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ABSTRACT

SYSGEN is a production costing and reliability model of electric utility
systems. Hydro-electric, storage, and time-dependent generating units can be
modeled in addition to conventional generating plants.

This user documentation descrihes the SYSGEN model and its links with
other JPL simulations. Input variables, modeling options, output varijables,
and report formats are explained in detail and illustrated with examples. The
appendixes contain sample computer output and instructions for running the
program on an IBM batch system. SYSGEN also can be run interactively by using
a program developed at JPL called FEPS (Front End Program for SYSGEN). A
format for SYSGEN input variables which is designed for use with FEPS is

presented.
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FOREWORD

SYSGEN is a computer program which simulates the production costs and
reliability of an electric utility system with and without time-dependent
generating units. It is one of several simulations used at JPL for
calculating the breakeven costs of photovoltaic and solar thermal electric
systems in grid-connected applications.

" JPL received SYSGEN in 1979 from the Massachusetts Institute of
Technology (MIT). Significant modifications have been made in the SYSGEN
program since then, based on the work of Dr. Donald Ebbeler and Dr. George
Fox, both of JPL. These modifications, listed in Appendix C, do not affect
the inputs to the model; thus, this user documentation may be used with both

the MIT and JPL versions of SYSGEN.
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SECTION 1
INTRODUCTION

A. THE USE OF COMPUTER SIMULATIONS IN THE BREAKEVEN COST CALCULATION

SYSGEN is one of several simulations used in the breakeven cost
calculation for photovoltaic and solar thermal electric systems. Together,
these simulations incorporate sufficient technological and financial detail to
allow realistic estimation of the value and effects of solar generation to a
grid system. The rest of this section explains how the JPL simulation models
calculate these values.

Four major areas are niodeled:

1) the lifetime cost and performance of the solar plant
2) the production cost and reliability of electric power generation by
the utility, with and without the solar plant
3) optimal capacity expansion planning for the utility over time, with
and without the solar plant
4) the financial structure and environment of the utility.
Electric power systems are assumed to operate to meet a fluctuating
power demand at minimum cost.* The demand for electricity generally follows a
predictable daily pattern, with peak periods occurring around noon and early
everring. Utilities adjust their generating plant mix according to these

changes in demand. Generating piants with low operating costs are run all the

time to meet the minimum power demand and are called base loaded units.

* Utilities in reality are constrained by electric stability requirements
jmposed by the transmission network. However, a complete model of
operating a power system would require detailed models and data for each
generator and transmission line and would be far too complex for our
purposes. Most production costing models, including the one used by JPL,
do not consider transmission or stability constraints.
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Plants with high operating costs but low capital costs are brought on line
during the peak hours and are referred to as peak loaded units., Thus, as a
utility increases its output, the marginal cost of generation also increases
as more and more expensive units are brought on line to meet demand.

The value of a solar plant to a grid is vefined in terms of fuel
displacement and capacity displacement. Displaced fuel is fuel saved bhecause
solar generation is used to meet load instead of using an existing
conventional plant. Capacity displacement occurs when the addition of new
conventional capacity can be deferred or tancelled if a solar plant is added
to the grid.

A utility can reduce its operating costs either by reducing the size of
the peak loads (e.g., with time-of-day pricing) or by displacing expensive
peak unit generatiesn with cheaper limited energy sources, such as solar,
storage, or hydro plants. It should be apparent that the value of a solar
plant wil) depend upon what kinds of generating units it displaces. The value
of the fuel displaced depends upon the correlation during the day between
solar output and the load on the utility: If the bulk of solar output occurs
during off-peak periods, then cheap base loaded plants are displaced rather
than expensive peaking units. It is for this reason that utility and solar
plant cost and performance simulations are done on an hourly basis rather than
averaged over days or months. Averaged data will not correctly capture the
difference between the value of peak and off-peak generation and thus will
underestimate or overestimate the displaced fuel value atfributed to the solar
plant.

The lifetime cost and performance (LCP) simulation of a photovoltaic
plant performs four functions: 1) it describes initial design and
construction of the power plant, 2) simulates hourly photovoltaic system

power output, 3) analyzes the long-term effects of exposure to an outdoor




environment and uperations/maintenance policies, and 4) finds the capital and
recurring production costs of operating the system. The LCP model contains
both deterninistic and probabilistic characteristics: Module failure is
modeled using transition probabilities; explicit time-dependent features are
modeled deterministically.* |

The cost and performance of solar thermal systems are estimated by the |
Solar Energy Simulation model (SES). The SES model comprises three programs l
which perform the following functions: 1) evaluation of collector field |
pervormance for specific insolation and temperatures, 2) calculation of the i
performance of a fixed-rated power plant with different collector and storage ~
sizes, and 3) calculation of the minimum energy cost of the plant. These €
models are coupled with the SYSGEN utility grid simulation to determine the
effects of the solar plant upon grid operating cost and reliability.

The value of the solar plant is also determined by the timing of its
introduction to the grid system. The optimal time for bringing solar capacity
on-Tine will be determined in part by future availability of Yuels and costs
of conventional power plants. JPL's simulation models allow the testing of
different assumptions about the above factors. The production costing model
(SYSGEN) can be run for up to a 35-year time period, incorporating different
capacity expansicn plans, cost escalation rates, and changes in customer
demand. The results of these different production cost scenarios are then
combine:d with investor specific financial and investment data to determine how

the feasibility of investment in the solar plant changes over time.

Utilities plan their generation mix to meet a certain reliability

requirement. One measure of reliability is called the loss of load probability

Connected Photovoltaic Power Plants," paper presented at The National

*  C.S. Borden, "Computer Simulation of the Operations of Utility Grid
Computer Conference, May 19, 1980. :
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(LOLP), which may be defined as the probability that the utility cannot
generate enough power to meet demand at any point in time, either because of a
sudden surge in demand or an unexpected plant failure. On an hourly basis,
the LOLP allowed is usually specified as a failure to meet load for one hour
out of every ten years.* In order to meet this reliability criterion,
utilities keep additional "unnecessary" units on spinning reserve, units which
are running and can be connected to the grid immediately if needed. The
production costing model uses a prohabilistic method to incorporate
uncertainty due to conventional plant failures and calculates the LOLP of the
system., Because of this LOLP constraint, it is necessary to know the effect
of a grid-connected solar plant on the reliability of the system. Solar
plants differ from conventional units in that uncertainty in their performance
is due not only to mechanical failure but also to the vagaries of the

weather. Unfortunately, if scenarios are modeled using historical weather
data (as they are at JPL), neither outages due to weather nor due to
mechanical failure are included in the LOLP calculation for the grid system.
This does not affect the estimates of the fuel displacement value for solar,
but it presents some problems in planning capacity displacement.

One approach to this problem is to mode} both utility load and solar
output as random variables, whose distributions are dependent on other
measurable variables such as temperature, insolation, and time. This method
would work particularly well in southern California, for example, where summer
peak demanc¢ for electricity is highly dependent on the temperature because of

the demand for air conditioning.

* More specifically, in a period of ten years; the expected number of
hours for which there is a capacity deficiency to meet the hourly load
demand is one.
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The capacity displacement attributed to a solar plant is estimated with
the optimal capacity expansion and the production costing/reliability models.
The capacity expansion program (SCYLLA) uses a linear programming algorithm to
minimize the cost of the generation mix for given changes in demand and
production costs. Optimal changes in generation mix over time with and
without solar plants are determined and are then tested for their
reliability. If the addition of conventional capacity can be deferred when
solar plants are added, then a capacity credit for the deferred capital costs
is attributed to the solar plant.

The financial analysis model {APSEAM) incorporates 1) the estimated
capital and production costs of both the solar plant and the utility, 2) the
benefit stream to the utility in terms of fuel and capacity displacement over
the lifetime of the solar plant, and 3) the optimal capacity expansion plan
for the utility. These cost and benefit streams then can be tested in various
financial environments, which include consideraton of inflation, escalation
and interest rates, depreciation, and taxes to determine the net present value
of an investment in the solar plant. The breakeven cost of the systewm is that
cost which gives a net present value of zero for the investment.

Electric utilities use similar computer models for determining daily
dispatch strategies and capacity expansion plans. Thus, our modeling

procedures should be accepted as valid by the utility industry. The inter-

faces of the simulation programs are shown in Figure 1.
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LOAD DURATION

CURVES
PRODUCTION COST UTILITY LOST
AND RELIABILITY | ———  AND GENERATION
MODEL (SYSGEN) MIX DATA
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CAPABILITY
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FINANCIAL = | ANALYSIS MODEL ] -———— CAPITAL AND
PARAMETERS 0&M COSTS

SOLAR PLANT BREAKEVEN COSTS
($/kW and BBEC)

Figure 1. Methodology Overview
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B. THE SYSGEN USER PACKAGE

The SYSGEN computer simulation is a production costing and reliability
model of an electric power system. It may be used to study the effects of
different assumptions about customer demand, fuel costs, or utility
characteristics on system cost and reliability.

This package is designed for users who are not conversant with computer
programming or utility engineering. Thus, descriptions of the actual modeling
procedures are brief and necessarily general, and may not be detailed enough
for some users. A complete list of the technical documentation for SYSGEN may
be found in the references of this paper.

The mode) consists of three computer programs. The first, named
ELECTRA, calculates a load duration curve (LDC) from hourly Yoad curves, and
models time-dependent power plants as increases or decreases in the net load
on the system. Two LDCs are produced: one with the time-dependent generation
and one without. The second program, SYSGEN, uses these LDCs and data
describing the power plants in the system to calculate system cost and
reliability with and without the time-dependent units. SCYLLA, the third
program, uses these results to calculate the fuel and capacity credits of
the time-dependent generation to the power system. The diagram in Figure 2
shows the program interactions.

Sections II through IV of this reportexplain the inputs, outputs, and
modeling procedures used in the three computer programs. Section V contains
worksheets which may be used to set up the inputs to the programs. These
worksheets correspond directly to an interactive computer program named FEPS
(Front End Program for SYSGEN). FEPS may be used to create computerized data

bases for these simulations, and is explained below.
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HOURLY DEMAND CURVES

HOURLY SOLAR LOAD
REDUCTION CURVES

PLANT TYPES AND C/\PI\CITIES_1

RELIABILITY AND COST DATA
TIME PARAMETERS

PRODUCTION COST
AND RELIABILITY
OF SYSTEM

(SOLAR AND NO-
SOLAR CASE)

PLANT CAPITAL COSTS

Figure 2.

: OAD DURATION CURVES
FREQUENCY CURVES -
(SOLAR AND NO-SOLAR —

= ELECTRA

CASE)

- SYSGEN

'

SCYLLA

v

SOLAR FUEL CREDITS
AND CAPACITY CREDITS

SYSGEN Model Overview
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c. FEPS--THE FRONT END PROGRAM FOR SYSGEN

FEPS is an interactive computer program which may be used to create and
modify data bases for SYSGEN simulations. The program transforms inputs into
the proper format and files and adds the JCL (Job Control Language) necessary
for SYSGEN, ELECTRA, and SCYLLA runs. It is presently set up on the
California Institute of Technology (CIT) VAX time-sharing system, and may be
accessed either from terminals at CIT or from remote terminals at JPL.

FEPS was written to be used in conjunction with this user package.
Documentation for FEPS is available upon request. Data bases for SYSGEN still
may be created from fixed format punched cards if so desired, and the JCL for
running SYSGEN with card inputs is explained in Appendix B, The input formats

for cards are fully described in the original MIT documentation for SYSGEN,

also available upon request.
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SECTION II
ELECTRA

A. THE LOAD CURVES

ELECTRA models time-dependent plants as decreases in the net load on the
utility grid system. Up to four hourly load change curves may be input in
addition to the original customer demand curve. The hourly load curves are
converted into load duration curves that represent the net loal with and
without the time-dependent generation.

There may be up to 8,784 values in the customer demand curve and in each
of the load modification curves. These values do not have to be hourly, but
the values for demand and modification must match, j.e., they must start at
the same point in time, the time interval used must be the same, there must be
the same number of points in each curve, and the energy units must be the same
(MW or kW).

The load duration curve is determined by the percent of time that load
is greater than or equal to a percentage of peak load. Specifically, the
dependent variable (Y axis) is the

percent of time demand 2 X * PEAK LOAD/n,

where X =1, 2, 3, ..., n, and n = number of points in the load shape.

The "number of points in load shape" chosen determines the size of the
MW intervals used in approximating the curve: The smaller the interval size,
the more closely the true load duration curve is approximated. The user must
specify the peak of each original load curve and the number of points in the
load shape to be used in calculating the load duration curves. An example

should be enlightening.

~11-
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Suppose peak demand is 60 MW. We want to kn. ¢ the percent of time that
the load is greater than or equal to Y MW, 0 <Y <60, where Y = X » 60/n,

with n and X defined as before. Table 1 illustrates the calculation of the

s

load duration curve using three different values of n. (See also Figure 3.)

Table 1. Determining the Load Duration Curve

Number of Points in Load Shape

f 5 Points 10 Points 20 Points

i % of Time % of Time % of Time

E Load is 21 X 60/5 = 12 Load is 21 X 60/10 = 6 Load is 21 X 60/20 = 3

| 2 X 60/5 = 24 2 X 60/10 = 12 2 X 60/20 = 6

| 3 X 60/5 = 36 3 X 60/10 = 18 3 X 60/20 =9

i 4 X 60/5 = 48 E :

| 5 X 60/5 = 60 MW 10 X 60/10 = 60 MW 20 X 60/20 = 60 MW

/ Thus, if there are 5 load shape points, the load interval will be 12 Mw; 10
Joad shape points gives a 6 MW interval, and so on. It should be noted that
the cost of ELECTRA runs increases almost exponentially as the number of
points in the load shape goes above 40. 1
Frequency curves are also formed from the original and modified load | i

, curves. The frequency curve is determined by the number of times the load

rises across a given MW level in time period T, normalized by the number of
hours in T. The given MW levels are the same as those chosen for the load

duration curve.
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Up to 52 frequency and load duration curves may be formed from the
original load curve, e.g., given a year's worth of hourly load data, the user
can mode) each week of that year separately (or each month or season). The
number of curves desired and the number of hours in each must be specified by
the user.

The reliability of the utility system is estimated by adjusting the load
duration curve to account for possible plant failures. The adjusted LDC's are
called equivalent load duration curves., These curves are actually calculated
in SYSGEN, but their description here is a logical extension of the discussion
of the load duration curve.

If a generating unit may be loaded incrementally (i.e., if it has valve
points), then the unit may be treated as either a single increment or as
multiple increments in the calculation of the equivalent load duration curve.
If the former is chosen, then the unit is either all on or all off; if the
latter is chosen, then partial outages may he modeled.

Figure 4 illustrates the simpler case of treating the unit as a single
increment. Suppose two plants are being loaded. There is some probability
that the first plant will fail and the second plant will be taced with the
entire original load curve. If the first plant does not fail, then the second
plant will be faced with the original load minus the capacity of the first
plant. The equivalent load duration curve when the second plant is loaded is
the sum of the curves weighted by their respective probabilities.

The equivalent LDC in Figure 4 was derived as follows. The first plant
to be loaded has a capacity of 5 MW. Let S] be the state in which the § MW
unit does not fail, and S, be the state in which the 5 MW unit does fail.

The probability of S] occurring is 0.9; the probability of 52 occurring is
0.1. From the figure it can be seen that a load level of 20 MW occurs OX of
the time in §,, but in S, it occurs 50% of the time. Then the weighted

-14-
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probability that a load of 20 MW occurs is: 0.9 (0%} + 0,1 (50%) = 6%, This
is point C on the graph. A load of 10 MW occurs 100% of the time in both S
and 52, so the weighted probability is 0.9 (100%) 4+ 0.1 (100%) = 100%,
giving us point A. The weighted probabilities of 17 and 22 MW Joads were
derived in the same fashion: For point B, we have 0.9 (30%) + 0.1 (80%) =
35%, and for point D it is 0.9 (0%) + 0.1 (30%) = 3%.

1
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B. TIME PARAMETERS

SYSGEN's time parameters may be set to model many different situations.
There are three basic units to specify: the number of periods, subperiods in
a period, and weeks in a subperiod. A period is usually interpreted as a
year, and a subperiod may represent a week, a month, or any fraction of a
year. The time units to be specified are as follows:
NUMBER OF PERIODS An integer value; 1 < P < 34,

"HOURS" IN A TIME PERIOD Each time period will have the
same number of "hours"; this need
not be an integer value;
1<HE 8,784,

SUBPERIODS An integer value; 1 < SP £ 62,
Each period will have the same
number of subperiods.

MWEEKS" An integer value; 1€ W <99, The
number of "weeks" per subperiod
may be varied.

"HOURS" IN A "WEEK" Each "week" will have the same
number of "hours"; this need not
be an integer value.

To illustrate this, consider the following three examples:

1) a) number of periods = 10 (10 years)

b "hours" in a period = 8736 (24 hours x 364 days)
c) number of subperiods = 4 (seasons) _
d number of "weeks" in subperiod 1 = 5 (winter months NOTE THAT THE

2 (spring months "WEEK" VARUABLE
number of "weeks" in subperiod 3 = 3 (summer months)  EQUALS A MINTH
number of "weeks" in subperiod 4 = 2 (fall months) IN EXAMPLE 1
"hours" per "week" = 720 (24 hours x 30 days)

number of "weeks" in subperiod 2

i un

2) a

)
) number of periods = 5 (5 years)
b)  "hours" in a period =

2,920 (data is measured at 3-hour intervals
for 365 days)

number of subperiods =2  (winter and summer)

number of "weeks" in subperiod 1 = 20 {20 "weeks" in winter)

~ number of *weeks" in subperiod 2 = 32 32 summer weeks)

e) "hours" in a "week" = 56 (data measured at 3-hour intervals

for one week)

=17-
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3) a number of periods = 12 12 months
) b; "hours" inpa period = 672 {hours per)4~week month)
c number of subperiods = 4 54 weeks per month)
d "weeks" in each subperiod = 7 (7 days per week)
e) "hours" per "week" = 24 (24 hours per day)

These examples should show that practically any time frame may be used,
as long as the variable values are internally consistent. Example 2
i1lustrates that the "hour" variable must correspond to the t.ime value of the
original load data: In this instance, one "hour" equals three hours. In
examples 1 and 3, the “"week" varjable is equivalent to a month and a day,
respectively. Please note that the assigned values of the "hour" and "week"
variables will be used throughout the program. For example, a later input to 4
the program is "the number of weeks per subperiod a generating plant is down |
for maintenance." Then if the "week" variable is one day and the unit will be
down for 7 days, the "number of weeks per subperiod for maintenance" will be
7. Other variables which are input in "weekly" values are the weekly energy
capacity of storage and hydro units and the installment and retirement weeks

of generating units.
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SECTION 11
SYSGEN

The objective of this program is to find an operating schedule which
minimizes production costs, and to estimate the frequency, duration, and
probability of loss of load for a given mix of generation units and a given
customer demand. The program uses a modified Booth-Baleriaux technique which
teats plant outages as randomly occurring loads on other plants in the
utility system.*

The input data required for SYSGEN are divided into the following
sections:

A. Economic parameters

B. Program operation options (input options)

C. Transmission and distribution losses

D. Generating class data

E. Generating unit data

F. Loading order

G. Report opti. - and outputs from SYSGEN

* This methodology is described in S. Finger, "Electric Power System

Production Costing and Reliability Analysis Including Hydro-electric,
Storage, and Time Dependent Power Plants," MIT Energy Lab Technical
Report #MIT-EL-79-006, February 1979, and in D. H. Ebbeler, "Electric
Power Generation Systems Probabilistic Production Costing and
Reliability Analysis," (JPL working paper), April 1981.
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A, ECONOMIC PARAMETERS

The production costs in each time period may be reported either as
nominal or present values. Th2 economic parameters used by SYSGEN are 1) the
overall inflation rate, 2) the real discount rate, and 3) the nominal
escalation rates for fuel and operations and maintenance (0&M) costs.* These
values are entered as fractions, so a 10% discount rate is input as "0.10."
The in©lation and discount rates are assumed to be constant throughout the
simulation. The escalation rates, however, may vary by time period. All
rates are assumed to correspond to the designated time period length and are
constant over the subperiods.

Escalation rates may be varied by generation clas$ type, but not by
individual plants. These input data are thus entered with the generating
class data rather than with the other economic parameter data.

A1l input costs, such as fual and cost per start-up, should be input in
the same year's nominal dollars. The user may choose in what year's dollars
the production costs will be reported. If present worth values are not
desired, the user must set the discount rate to zero.

It is important to note that if the year the input costs are in is
before the year the simulation is started, then all costs will be adjusted to
start year nominal dollars using the general inflation rate, not the
product-specific escalation rate. The easiest way to avoid confusion here is
to input the costs in the start year's nominal dollars.

The following formulas are used to calculate the present worth factor

and the escalation factors for fuel and O&M costs.

An escalation rate is basically a product-specific inflation rate, e.q.,
a rise in fuel costs alone is designated by an escalation rate which,
these days, is higher than the general inflation rate.

~20-

e

Paveee




{’ et T

) I

. DR
cP1

CIN
PWFT

e . T
R

then

ESCOMy (1)

T T g

! ESCFy (1)
and
Cy

- PEy R e

T

ERom(1,T)
ERE(1,T)

CONVRT

i

]

#

-

#n

#

ki

"

14

n

current time period
generating class
discount rate

consumer price index

escalation rate for N&M costs for class 1 in time period T

escalation rate for fuel costs for class T in time period
T rave

conversion factor from input year nominal dollars to
report year nominal dollars

cost in the input year nominal dollars

present worth factor in time period T
(1 + m)-T

escalation factor for 0&M for class I at time period T
T - ,
JJ'ID + FRoy (1,t)]

escalation factor for fuel for class | at time period T

T
n [1+ Ere (4,1)]

present value in report year dollars of a cost incurred in
time period T of the study

Con

where ESC (1) = {

CONVRT

. ESC. (1) / PWF
(1 + cPI) T T

ESCOMT (1) for an O&M cost
ESCFT(I) for a fuel cost
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B. INPUT OPTIONS

SYSGEN has a set of logical variables that can be used to contro) the
Tevel of detail in the simulation. These options will supersede any input
parameters. For example, if the spinning reserve option is set to false and
the spinning reserve requirement is set to 200 MW, no spinning reserve will he
used in the simulation.

Not all of SYSGEN's input options are explained in this section. The
options on hydro and storage dispatchk, time-dependent plants, and loading
order are explained in Tater sections as appropriate.

1. Spinning Reserve Option: MSPIN

The spinning reserve algorithm is implemented after the economic loading order
is set up. The loading order is modified, if necessary, to meet the input
spinning reserve requirement. Three variables are needed to specify spinning
reserve:
1)  The required reserve, stated in one of the following three ways:
a) as a percent of peak load
b) as an absolute MW value
c) as a fraction of the largest unit on line.
2)  The maximum percent of any unit to be credited to spinning reserve.
3)  The maximum number of units to be displaced in the economic loading
order to meet spinning reserve.
In reality, no utility ever loads its plants as SYSGEN does, i.e., starting
cold with no energy generated and having to bring base units on-line. In a
real utility, the base units are always running and the amount of capacity on
spinning reserve is relatively constant. But as a computer model, SYSGEN does

not see a unit as available for spinning reserve until it is partiaily loaded.
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Thus, SYSGEN calculates the avajlable reserves as the remaining ¢apacity of
units that have been partially loaded, up to the maximum percent of the unit
specified in (2) above.* The following scenario should serve to illustrate
this.

Suppose the loading will be started with two coal plants having
capacities of 400 and 600 MW. Each coal plant has five loading increments, as

follows.
Incremental Incremental
Unit Capacity Unit Capacity
Coal 400 100 Coal 600 150
60 90
80 120
80 120
80 120

The spinning reserve has been set to 300 MW. A maximum of 50% of any
unit may be credited to spinning reserve. Further, assume that the economic
loading order is to load all of the 600 MW unit and then the 400 MW unit. It
can be seen, however, that if all of the 600 MW plant is loaded before the 400
MW plant, the available reserve will be less than 300 MW for some period of
time. SYSGEN therefore will load the first two increments of the 600 MW unit,
then load the first increment of the 400 MW unit. The "load/not load"
decisions made by SYSGEN for the first few increments are shown in the table
below. Note that the available reserve is not allowed to fall below 300 MW

and that no more than 50% of a unit is ever credited to spinning reserve.

This method of calculating the available spirning reserves is valid in
the deterministic case, but it may not be appropriate when plants are
modeled probabilistically since a zero forced outage rate is implicitly
assumed for the plant when it is on spinning reserve.

-23-
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Table 2. The Effect of a Spinning Reserve Requirement

on Loading Order

Increment Increment Reserves System Load
Unit Number Capacity Available Capacity Decision
600 1 150 300 150 Yes
600 2 90 300 240 Yes
600 3 120 240 No
400 1 100 500 340 Yes
600 3 120 440 460 Yes
600 4 120 320 580 Yes
600 5 120 200 No
400 2 60 320 640 Yes

The loading order option (LORDOP, explained on p. 39) will supersede the
spinning reserve requirement. For example, suppose the loading order option
chosen required that all base units are loaded befare any intermediate, and
all intermediate units are loaded before any peak units. Then no intermediate

units can be brought up to satisfy the spinning reserve requirement if not all

base units have been loaded, no matter what value of spinning reserve is input.

2. Multiple Increment Option: MULT

MULT controls the multiple increment loading algorithms. If MULT is set
to false, units are modeled as on/off variables (i.e., as a single
increment). The single increment characteristics can be input or, if left
blank, will be computed from the data for multiple increments. Note that if
MULT is set to false, then MSPIN is automatically set to false by the program

because of the method used to calculate spinning reserve.
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3. Frequency Curves Option: MFREQ

MFREQ controls the frequency and duration algorithms. If MFREQ is set
to false, no frequency curves are read in, and no frequency calculations, such
as the expected number of startups, are made.

SYSGEN uses the average duration of each load level in calculating the
amount of capacity available for spinning reserve. If MFREQ is set to false,
but the spinning reserve option, MSPIN, is set to true, then the frequency of
every load level will automatically be set to 1/number of "hours" in a day.
This is a modification of the original MIT SYSGEN program. If MFREQ is false
in the MIT version, then the frequency of every load level is assumed to be

one.
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C. TRANSMISSTON AND DISTRIBUTION (T&D) LOSSES

T&D losses may be simulated for both conventional and time-dependent
plants. Conventional plant losses are accounted for by dividing the energy
output by a penalty factor specified by the user. Thus, a panalty factor of
1.0 will mean there are no T&D losses for that plant. (Note that the penalty
factor cannot be less than 1.0.)

Time-dependent plant losses are modeled as decreases in the load
reduction curves. The marginal losses in MW at up to ten load levels may be
specified. The load levels are given as percentages of peak demand, and the
intervals between demand levels do not have to be equal. Linear interpolation

is used to find the intermediate losses.
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D. GENERATING CLASS DATA

Each plant in SYSGEN must be assigned to a qenerating class, such as a
hydro, diesel, or storage class. The input variables which are specified by
class type are the cost escalation rates, the forced outage multipliers
(explained below), and the generation type, i.e., hase, intermediate, or
peaking generation. Up to 34 class types may he created.

Hydro, storage, and time-dependent plants must be assigned to
pre-specified SYSGEN class types:

1) A1l budrg plants must be assigned to class type "HYDO" when using

FEPS, and to "CHY" when card input is used.

2) A1l storage plants must be assigned to class type "STOR" when using
FEPS, and to "STQ" when using cards.

3) A1l time-dependent, plants must be assigned to class type "LDRD"
(short for "load reduction") when using FEPS, and to "TDP" when
using cards.

If these plants are not assigned to the proper classes, then SYSGEN will treat
them as conventional units.

The forced outage rate of a plant jis the percent of time the plant
breaks down and is not operating (sometimes called "unscheduled maintenance").
A forced outage rate is input for each plant in the simulation. A variahle
called the "forced outage multiplier" may be used to increase a plant's forced
outage rate during specific time periods. This multiplier would he used, for
example, to account for variations in the re]iab%?ity of a newly installed
plant.

The forced outage multiplier is used as follows:

it

Let FOR 5 input forced outage rate for unit j.

IFOR§ 5

f

forced outage multipler for unit j in
year 1.

.27
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then Fij FORj X IFORi:j = forced outage

rate for unit j in year i used in
SYSGEN calculations of LOLP.

Two things should be noted here. The first is that forced outage
multipliers are assigned by generating class, not by plant. Thus, if you only
want to vary the fzilure of one plant, you must create & new class for it.

The second point is that SYSGEN includes the time a plant is out on scheduled
maintenance in the calculation of the plant's effective capacity.* Thus,
forced outage multipliers should not he used to account for time that the
plant is down on scheduled maintenance.

The escalation rates and forced outage multipliers are entered in the
form of "tables" (vectors, actually) with rates assigned by class type for one
or more periods in the simulation. A maximum of 10 escalation and 10 outage
tables for 10 periods (values) each may be specified. An example may be of
use.

Suppose a simulation runs for three periods and has two plant classes:
steam turbine and gas turbine. If the fuel and 0&M costs for these classes

all escalate at different rates, four escalation tables must be input. These

might be
Period
Class Type One Two Three Table Number
Steam Turbine
Fuel 0.06 0.47 0.08 1
08&M 0.05 0.05 0.06 2
Gas Turbine
Fuel 0.08 0.10 n.11 3
0&M 0.06 0.07 0.07 4
* The efrective capacity of a plant is defined as the capacity that a

100%-reliable plant would have to have in order to yenerate an equal
amount of power over the time period.
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On the other hand, 0&M costs for both classes miaht increase at the same

-

rate. Then only three tables need be specified:

3 | 3: Period
5 : Class Type One Two Three Table Number
» N
) ' 1 Steam Turbine
i s Fue) 0.06 0.07 0.08 1
: . i” Gas Turbine
k“ 4 Fuel 0.08 0.10 n.11 ?
3 0&M 0.05 0.06 0.04 3

If the number of escalation values entered is less than the number of

[

i ﬁ‘ time periods in the study, the last value entered is assumed to hold true for
. the remaining time periods. Thus, if an escalation rate will he constant in
| the study, that value need only be entered once in the first time period.

| i - Note that the same escalation rate table may be assiqned to any number
! b of classes and for either fuel or O&M costs.

? =i The forced outage multipliers are set up in the same way, with one

exception. If a value in the multiplier table for a given period is set to
zero or left blank, the forced outage rate for plants in that class and time

period will be calculated as zero (as can be seen from the equation on

w ,* -

page 28: Fij = IFORij X FORj = 0 if IFORij is 0). If the forced

outage rate will not be altered for a class, a value of "1.0" should be

Soeibibiic
i

taee Bl I !

entered in the multiplier table. Once a value of 1.0 has been found in that

«,, ‘."

table, all subsequent periods in that table are assumed to have the value 1.0
unless other values are explicitly entered. Consider the following three

multiplier tables:

Period
Table 1 2 3 A
1 1.2 1.1 -
2 1.2 1. 1.0
3 1-0 - -
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With Table 1, the forced outage rates calculated will be higher than
originally set in time periods 1 and 2, but in time periods 3 and 4 the rates
will be zero (thus simulating a totally reliable unit). Table 2 will cause
the program to apply the original forced outage rate in time periods 3 and 4,
with higher rates in the first two periods. If Table 3 is assiqgned to a

tlass, no forced outage multiplier will be used, so the aoriginal forced outage

rate is applied in all four time periods.

3

i

-

;

i 1)
\ 3)
5 4)
! ,
? 5)

In summary, the generation class data required is

Number of generation classes in the mix (e.g., 2 nuclear plants, 4
coal fired, and 3 gas turbines = 3 generating classes)

Class name of each (e.g., COAL, HYDO)

Whether the class is base, intermediate, or peaking generation
Cost escalation tables for fuel and 0&M

Forced outage multiplier tables
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additional
1)
2)
3)

4)

5)
6)
7)
8)

9)
10)

11)

E. GENERATING UNITS

There are three special types of generating units in SYSGEN: hydro,
storage, and time-dependent plants. All other generating plants are called
conventional units.
4 The following 1ist is a summary of the input data required for all types

of generating units. Hydro, storage, and time-depenient plants require

inputs which are explained at the end of this section.

The generation class to which the unit belongs

Incremental loading data, if relevant

Instaliment year and week (e.g., a unit installed on February 2,

1979, would be year = 1979, week = 5, if real weeks are used)

Retirement year and week (e.g., a unit retired on December 1, 1980,

would be year = 1980, week = 48, as above)
Fuel cost for the unit ($/MBtu)
Variable 08M cost ($/MWh)

Cost per startup ($/startup)

Cost per MWh to keep unit as spinning reserve without generating

power ($/MWh)

Mean time to repair after failure (hours)

Penalty factor, used to account for unit-specific transmission

losses

Preventive maintenance data for each unit. It is important to note

that the maintenance cycle is referenced to the installation date

of the unit, not the start of the simulation.
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It is assumed that maintenance is cyclically scheduled, and the
cycle may be from one to ten periods long. Within each cycle, the
subperiods during which maintenance is performed and the number of
weeks in those subperiods the unit is unavailahle due to
maintenance must be specified. The number of weeks is an integer
value which may vary by subperiod. If a plant is out more than one
subperiod in a row, this must be entered explicitly.

Example: Simulation is started on January 1, 1988, and the unit is
installed January 1, 1989, It is being put on a two-year

maintenance cycle, with the following schedule:

June 20, 1989 1 week
December 10, 1989 2 weeks
June 15, 1990 2 weeks

December 11, 1990 3 weeks

Period length = 1 year, 12 subperiods (months) per period. Then
cycle length = 2 and

Period 1: 6
12
2

Period 2: :

———

IWN ]"\)—-

Y.

S g e R RN S S L




I R R

12) Capacity, heat rate (MBtu/MWh), and forced outage rate (average for

the plant and for each loading incrzment of the plant, if
j applicable)
1 For example, a 400 MW plant with four loading increments might have

the following characteristics:

Cumulative Heat Rate Forced
Increment Capacity (MBtu/MWh) Qutage Rate
j 1 80 16.9 0.03
] 2 160 12,2 0.0194
g 280 11.8 0.019

J
s
; , 400 12.0 0.0279
i
s The forced outage rate is actually a conditional probability. Each
:

increment has an independent probability of failing, but increments

e

f must be loaded sequentially. Thus, the forced outage rate of

i increment i is the conditional probahility that all increments
before i have been loaded and increment i cannot be loaded. In the
example above, each increment had the following independent

probabilities of being loaded:

Probability Probability
' ; Increment of Failure of Success
1 0.03 0.97
\ 2 0.02 0.98
: 3 0.02 0.98
) 4 0.03 0.97
% The probability that cumulative capacity equals zero is simply the
: probability that the first increment fails, so the forced outage

BRI il

rate for the first increment is 0.03. In order for cumulative

capacity to be exactly 80 MW, the first increment must be loaded ,

and the second increment must fail. Then the forced outage rate
for the second increment is (0.97)(0.02) = 0.0194, and so on.

In practice, the incremental probabilities are not availahle. The
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forced outage rates given are usually a total outage rate for the “3
plant. In the example above, the total forced outage rate is .
0.0963 (i.e., the plant will be be aenerating at full capacity gi %
90.37% of the time). This total outage rate may be obtained two g E i
ways: 1) Tt is the sum of the incremental forced outage rates, or -

2) it is one minus the product of the independent success j

probabilities. .
1. Hydro Units %i
The only additional data required for a hydro unit is the "weekly" - E

size of the hydro reservoir in each subperiod, expressed in megawatt hours.

Hydro power can be dispatched in two different ways. The first is to

delay loading until the hydro unit can generate all its energy at full R

| capacity. This delay is determined by the equivalent demand curve: The hydro cu

R ool

unit will not be loaded until the remaining demand for energy is less than the 5 |
available hydro energy. The second dispatch'strategy is to simply load all 1
hydro units first at a reduced capacity to generate all of their energy. If B i
the input option MDLAY is set to true, then the first hydro dispatch is used. 1
If MDLAY is set to false, then the hydro units will be loaded first as base
generation, even if the hydro units are classed as peak or intermediate - j
generators. ”i o

The first strategy is expected to give a more cost efficient use of the
hydro energy than the second strategy, since more energy is removed from the
peak when the hydro dispatch is delayed.*

A second dispatch option, MOVE, allows SYSGEN to interrupt the loading

* The first strategy is optimal in deterministic production costing, but
may not be optimal for probabilistic production costing. See D. H.

& Ebbeler, "Electric Power feneration Systems Probabilistic Production

] Costing and Reliability Analysis," (JPL working paper), April 1981, and

T G. Fox, "A Stochastic Formulation of Electric Generation System

? Reliability Measures," (JPL working paper), January 1981.
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of a conventional unit and back it off until the total energy demand exactly
equals the hydro energy available. If MOVE is not true, then hydro units may
only be loaded after increments of conventional plants have heen fully loaded.
Purchased power can be modeled in SYSGEN as a hydro plant. The only
difference is that the fuel cost in $/MBtu should be set to the purchase price
in $/MWh, and the "heat rate" of the plant is set to 1.0.
2. Storage Units

Two distinct steps are involved in modeling storage units:
charging the units with excess energy and then dispatching the stored energy.
The following data are required for each storage unit:

1)  The charging capacity, in megawatts

2) The forced outage rate for the charging cycle

3) The overall efficiency of the storage and generation process,
measured by the product of the charging and discharging
efficiencies (or equivalently, energy available from storage/energy
generated to charge storage)

4)  The reservoir size in megawatt hours available from storage in a
"week." This value should be the most energy available from
starage to meet demand when charqing and discharaing efficiencies
are taken into account.

The input option MSTOR determines how storage is handled. If MSTOR is
set to true, then the amount of energy stored is determined by the expected
excess energy available from base units, expected storage plant failures, and
the expectad cost of the stored energy. If there is more than one storage
unit, then they are ranked so that the largest ones are filled first. It
should be pointed out that these storage algorithms are not optimal. The
program assumes that the storage units will be filled, and then asks when they
should be loaded, missing the question of how much enerqy should actually

-35-
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be stored, based on the marginal cost of adding energy to storage.

If MSTOR is set to false, then the energy available from storage is
taken as the input storage size. The marginal cost of storage is similarly
set to the average cost of base loaded energy.

The input options MDLAY and MOVE alsv control the dispatch of stored
energy. As with the hydro dispatch, if MDLAY is false, then storage units are
loaded at reduced capacity with conventional units by their marginal cost.*

If MDLAY is true, then loading is delayed until all the stored energy can be
discharged at full capacity. The MOVE option controls the storage dispatch
exactly the same as HYDRO dispatch.

3. Time-Dependent Units

As stated previously, time-dependent generation is modeled as a
reduction in the net load on the utility system. The plant itself is not
modeled by SYSGEN, so no costs or energy generated are calculated by the
program. In other words, SYSGEN treats the actual time-dependent plants and
their output as exogenous inputs to the system.

The user can simulate increasing penetration levels by having SYSGEN
multiply any given load reduction curve by integer values up to 99. For
example, suppose a load reduction curve is the simulated output of a one-MWe
solar plant, and the user wishes to simulate a system of 5 one-MWe plants.
The user may specify that five time-dependent units are to be simulated, and
the program will multiply the input load reduction curve by five.

SYSGEN is set up to run a base case using the oriainal load curves, and

then one or more solar cases using the modified load curves. Each set of

* See D. H. Ebbeler, "Electric Power Generation Systems Probabilistic
Production Costing and Reliability Analysis," (JPL working paper), April
1981, for the appropriateness of interpreting this calculated cost as a
marginal cost and for using that cost in both the hydro and storage
dispatch algorithms.
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cases can contain up to four load reduction curves, and there can be a total

of twenty cases run at one time. The input data for time-dependent units aré:

1) Total number of cases to be run. A base and one solar case would
be a total of two cases, one base and two solar cases would be
three cases, and so on.

2)  The number of load aduction curves to be included in each case
must be specified. The base case would normally use zero load
reduction curves and a solar case would use from one to four
reduction curves.

3) Each load reduction curve corresponds to one type or size of
time-dependent unit. But as explained above, specifying more than
one time-dependent unit will cause these curves to be increased
appropriately. The user must input the number of units to go with
each load reduction curve.

As an example of how this case stiucture may be used, suppose one wants
to set up solar plants at two sites and there are three from which to choose.
We can find the two that are the most complementary by running case sets on
the three possible combinations of sites. Three load reduction curves, one
for each site, would be generated by the appropriate solar plant simulation.
SYSGEN would produce four cases: the base case without the solar output and
one case for each site combination. Each solar case would include two load
reduction curves. The best combination of sites would be the case with the
highest fuel and/or canacity credit.

The input option MLRED (described on p. 38) is used to specify whether
time-dependent units will be simulated. MLRED should be set to true if any
load reduction curves will be used.

The following is a summary of the input options used to control hydro,
storage, and time-dependent units.

4. Hydro and Storage Dispatch Options: MDLAY, MOVE

MDLAY controls the hydro and storage dispatch strategy. If MDLAY
is set to false, then reservoir hydro units are always loaded first, at

reduced capacity to generate all their energy. Storage units are loaded as
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soon as their marginal costs put them in the loading order.* If MDLAY is set
to true, then hydro and storage units are delayed until they can gerierate all
their energy at full capacity.

MOVE also controls the hydro and dispatch strategy. If MOVE is set to
false, limited energy plants are loaded only at valve points of other units.
That is, tests are made on the viability of bringing up a storage or hydro

plant only after the previous increment has been completely loaded. If MOVE

is true, then it is possible to split increments and load the hydro or storage

unit at points other than the valve points of other units. Setting MOVE to
true will result in more efficient use of hydro and storage energy, but the
running time will be longer. If MDLAY is set to false, MOVE is automatically
set to false.

5. Storage Cost Option: MSTOR

MSTOR controls the storage programs. If MSTOR is set to false,
then the marginal cost of storage is set to the average cost of base loaded
energy. The expected energy available is taken from the input reservoir
size. An approximation of base load energy supplied is made on the basis of
excess base load energy available, disregarding capacity constraints. If
MSTOR is true, then the storage algorithms are implemented. The dispatch of
the storage is controlled in either case by MDLAY and MOVE,

6. Load Reduction Option: MLRED

MLRED is used to determine if any load reduction curves will be
used in the simulation. If MLRED is set to false, then no cases with

time-dependent units will be run.

* ‘Again, see D. H. Ebbeler, "Electric Power Generation Systems

Probabilistic Production Costing and Reliability Analysis," (JPL working

paper), April 1981, for the appropriateness of the non-delay option
(i.e., setting MDLAY to false).
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F. LOADING ORDER

SYSGEN wil) load units in order of increasing marginal cost, subject to

the following constraints: 1) valve points of a unit must be loaded in order

(the third valve point cannot be loaded until the first two have been loaded);

2) hydro and storage units will be interpolated where they can discharge all
their energy to minimize costs, subject to two of the input options discussed
previously, MDLAY and MOVE; and 3) the order may be modified to meet spinning
reserve requirements, subject to the input option MSPIN. A modification due
to the spinning reserve requirement is illustrated in the following example.
Suppose three coal plants called A, B, and C are being loaded. If the

economic loading order is A, B, C, but the summed capacity of A and B did not

meet the spinning reserve requirement, and the summed capacity of A and C did,

then C would be loaded with or before B. The user may specify how far into
the economic loading order the program may search to find a unit to meet
spinning reserve (e.g., one unit down the line, two units, all units, etc.).
There are two loading order options. The first option, LORDOP, is used to
specify the loading order at the group level (i.e., base, intermediate, or
peak), and the second, MLORD, is used to specify the entire loading order by
unit or valve point.

1. Loading Option One: LORDOP

LORDOP is the only input option that is not a true/false input.
This option wili sort plants by marginal cost within groups, where the user
specifies the order of the groups. For example, one may want all base units
Joaded, followed by intermediate and then peak. Or base and intermediate

units can be sorted together, followed by peak. This is indicated by a

three-digit number, XYZ, where: X position = base group

Y position = intermediate group

Z position = peak group (1< X, Y, Z<3)
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and the values of X, Y, and Z determine when the group will be loaded.
For example,
XYZ = 123: base, intermediate, and peak units are sorted
separately. All base units are loaded before any
intermediate units, and all intermediate units are

loaded before peak units.

XYZ = 112: base and intermediate units are sorted together and
loaded before peak units.
XYZ = 321: base, intermediate and peak units are sorted

separately. A1l peak units are loaded first, then
all intermediate units, then the base units,
(Default Option: XYZ = 111)
2. Loading Option Two: MLORD

MLORD controls the loading order computation. If MLORD is set to
false, the user determines the entire loading order instead of having it
computed by the program. Only one loading order may be specified, and it is
assumed to be the same for all time periods. If a plant is unavailable
because it is on maintenance, retired, or not yet installed, then it is
automatically skipped in the loading stack. The capacity of hydro plants and
storage plants are adjusted so that they discharge as much energy as possible
at their designated loading point. If MLORD is false and MSPIN is true,
SYSGEN will compute the cost of keeping the necessary units on spinning
reserve, but it will not change the loading order. If the units being loaded
have valve points, the units may be partially loaded. For example, with two
5-valve point units, the first three valve points of unit A can be loaded,
then the first two from B, then one from A, and so on. The only constraint is
that in order to load the jth valve point of a unit, all previous valve
points must be loaded first.
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G. OUTPUTS FROM SYSGEN

SYSGEN has seven report modules, described below. The user can control
which modules are printed with the five report options explained at the end of

this section.

1. Initial Plant and System Report

This is an echo print of the input data. (See pages A-1 to A-10 of
the sample output file in Appendix A.)
2. Sorted Limited Energy Plant Report

The sorted limited energy plant report writes out conventional
hydro and storage information showing the order in which they are considered
for loading.

Variables in report:

n

Hydro/Storage load units' position in the loading stack,
number (1D) e.g., if STORAGE ID = 2, then that
unit will be loaded only after the
storage unit with ID = 1 has been
loaded, if unit 1 is available.

Unit index = the unit's identifying number.

Hours per time period " the number of hours that the unit can
generate at full capacity. (This is
the reservoir size divided by the
unit's capacity.) The hydro arrays
are sorted by this number from
greatest hours to smallest.

reservoir size of the unit.

1}

MWhs per time period

3. Probability Curve Report

This report writes out information for the equivalent load demand
curve. A1l values (except the area) are in MWs for the curve. (See, for
example, page A-13 of the sample output file.)

Varijables in report:

1

Load curve spacing number of MWs between each array

point on the curve printed beneath.
Minimum demand = minimum customer demand.
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Maximum demand =

]

Equivalent demand area

Demand curve =

4. Plant Report

The plant report gives the
loaded. (See page A-11 in the sample

Variables in report:

Unit index =

Unit name =

Unit type =

]

Unit valve point

MW added =

Expected start-ups =

Added expected energy =

s | aat

maximum equivalent demand. For the
initial demand curve, this is the
peak demard. For the final demand
curve, this is the peak demand plus
installed capacity.

area under the probability curve.

For the initial demand curve, this is
the energy demand on the system. For
all other curves, this value does not
have physical significance.

equivalent demand probability curve.
These values are the probability that
the equivalent demand will be greater
than or equal to each demand level in
the load duration curve. The first
value on the curve is the probability
that the demand is greater than one
load curve spacing; the last value is
the probability that th2 equivalent
demand is greater than the maximum
original demand.

information on each unit after it is

output.)

input order of the unit (internal
identification number).

user identification for the unit.

class name and loading type, e.g.,
coal, base.

valve point of the unit currently
being loaded.

capacity loaded in this step (MW).

expected number of times the unit is
started up. Reported only for the
first valve point.

energy (MWh) expected to be generated
by the current valve point to meet
customer demand.
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Fuel cost = preseni. worth of the expected fuel
cost in the time period for the
current valve point (thousand $).

0&M cost = present worth of the expected O&M
cost in the time period for the
current valve point (thousand $).

Expected start-up cost = present worth of the expected cost of
starting up the unit. Calculated
only for the first valve point
(thousand $).

Spinning reserve cost = present worth of cost of using the
unit for spinning reserve. Reported
with the values for the last valve
point (thousand $).

b

Total cost sum of fuel, O&M, start-up and

spinning reserve costs (thousand $).

1

Total capacity factor unit capacity factor. Capacity
factor = total energy generated
divided by the product of the MWs
loaded and the number of hours in the

time period.

n

Energy used for storage energy generated for storage by the

current valve point (Mwh).

Capacity factor after storage total capacity factor for a base

loaded plant that is used for storage.

5.  Subpericd Report

The system summary report prints out data on the system in each
subperiod after all units have been loaded. (See page A-12 of the sample
output file.) The first page of the summary report gives the total energy
generated and total costs for each unit in a format similar to the plant
report described above. In addition, the total system costs for the subperiod
and the effective capacity of each unit are printed. The effective capacity
of a unit is defined as the capacity of a 100%-reliable unit which would
generate an equivalent amount of expected energy. If the input option MSTOR

is true, a report on storage losses is written.
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6. System Report

The system report prints

subperiod or for a time period (see

Peak demand

Customer energy demand

Load factor

Unserved energy demand

Percent energy unserved

Loss-of-1oad probability

Magnitude of loss of load
Frequency of loss of load
Duration of loss of load
Total expected energy
generated

Fuel cost

0&M cost

Total cost

GBtu consumed

the following variables for either a

page A-14 of the output):

=

=

=

i

peak customer demand (MW).
original customer energy demand (Mwh).

energy generated/(peak demand x
hours).

expected energy demand which cannot

be met by the installed capacity
(MWh).

percent of original customer demand
that cannot be met.

probability that the customer demand
cannot be met or, equivalently, the
percent of time customer demand
cannot be met.

expected magnitude of each loss of
Toad (MW).

number of times in the subperiod or
period that the load cannot be met.

average duration of each loss of load.

sum of the expected energy generated
by each unit (MWh).

total system expected fuel cost
(million §).

total system expected 0&M cost
(million $).

total system expected cost including
fuel, OKM, start-up, and spinning
reserve costs (million $).

expected input energy consumed by
each class, reported only at the end
of the time period (109 Btu).
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7. Grid File
This file is generated by SYSGEN to be used as an input to SCYLLA.
SCYLLA computes the worth of time-dependent units to the system using a static

ecanomic analysis. The following data are compiled for each subperiod:

Record Description
] load curve spacing

loss of load frequency

r loss of load duration
;' ) 2 loss of load probability
. ; 3 installed capacity for
i | each class
‘ 4 energy generated by
| each class
' 5 fuel cost for each class
d | 6 0&M cost for each class
§ 7 equivalent demand curve (forty

values centered on a zero loss-of-
load probability)

For each time period, the total loss-of-load probability, frequency, and
duration curves are written at the end of the file.
The following table shows the options used to control the reports
printed in the computer output.
Table 3. SYSGEN OQutput Options

Report Option
Report MMAXI MAXI MIDI MINI MGRID
Echo of Input Datu X
Hydro/Storage X
Probability Curve X
Plant Loading X X
X
X

Subperiod Summary
System Summary
SCYLLA Grid File X

Ny S W N
s e & s @« 9 =

- -45-




SECTION 1V
SCYLLA

SCYLLA 1s a iinear programming model which performs a statie
optimization of system aenerating capacity for the solar and no-salar cases.
Optimal changes in capacity are determined by the equivalent load duration
curves. Thus, the loss of load probability is held constant in determining
the solar capacity credit.

Unfortunately, there are a few problems with this technique.
Optimization is done by picking the cheapest base, intermediate, and peaking
class types and then duplicating them to meet the load requirement. With this
method existing capacity is not considered, and ike individual plants in the
simulation are not modeled. Further, in calculatiag the value of the solar
generation, the solar plant should be credited for th2 capacity that was
displaced and debited for the new installed capacity. Instead, the capacity
credit calculated by SCYLLA is the difference between the solar and the
no~solar optimal capacities. Revision of this methodology is being studied.

Most of SCYLLA's inputs are calculated by SYSGEN: class capacities, the
amount and cost of energy generated hy each class, and the equivalent demand
curve for the system. The only exogenous inputs are capital costs and
escalation rates by class type.

Figure 5 illustrates the calculation of the solar capacity credit. In
the top graph, the y-intercepts are the capital costs in $/MW-year for each
loading type. The slopes of the cost curves reflect the fuel and D&M costs.
The bottom graph shows the equivalent load duration curves for the solar and
no-solar cases. It can be seen that the solar capacity credit for each

loading type is B - B', I - I', and P - P!,
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$/MW-YR
Peak
Intermediate
Base
. + Hours per Year
MW . :
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P I :
s AN Solar Case
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B, B*<
\
0 100 Percent Time

P and I are tne original no-solar case optimal capacities of peak and
intermediate loading units. P' and I' ave the new optimal capacities
for the solar case. Optimal base loading capacity does not change.

Figure 5. Determination of Solar Capacity Credit
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SECTION V
SYSGEN SIMULATION INFUT QUESTIONNAIRE

This questionnaire follows the same general order as Sections II through
IV of this document and as the interactive input program, FEPS. See Appendix
B for an explanation of how to set up a data base using batch card input.

It should be noted that the unit-specific questions, 44 through 61, will

be repeated for each unit in the simulation.




A. TIME PARAMETERS
1)  First vear of the study (e.q., 1980):
2) Last year of the study (e.g., 2000):

3) Number of time periods in the study (note that this
should be the last year minus the first year plus 1):

1) Number of subperiods in each period:

5) Number of "hours" in a time period: I
6) Number of "hours® in each "week":
i 7)  Value of the length of the "hour" variable i
' (e.q., hourly, daily, etc.): .
; o
: 8) A four (4) character name for the length of the “week" e
variable (e.q., "MNTH" or "WEEK"):
b

9) Number of "weeks" in each subperiod:

Table 4. Weeks per Subperioed

? Subperiod Week Subperiod Week Subperiod Week {
1 19 37 1
2 20 38 |
3 21 39 '

’ 4 22 40
5 | 23 i 2
6 24 42 o
7 | 25 a3
8 26 - a4 | o
9 27 45 '
10 28 - 46 o
" - 29 L 47
12 30 | a8
13 N 19
14 | 32 | 50
15 33 51 i
16 34 52
V7 35 .,
18 36

oy
i
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10)

R. GENERAL AND ECONOMIC INPUTS

Title page heading: A title to appear at the beginning of the
report which may be up to 120 characters long, including spaces.

11)

12)
13)
14)

15)

16)

Report heading: A title to appear at the top of each page of the
report which may be up to 40 characters long, including spaces.

In what year's dollars are the input costs?
(e.q., 1978)

In what year's dollars do you want the output costs
to be reported? (e.g., 1980)

Conversion factor from input year nominal dollars (12)
to report year nominal dollars (13):

Consumer price index over the planning period
(0<cPI1L£1.0):

Discount rate (real, before tax) to be used in the present
worth calculation (0<DR<1.0):
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C. ORIGINAL LOAD AND LOAD REDUCTION DATA

The original load data are the values of electricity demand from which hiz
the load duration and frequency curves are formed. The load reduction data
are normally the power output of a time-dependent plant, such as solar
thermal, photovoltaic, wind or geothermal generation.
If these data are to be provided on cards, they should be readahle on an
IBM machine and in 12F5.0 format (12 data points per card, starting in column
21).* :
If these data are to be provided on tape, the tape should have the ' ﬁé
following characteristics:

standard IBM tape, 9 track

1600 BPI
RECFM = fixed hlock .
LRECL = 80

BLKSIZE = 3200
data points in F5.0 format; 12 points per line .
no label on tape {

T ¢ 1t & v ¥

Note again that the load data and the load reduction data must contain ?i
the same number of points, use the same time intervals, start at the same
point in time, and be in the same units, e.qg., Md or kW.

17}  How many data points are in the original load curve?
(0 < # points < 8,784)

18)  How many load reduction curves are there?
(0 < # curves < 4)

19)  How many load duration curves will be calculated?**
(0 < # curves < 52)

* Unless FEPS is being used to create the data base. With the appropriate vy b

commands, FEPS can transform original data in almost any format into a 4

usable SYSGEN duta base. For further information, see the FEPS lser we

Documentation, JPL Working Paper, November 1980. j

; o
| **  Note that the number of load duration curves is equal to the number of o
! subperiods in each period. o
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20)

21)

How many load shape points in the load duration curves
do you want to use? (0 £ # points < 100)

ELECYRA automatically creates load duration curves which correspond
to the subperiod structure of the simulation. Thus, load duration
curves will be formed sequentially from the original load data, and
there will be one LDC formed for each subperiod.

SYSGEN, however, allows the user to assign the LDC's to any
subperiod desired. For example, a given LDC may be used in more than
one subperiod, or the LDC assigned to a subperiod may vary by period.

In Table 5 on the following page, one should designate in which
period and subperiod(s) each load duration curve is to be used. Please
note that if the FEPS program is being used to createthe data base, then

this information is input in the ELECTRA mode.
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Table 5. Specification of Load Duration Curves

LOAD LOAD
; DURATION DURATION
ﬁ CURVE ~ PERIOD  SUBPERIQD CURVE PERIOD  SUBPERIOD
5 1 27
- 2 28
3 29
| 4 30
| 5 31
| 6 32
| 7 33
| 8 34
9 35
10 36
1 37
. 12 38
| 13 39
14 40
15 a
16 42
: 17 43
18 44
19 45
: 20 46
21 47
22 48
23 49
. 24 50
25 51
26 52

T
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22)

23)

24)

25)

26)

27)
28)
29)

30)
31)
32)
33)

D. INPUT OPTIONS
MSPIN = T F (circle one)
If MSPIN is false, skip questions 23 - ?5.

Choose one of the three following methods of stating required
reserve:

a) Required reserve is a percent
of peak load: %

b) Required reserve is an ahsolute
MW value: MW

c) Required reserve is a fraction of
the largest unit on line
(0LRR L)

What is the maximum percent of any
unit to be credited to spinning
reserve? N

What is the maximum number of units
to be displaced in the economic
Toading order in order to meet the
spinning reserve requirement?
(integer value)

MULT = T F (circle one)

(Note: If MULT is set to false, MSPIN is automatically set to

false.)
MFREQ = T F (circle one)
MLORD = T F (circle one)
LORDOP = (3 digit number designating base, intermediate, and
T peaking order)
MDLAY = T F (circle one)
MOVE = T F (tircle one)
MSTOR = T F (circle one)
MLIRED = T F (circle one)
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E. GENERATION CLASS DATA

34)  Number of generating classes (1<X<34):

35) Class name of each (can be up to 4 characters long, including blanks),
followed by class type, where B = base, I = intermediate, and P = peak;
:' (e-g., ]o COAL, B, 2- HYDO! P)'

3
Table 6. Designation of Generating Class Name and Type
Class Class Class Class Class Class
Number Name, Type Number Name, Type Number  Name, Type
| 1 13 25
| 2 14 26
3 15 27
? 4 16 28
? 5 17 29
6 18 30
7 19 31
r 8 20 32
9 21 33
| 10 22 34
| n 23
12 24
|
|
.
| -56-
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36) In the table below, indicate the capital cost in $/MW of a plant in each
class type. Note that these inputs are not necessary if the user is not
running SCYLLA.

Table 7. Capital Costs by Class

CLASS CLASS
NUMBER S/ NUMBER $/Mu
1 18
P 2 — 19 o
) ‘ 3 — 20 —
| 4 21 _
) 5 22
‘ 6 23
\ 7 - 24
8 25
f 9 | 26
g 10 27
| 11 28
12 29 _
' 13 | 30
14 31
15 32
16 33
17 — 34
[
E 5.

Bkoc! £l
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37)

38)

39)

How many cost escalation tables will be input?
(0<# tables £10)

How many forced outage multiplier tables will he input?
(0<# tables <£10)

Tables 8, 9, and 10 are all used to assign the cost escalation
rates and outage multipliers, In Tables 9 and 10, each set of rates and
multipliers is identified by a table number from 1 to 10. These table
numbers, or reference numbers, are put into Table 8 to assiqn the rates
and muitipliers to the appropriate class types.

Note that there can be only ten total fuel, 0&M, and capital cost

escalation rate tables.
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Tabie Reference Numbers for Cost Escalation Rates and Qutage Multipliers

Table 8.

18
19
20

21

22
23
24

25

26

27

28
29

30
31

32

33

34
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Table 9.

Cost Escalation Rates

TIME
PERIOD

TABLE NUMBER
5 6 7
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I Table 10. Forced Outage Multipliers
i TIME TABLE NUMBER
PERIOD 3 5 6 7 10 |
1
¢
3
4
5
6
7
8
9
10
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40)

41)

F. TRANSMISSION AND DISTRIBUTION LOSSES

For how many load levels will time-dependent plant losses

be specified? (1< # levels<10)

In the table below, specify the load levels as fractions

of the peak load and the marqginal loss at each levpl,

Table 11. Transmission and Distribution Losses

LDAD PERCENT OF

LEVEL PEAK_LOAD 'Cé‘é‘é’?’ﬁbl
1 [ —— PDSE—
2 -

3 PRSI ———
4
5
6 [ ——— [ ——
7 -
8
9
10
-62-
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G. UNIT SPECIFIC NATA

If time-dependent units are being modeled, the following data are |

required.

42)
43)

How many cases will be run? (1<# cases <20)

For each case, specify the total number of 10ad reduction
curves included, which ELECTRA curves they are (either curve
1, 2, 3, or 4 if it is a solar case), and the capacity
multiplier for each curve (i.e., the number of units to be
simul ated.)

CASE

1

NUMBER OF
CURVES INCLUDED

CURVE NUMBER OF
NUMBERS PLANTS

ARRRRRRRRR RN

B W NN =D WM D W N R D W) R W N
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NUMBER QF CURVE NUMBER OF
CASE CURVES INCLUDED NUMBERS _PLANTS
6 — 1 -
2 e o,
3 o ———
4 Sreesara—————)
7 —_— 1 e
2 merea———
3 o ——————
4 St Mt o
8 o 1 .
2 Aot o
3 Pt —————
4 At
9 — 1 o
? e —————
3 ——————————
4 T )
10 1
3 e,
4
11 | 1
2 e
3 T e e
4 -
12 - 1
2
3
4
13 1
2 -
3 e ————
4 Seemane——
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Unit Index

44) If this unit is a storage unit:

a)
b)

Charqing capacity of storage unit (MW):

Forced outage rate for charaing cycle
(0£X<£1.0):

"Week1y" energy size of storage unit (MWh);

Generating/charqing efficiency
(0£X£1.0):
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Unit Index

45)

If this unit is a conventional hydro plant, then the weekly MWh size of
(Note that these figures
will be constant over periods, e.q., if the "weekly" MWh size in
subperiod 1 is X, then the first subperiod in each year will have Mih
size X assigned to it.)

the reservoir in each subperiod is required.

Table 12. Hydro Reservoir Size hy Subperio