63 
14 6 4" 
14 65 '..1 

14 f6 ; 
146 7 . 
., 408 ; 
i4f.9 j 
1 4 7 ~ ~ 
1 4 71 ., 
14 72 ,, 
1473 · 
: 4 7 4 . 
1 1, 7 5 
1 4 76 · 
~4 7 ~ 
14 7 e · 



TD UR = IEFF<KDUR) 
Tr<" P{! DLJP ) = '1 . 

61 

C CHECK IF PLA~T IS ftVA IL ABLE ~ C R SE RVI CE 
! F<ISTAT( IDt!R ) . LT . 2 ) G'.J Tn ? " 
UT ILT(! DUR ) = UTILT(I DUR) + XPT* A VL(I ~ U R ) 
X = ;\ ~ ! ·! 1 <UC 0 PT < ID UP > * G C AP t I !) UR ) , XL I ~ V L < I DUR > > 
T ~ P( IDUC< ) = X 
XL = XL - X* AVLCIC UR ) 
pqQD(!~UR) = PR 0f' (I DUR) + X* f.V L( IDlJq ) 
IFC XL .L E. ~ .> GO TO 55 

?C CON TINUE 
C LCA O NOT ~E T - I \I CREASE PHE'!SITY 
C CO~SICER PL AN TS I N REVERSE ORD ER OF EFFICIE I CY 

KDUR = ND UR 
or 5 '.: L DUR =1 , NDUP. 
Icuq = IEFF(KOUq) 

C CHECK IF PL~NT AVAI LA BLE 
!F CI STATCIDLlQ ) .LT. 2) ' 50 TO 5~ 

C I NCPEASE !~TE~SITY 
x· = f'.. ~ I ~1 1 ( ( 1 • - U C C P T ( I D U R ) ) * G C ll P ( I D U R ) , X L I 4 V L ( I D U q ) ) 
T~PC!DUR J = TMF <IDURl + X 
XL = XL • X•AVLC!DUR) 
cpQQ (!OU R) = PROD CIO UR) + X*AV LC IDUR ) 
TF CXL .L E. r .) GC T Q 55 

50 KD UR = ~DUR - 1 
XSHR T = XSHRT + XL 

~5 CC 6~ ID UR =1, ~ CU R 
IF(ISTATCIDUR) .LT. 2> GO T O~ . 
EX CESS = A ~A X1 co.,T MP<ID UR >-CAPTH<ID UR >• GC' P<IDU R>> 
UTH(I DUR ) = UTHCI DUR ) + ((EXC ESS / G C~ PC I DUR ))/C ~PTH C IDUR )) 

+ ** UCEXPCICUP.) * X0 T* AV LCI DUR ) 
6" CCN TI ~W': 
7 .~ c c N T I \J l_I E 
C ADJUST PR O CU CTI O~ FOR LI ~E AR ESTI ~ ATI O f ERRORS 

TCT = Y.S H~ T 
DC 8~ ! OUR =1, NDUR 

8< TCT = TOT + PRCDCIDUR) 
Tr-R OC = 0 . 
r-c 9r IDUR=1,NDUR 
TF<IST~T <I DUR > .LT. 2> GO TO 90 
FROD<IDUR ) = XLOAr, * CF R O D CI ~UR )/T O T) 
1~ (IDUR ) = F>?Q[l ( ICUR ) I (GCAPCIDl!R )*HPY) 
UTILC(If\ UR) = U (I DUR ) I UT !LT(J "UR) 
VIUSECI DV q ) = HE ATRl!DUR > * < 1 .IF UE L C<I~TP < IDUR >>> * po OD <I DUR > 
rcR rc = TF RCr. + FR OO CI~U R ) 

G ·~ C C ~J TI · , IJE 
c re 1 ~ ~ IDUR =1 ~ DUR 

I FCISTAT(IOURf .LT. 2) GO TO 1 ~ 0 
C US~R C ~S T 

USC ST <I DLJq ) = UCMA X<IDUR> * UTHCIO Uq ) * GCAP<IDU R> 
1C C CC JTI NUE 
c 
c r.rrPUTE ~NE R G Y PURCHASED OR SOLD 
c 

FINRG = XL OA D • TFR OD 
c 
C CAPAC ITY/PEAK RATIO 
c 

TO.F = " · 
~C 12'; I OUR =1 ~DUR 
!F<ISTAT(I OIJR 5 .LT. 2) GO TO 12 ~ 
TC flF = T( AF • G C ~ P<ID UR > 

12C CC TI !LJ':: 
C~PI( = TCAP I XLCFK 
RC TUR N 
!: 'JD 



c 
FU~CTI ON STF P <V,L,K,A RG , XARS ) 

S TEP F U~! CT F "'! 
D !~E ~ SI O ~ VA L( K ),A R~ ( K ) 
CU = '<.f. RG 
STEP= \' AL(1) 
OC 1 C I=2,~ 
I ~( QU¥. .L T. ARG(I)) G O T ~ 2 ~ 
STEP = VC\ L( !) 
CCNT I NUC:: 
cc ~HI "!U E 
RE TU RN 
': ~io 

62 

FUNC TIO N T AR ELCV AL ,(,S~ A LL,DIFF,XAR G ) 
CH1 E"'I SI ON l.JA L(K) 
o u~ = X~R G - s~ALL 
IF< DUM .LT. C.> OU ~ = ~ . 
IFCDU~ .GT. FL0AT(K•1)*DIFF) DU ~ = FL O AT(K-1)~ D IFF :". = 1. + r.Ul"'/OIFF 
:1'.l=(I .EQ. ~) I = K - 1 
TABEL = VAL<I> + <<VAL<I•1>-V ALCI>>IDIFF> * 

+ (DU M-FL0AT(!•1)*DIFF) 
"ETU'·P~ 
E ~J D 



7 " - I. 

1 c 1 

1 ".' 2 

L S 

co 

6 2 

61 

63 

11 c 

1 2C 

1 ".' 6 

1 1 5 

63 
SURRCLJT I' 1 r= ' : S T CO P JSA"'P ) 
c r ~1 ., IJ 'I/ I s T 0 [' 0 M I •. E FF , J F "l T , T ( 2 - ) I r s T ~ T ( /., 5 ) , p ( t 5 , 2,. ) , 

+ A "' C.: .A•: ( t 5 ) , ST !'I ( 6 ~) C ( 4 1 ) , C >" ( t, 1 ) 
DIME SI ~N C E 1 < 21>, CE2 ( 21~ ,L F L ~G c 2 fJ 
•r = J SA " ~ 
! FL .AG = ~ 
') '.: 2 r; ! =1,2 1 
LFL AG<I>= : 
\J AQ..= r , '.) 
fl M E .A. . ! ( \! D ·~ T ) = ·J • c 
o'!D=•J f.l 
9 C 1 , 1 J= 1 , JD 
A l'I E A ~~ ( N P "IT ) = A i" E A .._ ( J P N T ) + ( 1 • . -. I B N D ) * R ( N i: t T , J ) 
V A ~=VAR+( 1 . ~ / B N O )* R { ~PN T,J)* 0 ( N P N T,J) 
T ( J ) = R ( ' ! P 'iT , J ) 
C 0 NT I •JlJ E 
V A R = V A R - A f'tl E A N ( N F T ) * M~ E .A. l ( ~ P "'J T) 
STD< ~ P ~ T)=S O RT(V~R) 
W R I T !: C 6 5 t; !J ) I I) S T R T ( ·l P ' T ) , ~ ~,, E A ~ { ~ P ~1 T) , S T D ( N P N T) 
CALL ROP.6ERC NSA MP> 
I) 1 C2 J=1 ND 
P. ( NP 1'J T,J)=f<J) 
fO~ T n :uE 
~ 1= : . i; 
e 2 = ·· • • 
fl [ 1 • 5 I:'. = 1 , ' i D 
2 1 =8 1 + ( 1 •• I E ! D > * U 1 C R C ~! P ~ : T , K l > 
~ 2 =8 ~ + ( 1 • '"'. IP ! I))* U 2 ( R ( ! Ff\: T , K) ) 
CPHI . l! E 
c::1 ( NPNT)=UI1 ( 81) 
C E 2' ~ P ~ T>= U I2< 92 > 
IFC N F ~ T.EG.1) GO TO 11 5 
:'. = l\! P ~J T 
D C 1 ~ 6 J = 1 , •1 E F F 
IF<CE1CI>.GE.CE1<J>. AN D.CE2<I>. GE.CE2<J>> GO TO 6 ~ 
I F C C E 1 { I ) • L E • C S: 1 ( J ) • A ~ C • C E 2 ( I ) • l E • C E 2 { J ) ) G 0 T 0 ~. 1 
~ · c: o-r: ;:; T- C- 1 " 7 
... i J ' • 

C ~ LL CU M C~l(J!I~~SA ~ P) 
CALL S ~ <EU, ~ SA ~ r) 
IF<EU. G ~. ~ . ~ ) GO TO ~2 
!F<CE1<I>.EQ.CE1<J>.A ~ O.CE2<I>. E Q.C E 2CJJ> 60 TO 61 
~l SD= ".: 
GC TC 1 ·- 7 
, !S D= 1 
G C T 0 1:: 7 
Cftll C UM C A LCI,J, ~ SA MP ) 
CALL s o <E U , ~ SA ~F ) 
IF(= U . G F..~. ~ ) GO TO 63 
' I S D= C 
r; C T 0 1 ·' 7 
! C:: D= -1 

RC: TUP'! 
CONTI"I UE 
I F C~SD.EG. r ) GO TO 1~ 6 
I FCIFLAG. ' E. , ) G( TO 12 r. 
t:':1 (J )=CE1 {I) 
CE2t. J >=CE2< I> 
STD(J)=STI'(!) 
AMEA ~ (J) =A M EA~ (.'!) 
I CSTRT(J) = ! DSTRT(!) 
DC 110 MM=1, N!:> 
~(J, r-'M )=R(!,~M) 
I FLAG=1 
G C T01 ~6 
Lfl " G <IFL~G>=J 
rcLA G=IFLA G·q 
C C ~ TT ~ UE 
~ =FF= ~ EFF-IFLAG+1 
JC( ~ EFF.GT. 6 &J ~ EFF= 6 t, 
~1 F NT = N ~ F F + 1 
! F C ! FLAG.LE.1. 0 Q.LFLA.G(1).GT. ~ EFF) GC TO 1 3 . 
J ~ =L F LE' S ( 1) + 1 
J "=2 
L e =L F Lft.G ( 1) 
0 C 1 2 5 K l:'.=L B c NEFF 
!:'':' 121 i( .~=1,i:::1 



1 21 
122 

1 23 

125 
'5 1 ') 

3"' 

If{J2 . GT.(IFLtiG - 1)) Gr, T ':.' 12 2 
:HJ1.LT.L FLf\G (J 2 )) GO T C' 1 22 
J1=J 1 +1 
,I '= J 2 + 1 
c::1 (KK)=CE1 (J1) 
CE2( (0 =C': 2(J1) 
STD P~ q=sT D f.J1 > 
0.. ~ E A N ( K K ) = A r ~ E A ~~ ( J 1 ) 
! cs:q T( KK ) = !CSTRT<J1) 
[) 0 1 2 3 :.., M = 1 , 1\j D 
R C KK , MM >= R CJ1, ~M > 
J1=J1+1 

64 

c o~ r r ·1uE 
FCR~AT ( 1H 0 , 6H STRAT=, I3, I, 7H 

+) 
RE TU~ N 
': 'JO 

rEAN =, ~12.6,/, 7H 

~ ~ 7 6 ·' 
1 ~7 7 
1 ~78 R 7 ,., 
.. ~ R J 
1 Q p 1 . 
1p 8 21 
1 n : ·; 
1 o,p 4 
1 ff\S. 
1P~6 ~ 
1 ~8 7 t . 

1 E9. 8 ' 
S T ~ =,F12. c 1 ~~~ c; 

~ P.88 7' 
1 0 ~ 0 
1 0, 9 ' (• 



5 51 

55 2 

553 

SS C 

5 : 0 

lCO 

65 

s u B qr u TI •I t cur· c A. L ( 1141 ' " 2 , .. s ~,.. p ) 
r '.: "'·~ C "! I S T 0 D 0 ~ I II: E F F , 1 P ~J T , T < ? ) , I D '.i T P T ( 6 5 ) , R ( 6 5 , 2 C ) , 

+ A ~ E A 'l ( 6 5 ) , S T I) ( 6 ) ) , C ( 4 1 ) , C f. ( 4 1 ) 

~ I C = · ~ SA~ P 
k:' 1 =~ r ~ =1 
c< n= ~ - "' 
CF(1) = ") . r, 
8'1 0= ND 
~1 2= 1\/D -t2+1 
QC S"' 'J I =2 :rn z 
I i: ( K 1 • G T • J 6 • A ! D • K 2 • G T • ~1 D ) G 0 T 0 5 5 
IF0'.1 . GT . "ID ) GO TC 553 
IF<~2 .GT . 'IJD ) GO TC 551 
I F(~(~1,K1)-q(~2,K2)) 551 ,552,5 53 
C ( I ) = C ( I - 1 ) + ( 1 • ( I r:l ~! D } 
CPCI >= RCM1 , K 1> 
1(1 =(1 • 1 
GC TC 5 ~ ; 
C(!)=C<I -1) 
CFC!>=R< ""1 , l(.1} 
1( 1=K1+1 
K 2 = ~ 2 +1 
r.:(' TO 5 "I'.' 
C<I>=CCI-1>-<1. C/ BND > 
CF(!)=R<~2, K2 ) 
!<2 =K2+1 
Gr TC 5"C 
C <I>= 1 . ·~ 
CP(t)= G. ': 
C': TI'HJE 
Ri:TUR\' 
EN O 

SURRCUTI~E qQRDER ( N SA~F} 
CrMMC~ / S T OOC~ / \EFF , ~ F"IT ,T( ~r )~I C ST R T(65) , R ( c5 ,2 r ), 

+ ft"'r:. .a •(65 ),ST D (6 . ), C (41),C?(4 1 ) 
)! D = N SA ~P 
.,_,D1= ND -1 
C'C 4" ::l I = 1 , ' ID 1 
a.~ =T<I> 
N=I 
II=I-+1 
DC 4 . 1 J= II , 0 
IF(A~.LE.T(J)) GC TO 4 : 1 
~l :: J 
A·~ =T CJ) 
CQNT I 'IUE 
T( ..,' )=T(!) 
Tf.I )= A~ 
CON TI UE 
R'.:: TUR" 
~~J D 

1 0 •... 
,, \.) 

1 9 1 ., 
.. c f ?. 
; 9 " : r' 
1 y 4 ;· 
10 · 5 r. 
1 0 r 6 r. 
1 Q . 7 ' 
.; 0 ~ 0 ~. 
I . I.. 

1 9 - Q l 

1 01-.0 
1 911 (. 
1 9 1 2 (' 
'191 : r 
'! 01 l '"' 
1 91 5 ' • 
1916 '' 
19~7 ! 
101e :1 
1 0 1 0 ,., 
~92 ) 
.. 021 .. 
.. Q2 2 -
1 9? 3 '.., 
1924 '~ 
19?5 '~ 
1 926 ·::' 
192 7": 
1928".' 
19 2 0 C· 
., 9 "? f.,'.) 

., 931 '' 
193 2"' 



65 2 

6 53 

655 

6 ':: 1 
654 

6 5 1 

656 

6 C2 
6 57 
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SU SR CUTI 1 E SDC ,.. U,NS AM P> 
C C ~ ~ C ~ /STO~Or/ ~ EFF~ ~ F ~ T,TC2 r >eI D ST ~ TC 65 ), P ( 6 5,2 . ), 

+ Af"E.d 111 (65),ST0(6:»,C(!•1>, CP (41) 
REAL MU 
".! D = ~l SA~P 
NI U= . • ~ 
'IJ L=2*~rn 
'!0 2=2* "-ID 
D': 6 C' C I=1 "i D2 
IFC NL.LE.1f GC TO 6 5 . 
IFCCC~L)) 65 1 , 652, 6 53 
N L= ~IL-1 
"' U = ': .~ · 
G': TC 6 ~- C 

¥ U =~U+C U 2CCPC ~ L+1))-U2CCPC ~ L)))*C( ~ L) 
"I L="ll -1 
DC 6 : 1 J=1 'ID 2 
TFC ~ L.LE.1f GO TO 65 ~ 
TU= ( U 2 CC P C NL+ 1 ) ) -U 2 ( C P C "'' L) ) ) * C o · L) 
IF< ~ +T U > 654,652,655 
tJU=ML'+TU 
~! L='H - 1 
C 0 ~TI J,Jtfl: 
TT= i!LJ/C C 1 l>+U2<CP< JL+1 » 

· n =llI?CTT> 
"' u = '1 • c 
CPUL+1)=Q 
GC' TO 6 1<1 
~ U =~ U + ( U 1 ( CF ( NL+ 1 ) ) -U 1 (CF ( ~ L) ) ) * C C "J L ) 
' 'L= 1L-1 
D'} 6 ".: 2 K=1, \! 2 
IF<~L .L E . 1> GO TC 65 ~ 
T U = ( IJ 1 ( C F ( N l + 1 ) ) - U 1 ( C P ( "I L ) ) ) * C ( •: L) 
IF< ~ +TU) 656 ,6 52 ,6 57 
·-1u = "~U+TIJ 
"l l=~JL - 1 
t: G 'T I 'Uf= 
T ~ = 1 U I C ( 'I L ) + U 1 ( C F C l L + 1 ) ) 
Q=U?:1(TS) 
"'U = J • :': 
C F ( ~! L + 1 ) = ·~ 
C'.:'' ! TI~l UE 
R: TUR'1 
c '10 



F u ~ 1 r. r rc ~ : ui i <X> 
CCM~ C N /ST OFA R/ 9 ~(2) 
!J T1 : [ )'!"' ()() - ~ 0(1) 
~ ~ TUR~! 
':: ID 

F L! ~ l C T I 0 ' I U I 2 ( X ) 
C C ~ MC ~ / STDPAR/ RA<2> 
UI2 = EYF(X) - RA(2) 
~ CT U Q '-1 
:: " D 

FUNCTION U1 (X) 
C ,.. MM 0 l i I S T D F A I Q A ( 2 ) 
U1 = ALC~(X+RA(1)) 
RETURM 
r:: ~! D 

FU 'CT IO N U2 (X) 
C ~ ~~ON /STDP AR / RA <2> 
U2 = AL0S(X+R~(2)) 
!;' E TU P ' I 
c ' · D 
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2 5 - 20 
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APPENDIX 3 

SAMPLE PRINT-OUTS 

Results of the general test case printed from AIDU are shown on 

the following pages to illustrate the output formats programmed in the 

model package. These are presented in tables as follows: 

Table A: Standard output for Strategy 1, samples 1 and 20 with mean 

and standard deviation for that strategy. 

Table B: Standard output for the efficient set of strategies, 

with, for each strategy in the efficient set, objective function mean 

and standard deviation and values for each state of nature. In this 

case, the efficient set consisted only of Strategy 1. 

Table C: Detailed output fo~ Strategy 1, Sample l, time 1.00. 
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Table A 

STRAHGY 1 

CAP~ AC!H C UCLPT 
Pli\Nl 1 200. -1.00 1.r.coo 
PLANT 2 200. -1.00 1.croo 
PLANT 3 "0 0. -1.00 1. r. 00 0 
PLANT " 600. -1.00 l • Hi.10 
PLANT 5 "0 0. o.oo 1. cr co 

PLANT 6 6CO. 2.00 1. c 00 0 
PLANT 7 600. 12.00 i.onoo 
PLANT 8 eoo. 20.00 1.a coo 
PLANT 

ISA MP 1 
TIME o.oo PLANT 5 UNO ER CC'N!'TflUCTJON 
TIM[ 2.00 PLANT 6 UNO[R CONSTRUCTION 
Tl "E 1.00 PLA tlT 5 JN OPERATJO~ CAP o. V.\l 0. O IAV o. OVAL o. 
THIE 10.00 PLA'IT 6 JN OPERATJO~J CAP 0. VAL o. ANAV o. OVAL o. 
TIME l 0. 5 0 PLANT 2 TO fl[ R[TJk[O CAP .1991E•03 VAL • l36~[•0<J AliAV .2161E•08 OVAL .7103[+07 
TIME 1o.50 PLA1H 2 UNDER CONSTRUCTION 
Tl ME 12.0C PL A~I T 7 UNDER C 1J~ STflUCTlON 
Til'E 15.75 PLANT " TO f. [ ~ET IRED C~P o3995E+03 VAL -.163Af+08 ANAV -.f.038E•07 OVAL -.11370[•07 
TIME 17.5(1 PLAI~ T 2 JN OPERl.TION CAP ol 98i\E+03 VAL o l 419H•li9 APJAV .2161E•08 OVAL .1826(•08 
TIME 20. 01) PLAI~ T R UNDER CONSTRUCTION 
Tl ME 2 0. 0 0 PLAPJT 7 JN OPER J\ TION CAP o. VAL o. ANAV o. OVAL o. 
Tl ME ~4'.25 PLANT 1 TO BE 1<£TJRE'O CAP el999E+u3 VAL -.81"5[+07 All!AV -.7603(+07 OVAL -.112H+1ie 
Tl ME 29.00 PLANT e IN OPERA TI ON CAP o. VAL 0. A '~ AV 0. OVAL o . 
TIHE 29.75 PLANT " TO BE RETIRED CAP .5952[•03 VAL .6202[+09 A]': AV • 7'18'!(+08 OVAL .5969[+08 
TIME 29.75 PLANT 41 UNDER CONSTRUCTION 
Tl M[ 37.75 PLANT " JN OPERATION 
TIME "o. 00 

CAP .5931(+03 VAL .6331E+09 ANAV .7~85£+06 OVAL .1226 [ +09 

PLA"lT ?. CAP .1993(+03 VAL -.2397[•09 A l\' AV -.2 907E+06 OVAL .28l"E+Cll 
PLANT " CAP .5'171(•03 VAL -.1860[+10 Al~ AV -.3121E+D9 0 VAL .tt42E+Oq m 
PLANT 5 CAP .390AE+03 VAL .3386E+OA ANAV e41016E•07 OVAL e2197E+09 \D 
PLANT 6 CAP .5859(+03 VAL .6'180(+08 ANAV .7702£•07 OVAL .3"98(+09 
PLA'IT 7 CAP .5884'E•03 \/Al -.1'191E+09 ANAV -.1820(+08 DI/AL .3325[+09 
PLANT I\ CAP .7879[+03 VAL •e6205E+09 ANAV -.B059f.+08 OVAL e'IH6E+09 

OBJ -6126628'159. 

JSAMP 20 
TIM[ ~.oo PLANT 5 UNO[R CCN STRUCTJO"' 
Tl M[ 2.00 PLA\IT 6 U~IOfR CONSTRUCT I OS 
lJH 1.00 PLArn 5 IN OPER t.T ION CAP o. VAL o. ANAV o. OVAL o. 
TI ME 10.00 PL Ml T 6 JN OPER A Tl Q I; CAP o. VAL o. ANA\/ o. OVAL o. 
TJ~E 10.50 PLA"'T 2 TO PE RETJllfD CAP .J991f+03 VAL .1 :S76E•09 A NAV e2181f+06 OVAL .6610[+07 
TIME to.so PLA"IT 2 UNDER CON!;Jf!UCT ION 
T J po!( I?. 0 0 PLANT 7 UNDER CON~HUCT l ON 
TI~E t f,. 5 0 PU"IT ~ TO BE RfTIP[O C~P .3995(+03 VAL -.2t8tf+OA A'IAV -.f'.367[+07 OVAL -.7730 [ +07 
TIME 17.50 PLA :H 2 JN OPERATIMl C~P .1987[+03 VAL .1"91[+09 ANA\/ .21111E+OA OVAL . 14'.5)[+08 
Tl M( 20.00 PLAlll T 8 UNDER C C r~ S T PUC T I 0 N 
TIME 20.00 PLA "'I T 7 JN OPERATION CAP o. VAL o. A MAV o. OVAL o. 
Tl M[ 241. 75 PLANT 1 TO P.E RETIRED CAP .J999(+03 VAL -.2726E+07 AIJAV -.71l641f+07 OVAL -.112H+OH 
TIME 29.00 PLANT A JN OP[R n IO~I CAP o. VAL o. AflA \I 0. OVAL o. 
Tl M[ 29.50 PLA'.llT " TO BE RfT lf!ED CAP .5'l58E+03 VAL .6165E•09 A1' AV .7'150[+08 OVAL .'114\~E+Ofl 
T J 11[ 29.50 PLANT " UNDER CONSTRUCTION 
TJl1E 37.50 PLANT " JN OPERATION CAP .5 'l "7(+03 VAL .6259f+09 A r; AV .7415 0E+OA OVAL ·1027[+09 
TIHE "°· 00 PLANT 2 CAP .19'.'6[+03 VAL -.24'111[+09 A NAV -.3CO<Jf+OA O~AL .2}30[+08 

PLANT · " CAP .5979f.+03 VAL -.164'6f.•10 UIAV -.3C59E+09 OVAL .9299(+08 
PLANT 5 CAP .H13[+03 VAL .338A[+06 ANAV .'t018[+07 OVAL .2165[+09 
PLANT 6 CAP .5860(+03 VAL .7287[+08 A"'AV .8662[+07 OVAL .3516£•09 
PLANT 7 CAP .5884'£+03 VAL -.1299E+09 ANAV -.1565[+08 OVAL .33'12E+09 
PLA"IT 8 CAP .7879[+03 VAL -.5788[+09 ANAV -.751AE+08 OVAL .'tJ69[+09 

OBJ -5990125755. 

STRAT= 1 
MEAN= -6.090322 

STD= .220 066 



MfAN 
SD 

A 

-6.090322 
.220066 

OUTCOMES 
-6.o\51192 -6.o\09\59 

-6.219785 

Ol_JR 

TUI[ 

OBJ 
LOAD 
TPRD 
PINR 
CPR 
PPR 
OIL 
COAL 

1 
2 
3 
... 
5 

-(,.282176 
-6.022265 -5.990126 
-5.870788 -5.847579 

GCAP SALOL 

1. 00 
o2000f+03 -.10'17[+07 
ol977E+03 -02060[+07 
.3993(+03 -.1530[+07 
059~3[+03 -.'lll8o\[+07 

0. u. 
-199877f13.122!1 

67137"0.6'1(;0 
6713HO.b't00 

.oooo 
52o4tl50 
5706566 
2tt.5460 

CAP /PEAK 
3302751 
1.2892 

-6.391903 
-6.H.7516 
-5o95HO'J 
-50827876 

VHSER 

01363[+ 07 
.2371£•08 
ol 025f+ 08 
o7035[+0!l 

o. 

Table B 

-603605<\5 -f,.3:'18602 
-6.128628 -6.137778 

-50900528 
-5.815612 

-5.898979 
-5.788001 

Table C 

OVAL 

.1701\[+07 

.2833[+08 

.11s7[+ 08 

.8363[+08 
o. 

ANAV 

-01230[+06 
ol 330[+08 

-.1798[•06 
o39o\7[+ 08 

Oo 

PROO U UC UT 

o6't58[+05 .o37 .0'13 0850 
ol25o\[+07 0724 e998 0725 
e1727E+07 e'l94 0586 .So\3 
03668(+07 .7061.000 0706 o. i 0.0000.0000.000 

VIUSE 

09576[+05 
.5065[+06 
.2501[+07 
• Hl 1[+07 o. 

VPU I NT 

e5992f-Ol 
o8746E+Ol 
.2811£+01 
.2591[+ 02 

Oo 

-.....) 

0 

l 


