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Chapter Il

Calculation of Backup Requirements

The calculations presented in the previous chapter required an analysis of
conventional and solar energy equipment operating in real environments. The
techniques used to perform such an analysis were discussed generically in
previous chapters. The following discussion reviews the analytical method in
some detail. The Fortran programs used to perform the calculations reported
elsewhere in this study are based on the methods described in this chapter
and are reproduced in full in appendix IlI-B.

The analysis of system performance requires three basic steps:

1. Determine the onsite energy demand of the building (In the case of res-
idences, this includes heating, cooling, hot water, and miscellaneous
electrical demands.)

2. Determine the out put of solar collectors.

3. Determine the fraction of the on site energy demand that can be met from
solar energy directly or from storage and the fraction that must be sup-
plied from external energy sources (utility electricity, gas, or oil).

These three steps were performed for each hour of the year using
measurements of the air temperature and available sunlight recorded during
1962 (1963 in the case of Boston). The calculation of the heating and cooling
requirements of buildings was based on: the external temperature; an
assumed pattern of occupancy and appliance use; and, assumed ther-
modynamic characteristics of the buildings. A program (E-cube) developed by
the American Gas Association was used to convert the weather data and
building descriptions into an hourly estimate of the demand for heating and
cooling. Chapter V discusses the assumptions made about the buildings, and
the assumptions made about patterns of occupancy, appliance usage, hot
water demands, etc.

The performance of collectors was discussed generically in chapter VIl of
the first volume and the methods actually used in the analysis are discussed
in the final section of this chapter.

A critical question in the operation of a solar energy system is the amount
of backup energy required and the pattern of this backup demand. Assessing
the performance of an integrated system is a complex problem, however, and
techniques have not yet been developed for optimizing the performance of
such systems. The next few pages discuss techniques for approximating the
optimum performance of several tyyes of solar cogeneration systems in-
cluding the optimum operation of Possible combinations Of storage equip-
ment.

CONTROL STRATEGIES FOR COGENERATION SYSTEMS

Minimizing the energy required to oper-
ate both solar and fossil-fired cogeneration
or total energy systems requires a careful
control strategy. For example, it is necessary
to: 1) optimally allocate the space-condi-
tioning load between electrically powered

heating or cooling equipment and heat-
driven equipment (e.g., electric versus ab-
sorption chilling for heat pumps versus
direct heating); 2) determine the optimum
ratio between thermal energy and electric
energy produced by the cogeneration
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44 . Solar Technology to Today's Energy Needs

engines; 3) determine the best strategy for
charging and discharging storage; and 4)
determine the best strategy for buying
energy from or selling energy to an electric
utility or other backup power source. (Op-
timizing this last choice requires considering
how the cogeneration strategy affects costs
everywhere in the utility, which is a much
more complex problem than the one ad-
dressed here.) In general, the more flexible
the system, the less backup the system will
require since complex controls can ensure
that the system is operated as close as possi-
ble to the thermodynamic optimum for pro-
viding the necessary work. Greater flexibil-
ity and sophistication of controls often
mean an increase in system costs, and the
economic merits of these control systems
will need to be determined on a case-by-
case basis. The problem of optimizing sys-
tem designs and control strategies taking
full account of all of the real choices and
constraints has not been fully solved. All
that is offered here is a reasonable tech-
nique for approaching an optimum alloca-
tion, More work needs to be done in this
area.

The following discussion presents algo-
rithms for minimizing fuel use for a variety
of different types of equipment. In most
cases, controls for providing the kind of
switching called for in the calculations are
not now available; however, there is no
reason to believe that such controls could
not be developed if a demand for the sys-
tems emerged. Control systems can prob-
ably be manufactured quite inexpensively
using modern electronics. Unfortunately,
the control systems used on contemporary
cogeneration systems have been relatively
primitive, and there are few standardized
designs.

Figure 1lI-1 illustrates the general prob-
lem. Energy enters from three sources: 1)
high-temperature heat from a solar collec-
tor, 2) high-temperature heat from fossil fuel
available as backup, and 3) electricity used
as a backup. Three kinds of energy demands
must be met: 1 ) demands that can only be
met electrically (e. g., artificial lighting),

which is called EEE; 2) demands that can be
met either with electrical equipment or with
thermal energy (e.g., refrigeration can be
achieved with an electrically driven com-
pressor or with thermally driven absorption
equipment, and space heating can be
achieved using thermal energy directly or
with electric heating), which is called QSH,;
and, 3) loads that can be best met with
direct thermal energy when it is available
(e.g., domestic hot water or process heat),
which is called QP.

Figure lll-1.—The Problem
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The problem can best be understood by
following the flow of energy from the initial
source of high-temperature energy (Q,) to
the demands, examining the decisions that
must be made at each point. The first choice
needed is whether the high-temperature
energy should be sent to the engines or be
used directly. Figure IlI-2 shows valve #1
which splits the high-temperature heat send-
ing BQ,to the engines and (1 - RQ,to the
thermal loads where B represents the valve
setting. The high-temperature heat enters
the first engine and is converted into an
electrical output of BQHql, where 7, is the
efficiency of the first engine. Some of the
energy not converted to electricity is avail-
able as heated fluids. In a completely gen-
eral case, two waste heat streams may be
available: a “low-quality” waste heat stream
at a temperature too low for use in a bot-
toming cycle; and, a “high-quality” stream,
which can be used in a second engine. In the
calculations that follow, the ratio between
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the energy available as “high-quality” heat
and the electrical output of the first ‘engine
is called «a;, and the ratio of the energy avail-
able as “low-quality” heat to the electrical
output of the first engine is called ;.

Figure [lI-2—Simplified System Diagram
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If a second, or bottoming cycle, engine is
available, a choice must be made about the
optimum use of the high-quality waste heat
stream. The second valve can be used to
send part of this energy to the second engine
and part directly to thermal loads. The set-
ting of this valve is indicated through the
variable y. When 7 is 1, all of the high-
quality waste heat is sent to the second
engine.

With this notation, the net thermal (Q,)
and electrical (E) output of the system can
be written as follows:

[E/QH) = 6’7\ (1 +'Ya\772) m
QUQ) = (1=8 + B —Ma +a)) (2

Here 7, is the efficiency of the second
engine. The problem becomes one of mini-
mizing Q,for fixed energy demands E and
Q.. If there is no thermal demand, clearly
the optimum valve settings are 8 =1 and
Y =1. It can be shown that as thermal
demands increase, the best strategy will use
the following procedure: 1) leave B8 =1 and
¥ = 1 until the waste heat generated in this
way cannot meet the thermal demands, 2)
reduce the energy entering the second
engine (i. e, ¥ <1 ) while leaving 8 = 1 until
the thermal demand cannot be met with
B =1, 3) meet additional thermal demands
by leaving y = O and reducing 3. (See appen-
dix 1'11-A))

The method for determining Q,, 8, and vy
for a given E and Q,~ is as follows:

If Q~ <o EN(L + ~, M) tren
g =1

I
—
<
L

Q . Efn,(1 + a,1,))
If oy E/(1 + aymy) <Q, < (i + a,)E, then
B =1 (4)
v = [Ela, + a))=— Qa, (Q, n, + E)]
If (o, + @) E < Q,, then
= E/[E(1 =" (o + az]) + N QL]
y =0 (5)
QH = E/B"Iv

Another layer of complexity now has to
be added to describe optimum use of E and
Q.to meet the demands EEE, QSH, and QP.
The QSH load can be met electrically or
thermally. The performance of the electric
units is described by the electric coefficient
of performance COPE. Similarly, the coeffi-
cient of performance for the thermal unit is
called CO PA.

If COPA > 1, (COPE + (cv,+ &;) COPA), it
is more efficient to use high-temperature
thermal energy directly than to run it
through the heat engine and use the waste
heat and electricity. If this condition is not
true, it is more efficient to meet some of the
space-conditioning load (QSH) electrically,
If two engines are available, the best use of
the high-quality waste heat must be deter-
mined (e. g., is it more efficient to run it
through the second heat engine or to use it
directly?). If 7,COPE > COPA, it is more effi-
cient to run the high-quality waste heat
through engine #2 and then use the electric-
ity generated to meet the space-condition-
ing load instead of using the high-quality
waste heat directly (through COPA) to meet
the space-conditioning load.

The availability of storage equipment
adds another dimension of complexity.
Three types of storage are possible in cogen-
eration systems: 1) high-temperature stor-
age; 2) low-temperature storage; and 3) elec-
tric storage. It is assumed that storage is
never charged with backup power except in
the cases where backup fossil heat is used to
meet electric needs and excess waste heat
produced in the process is available to
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charge the low-temperature storage.

Low-temperature storage should not be
charged directly from collector output; it is
only charged when there is excess waste
heat or when there is overflow from high-
temperature storage. The use of high-tem-
perature energy is minimized if all available
energy in low-temperature storage is used
before any high-temperature energy is used.
High-temperature energy is kept in reserve
since storing energy in this high-quality form
maximizes the flexibility of using the avail-
able energy. A special problem arises when
both batteries and high-temperature storage
are available. It is assumed that batteries
will be more expensive than high-tempera-
ture storage and therefore batteries should
be kept charged whenever possible to maxi-
mize their use. This in turn assumes that the
batteries were sized in an optimum way.
When the high-temperature storage is filled,
the overflow is sent to be stored in low-tem-
perature storage. When low-temperature
storage is filled, the overflow is discarded in
a cooling tower or in some other way. If it is
possible to sell excess electricity to an elec-
tric utility grid, however, this analysis as-
sumes that an attempt is made to use the
amount of high-temperature energy that ex-
ceeds the capacity of high-temperature stor-
age to generate electricity for sale. The
amount of electricity that can be sold is
limited by the maximum generating capac-
ity specified for the engines. | n no case is
electricity sold when high-temperature stor-
age (when available) is not filled to capacity.

It should be noticed that in the analysis
displayed here, it has been necessary to
specify the hierarchy with which the storage
units are charged and discharged. The priori-
ties for using energy are: 1 ) meet onsite ener-
gy demands; 2) charge batteries; 3) charge
high-temperature storage; 4) sell electricity
to the grid; and, 5) charge low-temperature
storage. In some cases meeting the elec-
trical requirements results in a situation
where low-temperature storage is charged
because excess waste heat is available. The
priorities for discharging storage are: 1 ) dis-
charge low-temperature storage; 2) dis-

charge high-temperature storage; and, 3) dis-
charge battery storage. Given this set of
priorities, it is possible to optimize the use
of available energy. While a reasonable case
can be made for the priorities specified, it is
entirely possible that system performance
could be improved with a more sophisti-
cated strategy. Solving this problem, and
thereby allowing an optimum choice of stor-
age types and capacities, would require that
economic factors be considered along with
the analysis of energy use. Such an opti-
mization has not been attempted in this
study.

It can be seen that optimizing a general-
ized cogeneration system can be complex.
The following sections present a detailed
description of the logic used in a computer
program designed to simulate the perform-
ance of optimized systems (a listing of this
program is in appendix I11-B). The logic de-
pends on the type of backup energy avail-
able.

COGENERATION SYSTEM WITH
ELECTRIC BACKUP

Figure 1lI-3 shows the most general form
for a cogeneration system which relies en-
tirely on an electric utility for backup. As
the loads must be met either from the out-
put of the solar collectors, storage devices,
or by backup electricity purchased from the
grid, COPE and EHWEFF (the efficiency of
the electric hot water heater) must always
be non-zero. In a system with electric
backup, energy from the collectors or
storage is used to meet onsite energy
demands with the following priorities: QP
loads, QSH loads, EEE loads.

In the calculations, the system is opti-
mized for each hour of the year. At the be-
ginning of each hour the problem is as fol-
lows: Loads EEE, QSH, and QP must be met;
the amount of energy in storage is known,
and, the amount of high-temperature energy
from direct solar energy is known. The prob-
lem is one of efficiently using the stored
energy and the direct solar energy, and mini-
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Figure llI-3.—Cogeneration System With Grid Backup
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mizing the energy that must be purchased.

The first step is to meet as much of the
process load QP (and the space-conditioning
load if COPA is non-zero) as possible with
the energy available in low-temperature
storage. If only part of these loads can be
met from low-temperature storage, the proc-
ess load QP is met first and any remaining
energy is used for the QSH load.

The second step is to determine whether
enough high-temperature energy is available
to meet any QP load remaining after step
one. Available high-temperature energy is
the sum of the energy in high-temperature
storage and the energy available directly
from the collector. If the QP loads cannot
be met by high-temperature energy (the re-
maining QP is called QP'), high-temperature
storage is set to zero, and electricity is pur-
chased from the grid in order to meet the re-
maining loads. The backup electricity which
must be purchased in this case (EBU) is given
by:

EBU = EEE + QSH + QP‘/E HWEFF (6)

where EHWEFF is the efficiency of the elec-
tric heater used to provide energy for the re-
maining QP loads [e. g., an electric hot water

—

heater). If the amount of high-temperature
energy exceeds QP one of three paths must
be taken depending on the relative values of
COPA, COPE, M, 7. &,, and Q.

A Case Where Thermal Energy
Cannot Be Used To Meet the
Space. Conditioning Load

If the available high-temperature energy
exceeds the process load, it may be possible
to meet some of the electrical demands
using the available high-temperature energy.
A check must first be made to determine
whether it is possible to meet the QSH loads
with thermal energy (i.e., whether COPA is
non-zero). It is assumed that for heating pur-
poses, COPA is always 1.0; therefore COPA
can only be zero for a cooling load. If the
QSH load cannot be met thermally; a check
is then made to determine whether the op-
timum approach is to use all available high-
temperature thermal energy to generate
electricity and set 8 and ¥ to minimize the
output of thermal energy (subject to the
constraint that the remaining QP load is
met). The available high-temperature ther-
mal energy consists of all energy in high-
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temperature storage and the energy avail-
able directly from the collectors.

A check must then be made to determine
whether this results in the output of the first
engine exceeding the maximum generating
capacity specified. If the maximum is ex-
ceeded, it is necessary to recompute £,7,
and the amount of high-temperature energy
used with the constraint that the electricity
reaching point 1 in figure 111-3 is equal to the
maximum capacity of the first engine.

The next check that must be made is to
determine whether the electricity generated
now exceeds onsite demands for electricity.
These onsite demands consist of: 1) the re-
maining QP loads; 2) QSH loads; 3) EEE
loads; and, 4) charging the batteries at the
maximum rate allowed by the power condi-
tioner capacity specified. If the electricity
that could be generated during the hour in
question exceeds these onsite demands, it
might be possible to sell electricity to the
utility. A check must first be made, however,
to determine whether selling electricity
would result in a situation where the high-
temperature storage unit was not filled to
capacity at the end of the hour. If high-tem-
perature storage would not be full, the
amount of energy entering the engines and
the valve settings are adjusted to reduce the
amount of electricity and leave the high-
temperature storage completely filled.

With this check the sequence is com-
pleted and the problem can be solved again
for the next hour.

A Case Where Thermal Energy Is Used
To Meet the Space= Conditioning Load

The previous discussion was limited to
cases where QSH could not be met with
thermal energy. If the following inequality
holds:

COPA > 7, (COPE + COPA (a, + a,)) ]

it is more efficient to meet the QSH loads
with direct thermal energy than it is to meet
these loads with a cogeneration approach
where both thermal (CO PA) and electrical

(COPE) equipment are used to meet thermal
demands. This case can be treated using a
method that is completely analogous to the
case explained previously. Al | that is
necessary is to define an “effective process
load” QP’ and an “effective QSH load”
QSH' as follows:

QP QP + QSH/COPA @)

QSH’ (0]

All other steps follow as described above.

A Case Where Using Thermal Energy

To Meet the Space-Conditioning Load Is
More Efficient Than Using Electricity
Generated by the Second Heat Engine

If the following conditions hold:

7 (COPE + ‘COPA (a, + «,)) <COPA (9)

COPA 2>1,COPE
it is more efficient to meet QSH loads with
direct thermal energy from the high-quality
waste heat stream than it is to generate elec-
tricity with the second engine and use the
electrical conversion unit characterized by
COPE. Generating electricity with the first
engine and using this electricity in the elec-
trical conversion unit and all available
waste heat to meet QSH demands thermally
is more efficient than using the available
high-temperature energy directly to meet
the QSH demands.

The first step is to use all energy available
in low-temperature storage to meet the QP
and QSH demands. The second step is to de-
termine whether the high-temperature ener-
gy available (i.e., the solar energy received
directly during the hour plus any energy
available from high-temperature storage;
this sum is called SOLE in the remainder of
this discussion) is sufficient to meet the re-
maining QP load. If the remaining QP can-
not be met in this way, QP is reduced by the
available energy and backup electricity
must be purchased. The amount purchased
can be computed using equation (6).

If the available high-temperature energy
is greater than the remaining QP, a some-
what complex procedure must be used to
determine the optimum valve settings. The
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steps follow the sequence as outlined in
equations (3) through (5), where an attempt
is made to use all available high-temper-
ature energy.

It is first determined whether sending all
of SOLE through the first engine and all
high-quality waste heat through the second
engine (i. e.,, vy =1 and B = 1 ) produces
enough waste heat to meet the thermal
loads. If the condition:

(SOLE) n,a,> QP + QSH/COPA (lo)

holds, all QP and QSH loads can be met
with low-quality waste heat. v = 1 and B =
1 are the best valve settings, and the calcula-
tions can proceed to test whether engine
maxima are exceeded.

If the inequality in (10) does not hold, it is
necessary to send some of the high-quality
waste heat directly to the thermal loads or,
equivalently, the value of Y must be less
than 1. (The theorem proved in appendix
I I I-A shows that it is better to adjust 7y than
to adjust R). If the condition:

SOLE 7, (cv,+ a,) 2QP + QSH/COPA (11)

holds, then the QP and QSH demands can
be met entirely with thermal energy without
the need to divert any high-temperature
energy from the input of the first engine, al-
though some high-quality waste heat must
be diverted from the second engine. The
valve settings are then given by:

R=1 (12)
SOL En,(a: + a;) — QP - QSH/COPA
SOLE n, &,

If the condition shown in equation (11) is
not met, it is necessary to meet some of the
QSH loads with electricity. The condition
specified in equation (9) implies that it is
more efficient to use high-temperature ener-
gy in the first engine and run the electricity
through an electrical converter with COPE
than to use it directly through the thermal
conversion equipment characterized by
COPA. The next step, therefore, is to deter-
mine whether it is possible to meet the QP
load with valves set so that 3 =1 and ¢ = 0.

This is possible if the following inequalit,
holds:

SOLE ny(a, + a;) 2QP (13)

Some QSH loads may be met thermall with
the remainder met electrically from the out-
put of the first engine or (if necessary) from
backup electricity.

The amount of QSH that can be met ther-
mally (QCT) is given as follows:

QCT = [SOLE #9,(a, + @;) — QP] COPA (14)

If the inequality in equation (13) does not
hold, it is not possible to meet the QP loads
without diverting some high-temperature
energy from the input of the first engine. In
this case all of the QSH loads must be met
electrically from the output of the first heat
engine (or, if necessary, from backup elec-
tricity) and the optimum valve settings are
as follows:

=0 (15)
SOLE — QP

SOLE (1 = ni(a; + ay))

Y
3 =

(The quantity B will never be zero since it
was necessary to determine that SOLE was
greater than QP in order to reach the se-
quence of tests just described. )

Having determined the optimum valve
settings it is again necessary to determine
whether the use of SOLE with the optimum
valve settings results in a situation where the
first engine is required to produce electricity
at a rate which exceeds the specified maxi-
mum capacity (ENGMAX). If the followin,
inequality holds,

37, SOLE > ENGMAX (16)

the engine maximum is exceeded and it is
necessary to readjust the valves.

The new valve settings are computed
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following a sequence of tests similar to
those indicated in equations (10) through
(16):

A)

If QP + QSH/COPA < a; ENGMAX, then
B=1 17
y=1

B)

If QP + QSH/COPA < (a,+ a;) ENGMAX

R =1 (18)

_ E NC MAX(a, + a,} QP-QSH/COPA
Y a, ENGMAX

)
If QP + QSH/COPA >(a,+ ;) ENGMAX
QP <(a,+ a;) ENGMAX (19)
QSH < (ENGMAX - EEE)COPE +
(ENGMAX( a,+ @2) — QP)COPA
1
0

Then B
v

The third test involving the miscellaneous
electrical load (E E E) is necessary to ensure
that there is enough electrical output to
meet the QSH loads, which are not met ther-
mally.

D)
If QP + QSH/COPA >a, ENGMAX (20)

QP <(a,+ ;) ENGMAX
QsH >(ENGMAX - EEE)COPE  +

ENGMAX (a, + «,) — QP(COPA)

Then

R = [COPA(ENGMAX)] /
[n.QsH +7COPE[EEE-ENG pmax] +

COPA [QP7, + ENGMAX(1 -(a, + a2) 1,)]
Y =0

E)
If QP>(a, + @) ENGMAX, then 1)
Q= ENGMAX
ENCMAX“-?]‘((X‘ + a))+ leP
vy =0

In each case a check must be made to de-
termine the amount of electricity available
for charging the battery.

With this, the correct valve settings have
been determined. As before, however, a
check must be made to determine whether
using the specified settings will leave the
high-temperature storage filled. If the high-
temperature storage is not filled at the end
of the hour, and if the use of the optimum
valve settings results in a situation where
electricity would be sold to the utility, the

system should be adjusted to use less high-
temperature energy. (A similar recalculation
is required if excess electricity cannot be
sold to an electric utility grid. ) The first step
in such a recalculation is to determine the
valve settings that would be used if the sys-
tem met only the minimum electrical de-
mands. This will be called EOUT where

EOUT = EEE + (the maximum amount of electricity
which can be placed in the batteries) (22)

The maximum amount of electricity that
can be put in the batteries is the smaller of
the following two quantities: 1 ) the specified
capacity of the power conditioner; and, 2)
the difference between the maximum speci-
fied battery capacity and the amount of
electrical energy stored in the battery at the
beginning of the hour.

The valve settings, which optimize pro-
duction in the case where the system only
produces electricity for EOUT, can be com-
puted in the following sequence of steps:

A)

If QP + QSH/COPA <a, EOUT/(1 + a,1,)

Then B =1 (23)

y=1

B)

If QP + QSH/COPA > EOUT (e, + ;) (24)

Then

B =1

y = (a,+ ;) EOUT — QP - QSH/COPA
o,[EOUT + 3, (QP + QSH/COPA)]

c)

If QP + QSH/COPA EOUT(a, + ;) (25)

QP < EOUT(a, + )
QSH < (EOUT - EEE) COPE +
(E OUT (a,+ @) — QP)COPA
Then R =1
vy=0
D)
If QP + QSH/COPA> EOUT(a, + a3) (26
QP <EOUT(a, + a3)
QSH > (EOUT — EEE) COPE +
(EOUT (o, + ;) — QP) COPA
Then R and vy are given by equation (20) using EOUT
instead of ENGMAX,

E)
If QP (a, + ;) EOUT 27
Then
- EOUT
EOUT (1 — mla,+ o))+ 7,QP
y =0
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With the valve settings calculated in equa-
tions (23) through (27), it is possible to
calculate the minimum amount of high-tem-
perature energy that must enter the system
to meet the loads. If the difference between
the amount of solar energy produced during
the hour and this minimum amount can be
placed in high-temperature storage, the
computation is complete for the hour. If
high-temperature storage would be ex-
ceeded, another step must be taken. The
amount of high-temperature energy avail-
able after the high-temperature storage is
filled can be calculated and the optimum
technique for using this energy computed by
using equations (10) through (21 ) (assuming
that electricity can be sold). If no electricity
can be sold, the excess high-temperature
energy is transferred to the low-temperature
storage. The low-temperature storage is
filled to capacity and the remaining energy
discarded.

A Case Where Using Electricity To Meet
the Space-Conditioning Load Is Always
More Efficient Than Using Thermal Energy

If the inequality:

COPA< 1,COPE (28)

holds, it will be more efficient to meet the
QSH loads using electricity from the second
engine than it will be to use thermal energy
to meet QSH loads directly. The thermal
units characterized by COPA will, therefore,
only be used if «, is sufficiently large to
justify the installation of thermal conversion
equipment. The basic procedure followed in
this case is identical to the one described
previously with small differences resulting
from the relative values of COPA and
7,COPE. The steps which are equivalent to
equations (1 O) through (15) are as follows:

A)
If SOLE 7,0, > QP (29)
Then ,13=1

v=1

(It should be noted that if COPA is not zero
and SO LEn,x, > QP, any “excess” low-
quality waste heat is used to meet the space-

conditioning load.)

B)
If SOLE 5,(a,+ @,)> QP > SOLE n,a, (30)
Then B =1
_ SOLE na,+ a;) - QP
Y
SOLE »,a,
)
If QP SOLE #,(a, + ) (31)
Then R = SOLEn (o + o)~ QP

SOLE [n(a, + a3) -1]
y=0

The remainder of the calculation can be
readily derived following this pattern.

At the end of each hour, the net amount
of electricity and low-temperature thermal
energy produced from the high-temperature
inputs and valve settings can be determined.
These are used to meet the EEE, QSH, and
QP loads. Any remaining low-temperature
energy is placed in low-temperature storage.
Any remaining electricity is placed in the
batteries or sold to the utility if the batteries
are filled. Onsite demands that cannot be
met with the onsite power are met by pur-
chasing electricity.

COGENERATION WITH FOSSIL FUEL
OR BIOMASS BACKUP

Figure Il 1-4 illustrates a completely gen-
eral cogeneration system, which is not tied
to a utility grid but is backed up with a fossil
or biomass fuel source. Notice (although not
shown in figure 3) that in the general case
there are three different kinds of boilers: 1) a
boiler used in the system providing backup
to the heat engine (this could be a coal-fired
steam boiler to back up a solar-powered
steam engine, the burner efficiency in the
backup unit used in a Stirling engine, etc); 2)
a boiler efficiency for the QSH loads (this
could be the burner efficiency in an adsorp-
tion chiller), and 3) the boiler used to pro-
duce QP.

The logic of the fossil backup case is very
similar to the logic employed in the elec-
trically backed up system and details are
not shown here. The program which per-
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Figure 1ll-4.—Cogeneration System With Fossil Fuel Backup
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forms the necessary calculations is repro-
duced in appendix IlI-B. The major differ-
ences between the fossil and the electrical
case are:

+ Either COPA or COPE (but not both)
can be zero in the case of fossil backup.

* Itis assumed that the loads will be met
at all times. If an engine size is speci-
fied which does not permit meeting the
loads, the calculation performed in this
analysis will correct the initial estimate
as necessary.

* In some cases high-temperature energy
from several different sources must be
used to meet the onsite loads. It is
assumed that the highest temperatures
available to the system are obtained
from burning fossil fuels or biomass,
fluids emerge from collectors at a lower
temperature, and fluids emerging from
high-temperature storage are at a still
lower temperature. (In most cases ex-
amined, it is assumed, however, that all
three provide identical temperatures
but an option for using different tem-
perature is kept open. The efficiency of
the first engine must be adjusted to
reflect the different fluid tempera-
tures.) The highest temperature fluids
are used in the engine whenever possi-
ble.

A COMPUTER ANALYSIS
OF COGENERATION

A Fortran computer program was pre-
pared for this analysis which performs the
optimization procedure just described. A
sample of the data, which the program re-
quires to perform an evaluation of a cogen-
eration system, is illustrated in table 111-1
and a sample of the formatted output of the
program is illustrated in table I 1-2. A listing
of the package of programs is shown in ap-
pendix 1 | I-B. An operating manual explain-
ing the use and operation of these programs
in greater detail is available as a separate
Volume.

CALCULATION OF
COLLECTOR PERFORMANCE

The techniques used to compute the ther-
mal output of different kinds of collectors
were explained in the appendix to chapter
VIl of volume | and the equations used to
compute the thermal and electrical output
of photovoltaic devices were discussed in
chapter X of volume 1. The following section
describes how the formulas developed in
volume | were used to evaluate the systems
analyzed.

Collector output is computed in three
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Table IlI-1 .—Sample Input

TOr 10. JB

TITLE
SAVE HOURLY ELECTRICAL CQOUTPUT: NO

PRINT MONTHLY TOTALS OF SOLAR/ DEMAND VARI ABLES:

PHOTOVOLTAI C  COGENERATI ON--H GH Rl SE,

ALB (TEST SYSTEM

YES

PRINT AVERAGE AND END OF MONTH VALUES OF STORAGE: YES

PRI NT | NPUT SUWARY: YES
USE SEASONAL PARAMETERS: NO

FILE NUMBER FOR SYSTEM COEFFI Cl ENTS:

NON
LOAD - HEATI NG, COOLING (KW FAN TOTAL QUTPUT):
HEAT LOSS FOR LT TANK OF LOWN TEMP STORAGE (KWH DEG CENT/ HR):
FOR LT STORAGE (DEG CENT):

LI ST/ CHANGE VARI ABLES AND VALUES:
MVAXI MUM  PUVP/ FAN

AMBI ENT  TEMP.

90

FILE NUMBER FOR COLLECTOR CCEFFI Cl ENTS:

LI ST/ CHANGE VARI ABLES AND VALUES:
FILES FOR ELECTRIC H C COP S:
I'NITIAL.

43 44

NON

VALUES OF LOW TEMP> HI GH TEMP, AND ELEC STORACE (KWH):

59.24 59.24
0.001
25
91
5131/

subroutines:

COLL1, which is used for flat-plate collec-
tors and two-axis tracking collectors (except
heliostats]

COLL2, which is used for one-axis tracking
collectors; and

COLL3, which is used for heliostats.

The three programs are very similar in basic
structure. As a result, only the COLL1 pro-
gram is discussed in detail the discussion of
the other two subroutines concentrates
primarily on features that differ from
COLL1.

Each subroutine can be entered in four
different ways. These entry points are illus-
trated in figure I1lI-5. The collector subrou-
tine is called initially to read information
from external files and to convert this data
into a form that can be used in the computa-
tion. The subroutines obtain information in
two steps. First two files are read; one con-
taining the solar declination for each day of
the year and one containing information
about the performance of the collector. A
sample file of collector performance char-
acteristics required to operate the program
was shown in table 1lI-2. After these files are
read, the performance characteristics can
be changed as necessary. The revised set of
performance characteristics can be saved in
a new file for later use if this is desired.

The program is then entered for each hour
of the year to compute the electrical and
thermal output of collectors given informa-
tion about ambient air temperature, the
temperature of fluids entering the collector,
and (if a fixed output temperature is speci-
fied) the output temperature of the collec-
tor.

At the end of the yearly computation the
program is entered two more times to print a
description of the collector and to summa-
rize the assumptions made about collector
performance.

The COLL1 Collector Subroutine

The COLL1 subroutine computes the out-
put of either flat-plate collectors or two-axis
tracking collectors. It can be used to com-
pute the output of collectors that provide
only thermal energy, of photovoltaic collec-
tors that provide only electrical output, or
of photovoltaic cogeneration systems that
provide both thermal and electric output. A
listing of the program
1-B.

is given in appendix

Figure Il1-6 shows a flow diagram for the
section of the program which reads and con-
verts the initial data (entry point 1 on figure
111-5).

The first input read is a table of declina-



Table Ill-2.—Sample Output

PHOTOVOLTAIC COGENERATION--HIGH RISE, ALB (TFST SYSTEM)

PHOTOVOLTAI C SYSTEM

ELECTRIC  BACKUP

TWO-AXIS TRACKING SYSTEM

COVBINED THERVAL AND ELECTRIC COLLECTCR

CONSTANT ~ QUTPUT ~ TEMPERATURE

LOADS SET UP FOR H G4 RISE APARTMENT BU LD NG

THE M SCELLANEQUS ELECTRIC LOADS AND THE HOT WATER LOADS
ARE NOT SMOOTHED

SYSTEM  CCEFFI Cl ENTS:

) REAL
t VALUE DEFI NI TI ON
1 o :ABSCRPTION A/C COP (DIN)
2 8.000E-01 :ELECTRIC HOT WATER HEATER EFFICENCY . LE. ,00)
3 1.000E+OCO :MULTIPLIER FOR ELECTRIC HEATING COP'S (DIM
4 1.000E+O0 :MULTIPLIER FOR ELECTRic COOLING COP'S (DM
5 o :BAOLER EFFICENCY (.LE. 1.00)
6 0. CMAXIMUM TOPPING ENG NE QUTPUT  (KU)
7 0. CEFFICENCY OF ENG ne #1 (.LE.  1.00)
8 0. :EFFICENCY OF ENG NE #2 (.LE 1.00)
9 0. ALPHA | --H GH TEMP WASTE HEaT COEFF. DI'M
10 0. ALPHA 2--Low TEMP WASTE HEAT CCOEFF. (1 (0N
11 ° :CAPACITY OF H GH TEMPERATURE STORAGE (KWH)
12 5.380E+02 :LOW TEMP. OF HGH TEMP. STORAGE (DEG CENT)
13 7.600E+02 :HGH TEMWP. OF HGH TEWMP. STORAGE (Dec Cent)
14 1. 000E+04 :CAPACITY OF LOW TEMPERATURE STORAGE (KWH)
15 2. 700E+01 :LOW TEMP. OF LOW TEMP. STORAGE (DEG CENT)
16 6.600E+0l :HGH TEMP. OF LOW TEMP. STORAGE (Dec CENT)
17 o HEAT LOSS--H GH TEWMP. STORAGE (KWH/ pbec CENT/ HR)
18 0. EFFICENCY OF FCSSIL HOT WATER HEATER (.LE. 1.00)
19 1.000E-03 :HEAT LOSS--LON TEMP. STORAGE (KWH DEG, CENT/HR)
20 o :ENGNE BAOLER EFFICENCY (.LE. 1.00)
21  1.200E+03 :CAPACITY OF ELECTRC STorRAGE ( KWH)
22 7.500E-01 :EFFICENCY OF ELECTRIC STORAGE (.LE. 1.00)
23 1. 000E+06 :CAPACITY OF ELECTRIC POMER CONDI TIONER (KU)
24 9.500E-01 :EFFICENCY OF POAER QOONbiTioNInG (.LE.  1.00)
25 8. 305E+02 :MAXIMUM HEATING LOAD (KU
26 5.037E+02 :MAXIMUM COOLING LOAD (KU
27 0. :FAN COCEFFI QI ENT (KW FAN KW QUTPUT)
28 7.000E+01 :LOWN TEMP. FOR OPEN WNDOAB--A/C CurtorF (DEG F)
29 7.700E+01 :H GH TEMP. FOR CPEN WNDOAS--HT CUTCFF (DEG F)
| NTEGERs
# VALUE DEFI NI TI ON
1 1 CHGH TEWPERATURE STORAGE (M X(2), No M X(l))
2 1 :LOW TEMPERATURE STORAGE (M X(2), NO MX(1))
3 1 :BACKUP (FCSSIL FUEL(0), ELECTRIQ(1), BOTH(3))
4 3 1 SOLAR COLLECTOR (NONE(0), FP(1), 1D(2), 2D(3), HEL( 4)
5 1 AR CONDITIONING ON(1) OR OFF(2)
6 o :REGULAR LOADS(0) OR SMOoTHep LOADS(1)
7 1 :SINGLE FAMLY(O, HGH RISE(l), SHOPPING CENTER(2
8 o :BUY OFFPEAK ELECTRICITY (NJ0), YES(l))

CCOLLECTOR_ CCEFFI G ENTS:
REAL  NUMBERS

v

1 5.
2 7.
3 2.
4 3.
5 1.
6 1.
7 3.
8 0

9

=
IS
PR TORR PP ONNO

VALUE DEFI NT 7T ON
000E+02 : CONCENTRATION RATIO (DM
60CE-01 :CPTICAL EFFICIENCY OR TRANSM SS. (.LE. 1.00)
500E+03 :CQOLLECTOR AREA (M*2)
508E+01 : LATI TUDE (DEG)
066E+02 :LONG TUDE (DEQ
050E+02 : STANDARD LONG TUDE (DEQ
508E+01 :COLLECTOR TILT ABOVE HORI ZONTAL (DEQ
{COLLECTOR ANGLE WRT SQUTH (DEQ
000E+00 :(QOLLECTCR HEAT REMWVAL FACTr (KW (M*2*C))
100E- O3 :CELL TEw COEFF (1/DEG CENT)
200E-01 :CELL EFFIC @ 28C (.LE. 1.00)
500E-01 :CELL ABSCRPTIVITY (.LE. 1.00)
000E. +00 :FRAC OF RECEIVER OOVERED WTH CELLS (.LE. 1.00)
500E-0.2 :THERVAL LOSS OCEFF (KW M*2*Q)
000E+C0 :NUMBER OF GLASS COVERS (DiM)
000E+0O :COLLECTOR HEAT REMOVAL FACTCR (.LE. 1.00)
800E-01 :ABSCRB OF THERMAL-CNLY SURFACES (.LE. 1.00)
000E+0l :FLON RATE ((CM*3/ SEC* M *2)
000E. +00 :FLUD DENSITY (GM CM*3)
000E+00 :FLUID SPEC. HEAT (CaL/ GM*C)
| NTEGERS
VALUE  DEFI NI TI ON
2 {QUTPUT--ELEC( 1) , ELEC & THERMAL(2), THERVAL(3)
2 :CONST FLOW RATE(1) , CONST QUTPUT TEMP(2)

STORAGE HEAT LOSS CCEFFI O ENTS

HEAT LOSS AVB. TEMP
(KWW DEG  CENT/ HR) (DEG  CENT)
UT STORAGE O ) 25.0
LT STORAGE  1.000E-03 -- 1.000E-03 25.0
NOTE:  FIRST HEAT LoSS NUMBER IS FCR HT TANK OF THE PARTI CULAR

cpoocooo

STORAGE;

SECOND IS FOR LT TANK OF THE SAME STCRAGE

ELECTRIC HC cOP'S (KwH/ KWH)
TEMP HEAT

RPrepRppRpPRrPPe
o
o

75.0 2.50

80.0 2.35

90.0 2.07

100.0 1.86

110.0 1.67
0 1.

spaaN A8iaug s,Aepo] 0) ABOjoUYIa| IBJOS e b§



Table IlI-2. —Sample Output (Continued) (Cont. )

HoTovoln

LOLUGENTRATLON

MONTH

TOTAL

Mont h

R R Y YN

STORAGE VALUES

ELECTRICTTY aAND FOS FUii BACKUP DEMANDS
ELEC. ®UY FUre. SELD CULL LY R LT ENEROY FELFECIRIC LOW [FEMP
1.5 74E405 0. : L. lihF+0. lowhbl=01 7.916E-01
5.055E4+04 0. . 5.%911E404 . S.131E+03
H.Y22E+04 B.798E+00 ). B ETOE+DY n. 5. 1318403
2.857E404 1.302E+07 ). 0. -5.970E-01
3.627E404 1.326F 404 1. i. 1.000FE+04
6.383E+04 0. 3 TOINTO (KWHI: 9.853E+05
H.75PE404 0. ‘e VHEN OUT OF (KWHI: 9.843E+05
L.D42E405 0. I V1 1.583E+403
7.361E+04 0. 3. 9.999E+02
3.990FE+04 ).
5.916E+04 ).
8. 179E+0L 1. MAXIMUM SFACE CONDITTONING LOADS
8.517E+05 29T A0 . LLECTRIC THERMAL TOTAL
S5.040E+02 0. 5S.040E+02
B.306E+02 8.306E+02 8.306E+02
TOTAL MONTHLY VALUY 1)
PHCTOVOLT SOLAR I PIMANDS
ELECTRIC THERMAL ELECTRIC U THOT SULAR THERMAL OUTPUT (KWH): 1.59BE+03
6.367E+04 2.564E+05 1.090E+05 “.r3 7. Eeds SOLAR ELECTRIC OUTPUT (KWH): 3.R02E+02
2948404 2.508E4+05 9. 129E+04 1oL F40S MANIMUM ENGINE BOTLER OUTPUT (KWH): 0O
VIE+04 2.778E405 1. 01RE4" T. E405 MAXTMUM NONENGINE BOTLER OUTPUT (KWH): 0.
R.ZB3E404 3.260E4+05 9.2 CLRJE+0S MANIMLM HOL WALEK FLEL UDL UKWH) S U
1.043E+405 183E+05 I .. 2 Foss L HEAT PUT INTO LXGINE (KWH): 0.
1.027F405 . oL Ten T I, SOLAR PUT TNTO ENGINE (KWH): 0.
7.771E404 h Ly l.igrens T T STORAGE T PUT INTO ENGINE (KWH): 0.
8.637E+04 . Ol l.hlrens LLAL9E+ T4 MAXIMUM ELECTRICITY BOUGHT IN AN HOUR (KWH): 1.559E+03
5.517E+404 .. [T TR LEA0S : FANIMIM ELECTRICITY SOLD TN AN HOUR (KWH): 2.201E+02
6.761E+04 1. 3ulE40a 4.50, L 3Ar+ns G90E+04 57, MAXTMUM FUEL BOUGHT IN AN HOUR (KWH): O.
6.140E+04 G S1aF+04  1.1000. Beas GolE+04 Wb, FOTAL ELECTRICITY BOUGHT (KWH): 8.517E+05
6.752E404 L 0G1E4DS  1.95/0. £405 S1E4n4 18 . TOTAL ELECTRICITY SOLD (KWH): 2.329E+03
9.028E+05 1.I9BE+06  1.01/ .95E+06 6030405 POEAL FLEL DULLRL ARWR L. U
3AD FACTOR END OF MONIH VALULS
__0F STORAGE (KWH)___ OF STORAGEL
ELECT R IC .OW TEMP HIGH TEMP ELECTRIC LOW TEMP STUP
1.583E - 01 3.465E-01 0. Po351e+02 4.034F407 SRU’S:56.4
1.95 E - 01 5.596E-01 0. 776F400 GLE+0 5 0.
1e957E-01 6.088E-01 G- N JIBE+0 5 G.
2.26HE-01 9.329E-01 0. 4.8 GL2uhE+D 0.
2.463E-01 9.675E-01 9. 3.1 9.788E+03 0.
L299E-02 9.873E-01 O o 9.704E+D3 0.
3.461E-02 9.B24E-C1 0. J. 9.727E403 0.
2.24LE-0 9.844E=-01 0. 0. G.7095E+03 Q.
4 8.776 i1 n. & 9. LATFE403 0.
1. 9.040%E-G] 0. L. 9.07HE+03 0.
1 7.153 ! 0. 7. 1.975E403 0.
L S,318E-C1 0. a. S.13LE+03 0.

HIGH TEMP

J.
)

J.
).
).
).
).
)

G5 e SJuswalnbay dnydeg jo uonzeIndjed 14| y>H
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Figure IlI-5.—Entries to Collector Subroutines
COLL1, COLL2, and COLL3

entry point#1

Y
Read input files. modify
collector coefficients,
and perform initial
computations

L]
—————————

entry point #2 ==
v

Compute collector |

output
T

entry point #3 3

Print collector
description

]
entry point #4 ¥

Print collector
coefficients used

A

A

- ]

tion angles for each day of the year (line
2014). The direct normal radiation (RADDN)
and the hourly total horizontal radiation
(RADTH) for the first hour in the year are
read from file 25, which contains RADDN
and RADTH for each hour of the year in the
region being studied. (This file also contains
temperature and wind velocity data, which
are read into the RADDN array but are then
overlaid. ) The file containing the collector
coefficients is then specified from the ter-
minal or from a stored file. A negative num-
ber will set all coefficients to zero. Lines
2020 to 2025 allow the operator to list the
collector coefficients read from the file, and
to make changes in the assumed collector
performance characteristics if this is re-
quired.

Changes to the collector coefficients are
input using lines 2057 to 2066. The COM-
MON statement (lines 2005 to 2008) places
the variables named in the COMMON state-
ment into the computer’'s memory space in
the order given. The EQUIVALENCE state-
ment [line 201 O) then creates arrays SCEL
and ISCEL, which contain the collector coef-

Figure hi-6.-Flow Diagram for Entry Point #1 to
COLL1, COLL2, and COLL3

Entry #1

\

Dimension
&
initialize

) 4

Read table of
declination
angles

A

Read weather
data for year

Y

Read collector
coefficients,
print &/or change
them as desired

Y

Compute fixed
variables,
table of daylengths,
& table of solar time
conversion factors

A

ficient variables in exactly the order given in
the COMMON statement. Lines 2057 to 2061
allow the values of any real coefficient to be
changed by specifying the coefficient
number (as given in the left column of lines
2033 to 2052) and the new value. Input of a
negative value will make the program move
to the integer variables. The integer
variables of lines 2055 to 2056 are changed
using lines 2062 to 2066. The modified coef-
ficient files can be stored (lines 2067 to 2070)
by specifying a positive file number. Zero or
a negative number causes the modified
values to be retained until execution of the
main program terminates.

The program then calculates several
quantities for use in the hourly computa-



Ch. Il Calculation of Backup Requirements .57

tions of collector output. The latitude angle
(LAT), collector tile angle (TILT), and the col-
lector azimuth angle (AZ), which were input
in degrees, are converted to radians for use
in the Fortran program.

The collector absorber area AREACR is
calculated by dividing the collector area by
the concentration ratio. The quantity
XMASSF = (fluid flow volume) x (specific
heat) x (density) is computed.

ALPHAV is the effective thermal absorp-
tivity computed from the absorptivity of the
photovoltaic cells, (ELECAB), the absorptivi-
ty of the portion of the collector not
covered with cells, (ALPHA), and the frac-
tion of the collector absorber covered with
cells, (FC). The program then calculates the
length of each day of the year, (DAYLEN (1)),
and the correction factor used to convert
local time to solar time, (SONOON (1)). EQ(J)
is the equation of time discussed in chapter
VIIl of volume 1. SONOON (1) converts the
hour number to solar time using EQ(J), a
constant shifting the time to the middle of
the hour and accounting for the fact that
hour #1 in each day in the weather arrays
(RADDN and RADTH) corresponds to the
hour from midnight to 1 a.m. and a term that
accounts for locations at longitudes other
than standard time zone longitudes.

The hourly computation of collector out-
put begins with line 2101. The pattern of this
computation is shown in figure I | 1-7. First
RADTH and RADDN are checked to see if
the Sun is shining. If both are small, the pro-
gram sets the collector output(s) to zero,
and the computation is complete for the
hour. If there is sunlight available the pro-
gram must compute the hour of the day (J)
from the hour of the year (K). It does this by
first computing the day number (1). The pro-
gram next determines whether the hour be-
ing examined is less than half an hour after
sunrise or before sundown; if this is the case,
the program sets the output to zero and
returns. (These hours are excluded from the
calculation since the algorithm used to com-
pute diffuse radiation can give anomalously
high values under these conditions and the

amount of energy available during these
hours is negligibly small on an annual basis.)
RI SANG (line 2110) is the solar hour angle at
sunrise.

If it is determined that collector output
should be calculated for hour K, the pro-
gram must first determine what kind of col-
lector is used. It is assumed that the collec-
tor is a flat-plate device if a concentration
ratio (C RATIO) less than 1.5 is specified;
otherwise, the collector is assumed to be a
two-axis tracking collector that can collect
only the direct radiation. If the collector is a
concentrator, the program either branches
to 222 to compute thermal output or goes to
224 to compute electric output if the collec-
tor provides only photovoltaic electric out-
put (ISYS = 1).

The total useful sunlight striking a square
meter of collector absorber (RADTOT) is
calculated for concentrators at normal in-
cidence to the Sun. For fiat-plate collectors,
the program calculates the cosine of the in-
cident angle (COSINC) on lines 2115 to 2127.
If COSTHE is negative, representing an in-
stance where the Sun is behind the Collector,
the program Sets the output(s) to zero and
exits. The diffuse radiation (RADDIF-lines
2128, 2129) striking the tilted collector is
calculated as given in equations VIl I-A-l 4
and VII I-A-l 5 of volume 1, and is set to zero
if it is calculated to be negative. If the col-
lector is a passively cooled photovoltaic ar-
ray (ISYS = 1), the program skips to line
2149 to calculate the electric output. Calcu-
lation of the total radiation strikin ,the col-
lector absorber (RADTOT) depends on
whether there are one or two covers
(COVERN less than or greater than 1.5). The
exponents of COSINC (lines 2132, 21 34) are
greater than one to represent the angular
dependence of the cover transmission on
the incident angle and the factors ‘0.89 and
0.80 represent this angular dependence in-
tegrated over a hemisphere for the diffuse
radiation as given by equations VIl |-A-l 7
and VI I I-A-l 8 of volume 1.

The total collector output is computed in
lines 2135 to 2152. The output of collectors
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Figure 1lI-7 .—Flow Diagram for Computing Hourly Collector Output Using COLL1
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that provide only thermal output is com-
puted with the fractional cell coverage ratio
(FC) set to zero in the expressions used for
collectors that also provide electric output.

The useful thermal output Q,of a unit
area of collector absorber operated at con-
stant output temperature can be computed
from the heat balance equation:

al=Fp1+Q,+ U, (T-T9) (32)

where « is the average absorptivity for the
collector (ALPHAV), | is the level of insola-
tion on the absorber (RADTOT), 7 is the
photovoltaic cell efficiency, F.is the frac-
tion of the absorber area covered with cells
(FC), U.is the thermal loss coefficient
(U LOSS), T is the average temperature of the
collector absorber and photovoltaic cells
(TCELL), and T,is the ambient air tempera-
ture (TAIR).

The value of | is given by the following
relations for flat-plates or concentrating sys-
tems:

I = 1, cosfr(f) + It (f tat plates)

I = 1pCm, (concentrating systems)
where:
b = direct normal solar intensity
(kW/m?),
6, = angle between the Sun and the

normal to the Collector,
7(6,) = transmissivity of cell covers for
direct radiation (at angle 8,),
l,= intensity of diffuse solar radiation
(kW/m?,

T4 transmissivity of cell covers for
diffuse radiation (7(6)) integrated
over all incident angles),

C.= geometric concentration ratio of
concentrator optics, and

17, = optical efficiency of the
concentrator.

The cell efficiency 7 is given by:
n = (28 0)(1 — BT 28]) (33)

where 7n (280, is the cell efficiency at 28“C
(CELLEF) and B is the cell temperature coef-
ficient (BETA).

The average absorber temperature
(TCELL) is:

T=T+ Qlk, (34)

where T,is the average collector fluid tem-
perature (TTEMP) and k.is the thermal con-
ductivity (XKE) between the absorber sur-
face and the fluid.

Combining equations (32) through (34)
and multiplyin,by the total absorber area,
the thermal output QSR (line 2142) is given
by:

osk =A,F, NaFen(28Y1-BT 28D}V, (T,-T.) (35)
HFcln (28)@ - U)/k,

where A,is the absorber area (AR EACR).
Note that the program sets FR = 1 (line 2096)
for this case.

For the case of constant flow rate, QSR is
developed somewhat differently. The out-
put Q,can now be written (see discussion of
equation VII [-A-27 of volume I).

Q, Flal-nF)-U(T,- Ta) (36)

where F,is the collector heat removal factor
and T, is the temperature of the fluid at the
Collector inlet. The cell efficiency can be ex-
pressed as:

n=728)[1- B=(T, + AT/2 + Q.k, 28)] (37)

where the fluid temperature rise across the
collector is:

AT = u (38)

where g is the fluid density, C,is the fluid
specific heat, and f is the fluid flow rate.
XMASSF (lines 2086, 2140, 2146 corresponds
to the denominator of equation (38).
CRATIO and the constant are required to
convert the inputs provided to the units
kwW/°CM2 [absorber).

The electric output for those collectors
that provide both thermal and electric out-
put Q.(ESR) is (line 2147).

Qe=A,Fln (39)
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The electric output of passively cooled
Colectors can also be computed from equa-
tion (39). However, the cell temperature T is:

ToTa+ al-F gl (40)

a k.
where k.,is now the overall thermal con-
ductivity between the cells and ambient air.
Combining (33), (39), and (40), the electric

output (lines 2151, 21 52) is:

_ ANRIN(28) [1 B(T,+al/k, —28)] (41)

& 1 — F 18n(28)/k,

The output(s) are passed back to the main
program after ensuring that they are non-
negative (lines 2153 t0 21 54). The exit at line
2158 is used if the output computation is
skipped for lack of sunlight.

The “output statements” (lines 2162 to
2178) are simply a brief description of the
type of collector that has been modeled.
The monthly and annual totals of collector
output are given in the main program. The
“output summary” provides a printout of
the collector coefficients that were used in
making the run, if requested in the operating
instructions for the main program. The three
angles shown (lines 2184 to 2186) are con-
verted back to degrees before writing the
output summary.

The COLL2 Collector Subroutine

This subroutine computes the output of
single axis-tracking collectors with either a
north-south polar axis orientation or with a
horizontal east-west collector axis. The col-
lectors may provide thermal output, elec-
tricity from photovoltaic cells, or both ther-
mal and electric output. This subroutine dif-
fers from COLL1 principally in the hourly
computations performed. Computation of
the incident angle is simpler, computation
of shading by adjacent collectors is per-
formed, and a slightly more elaborate com-
putation of thermal losses is performed (to
increase accuracy if the Collector is oper-
ated over a wide range of output tempera-
tures). A listing of the program appears in
appendix | | I-B and a flow diagram for the

entry which calculates collector output is
shown in figure I | 1-8.

Figure IlI-8.—Flow Diagram for Computing Hourly
Collector Output Using COLL2

B

Is the sun
shining? No

Yes

y

Is it more than |
Y2 hour after SuNrise fmss—
or before sunset?

Yes

Y
Compute solar time
& incidence angle

Y

Compute shading
factors

!

Incorporate shading
factors into output
computation

'

I Does collector |
provide thermal e
output? No

Ves

Compute thermal
output

. E——————

L ] * )

Compute electrical Set outputs
output to zero

Y

Return 1

-




CH. Ill Calculation of Backup Requirements ¢ 61

The first part of the program (lines 2000 to
2025) again initializes and contains the first
two input prompts. A few variable names
differ from COLL1.

The second part of the program contains
the format for reading and revising values of
collector coefficients.

The section starting with line 2082 differs
from the COLL1 program because COLL2
does not require a specified collector tilt
and azimuth angle. XMINV is simply 1/(2 -
XMASSF) with XMASSF as defined in COLL1.
RRR is the fraction of the collector
absorber-pipe length that is covered with
photovoltaic cells and is zero for collectors
that provide only thermal output.

Computation of incident angles is simpler
than in COLL1. Line 2113 computes the
cosine of the Sun’s incident angle for a
north-south polar axis collector using equa-
tion VII |I-A-8. If the collector has an east-
west axis, (IEW =1) COSINC is recomputed
in line 2118 using equation VII I-A-9.

Collector Shading

Two types of shading can occur in any ar-
ray of the troughs or single-axis tracking col-
lectors treated in COLL2: 1 ) shading caused
by a row of collectors located to the south
of another row of polar-axis collectors; and
2) shading by the adjacent collector during
early morning and late afternoon hours (e. g.,
the collector to the north or south of an
east-west axis collector). In theory both of
these factors can be eliminated by increas-
ing the spacing between collectors, but in
most cases this is not a practical solution
because of the great increase in land use
that it requires.

For polar tracking arrays, shading of
northerly rows by southern rows of collec-
tors is minirna] if the space between the
rows is equal to the row width and spacing
within a row is reasonable. For east-west
tracking arrays, the trough axes are horizon-
tal, and only shading by adjacent collectors
is significant. The program therefore

assumes that row shading can be eliminated
by proper spacing.

The geometry of adjacent-collector
shading is illustrated in figure | | 1-9. Assum-
ing that the collector aperture width is W
(APWID) and the collector spacing is D
(COSPAC), it can be shown that for long col-
lectors the unshaded fraction of the collec-
tor is:

Figure IlI-9.—Sectional View of Parabolic Trough
Collectors for Shading Computation

D 0

AN

re—o

w

)

1 ifx>2D

x/D, if x< D (42)

where x = Dcosf, and 6 is the rotation of the
collector about its axis (PHI).

The end losses of one-axis collectors are
given by equation VIl |-A-20 in volume 1. The
fraction of light which can reach the ab-
sorber is:

I, =1 — (D/L)f|tan 6,][1 + 1/(48f)] (43)

where f = F/D is the f-number of the system
and L,s the collector length. The combined
effect of both types of shading and end
losses is computed in the line 2132. Note
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that line 2125 tests for a condition where the
Sun is behind a polar axis collector and
sends the program to a RETURN statement
if this occurs.

The section beginning with line 2136 com-
pletes the computation of the sunlight ab-
sorbed by the collector and begins the
calculation of thermal output. TRANSM is
the fraction of light transmitted through the
absorber cover assuming that the cover is
approximately perpendicular to the light ray
when the collector is pointing directly at the
Sun. It is assumed that there is a single cover
and TRANS is the transmissivity of the cover
at normal incidence. FCIONO is non-zero

CJ/L) o' 1l cosb o, L-F L) +F L]

ALPHIO = C.e7lycosbal'\ T,

only if the collector contains photovoltaic
cells and if the entire length of the cells is il-
luminated. It is zero when some cells are
shaded by end effects since the electrical
output in this case would be very small.
When FCIONO is non-zero, it is the product
of the cell efficiency (CELLEF), the fraction
FC of the absorber width covered with cells,
the light intensity incident on the cells, and
the ratio of cell length to the collector
length (C EL L/CO LEN).

ALPHIO is the average energy absorbed
by a unit area (M’) of the absorber and cor-
responds to the product «al discussed for
COLL1. ALPHIO is given by (lines 2141 to
21 50):

if (T, - 0.5)L,>L,/2 (44)
if ([,-0.5)L, <-L/2

CJLerly cosb, {odl - FLY2 + Fa[(T;-05)L, + L/2]} T, if[T,-0.5|L,< L,/2

where:
C .= ratio of collector aperture to
absorber area (concentration ratio,
(C RATIO))
L.= total length of collector absorber
(COLEN)
L.= absorber length covered with
photovoltaic cells (CELLL)
zost= cosine ot incident angle to Sun
(COSINC)
X= absorptivity of absorber surface not
covered with cells (ALPHA)
Xc = absorptivity of cells (ELECAB)
F.= fraction of area L, x (width)
actually covered with cells.

It is assumed that a row of photovoltaic
cells of length L.are centered in the | i near
absorber whose length is L. It can be seen
that (I", 0.5)L; 2L/2 corresponds to the
entire cell length, one end section and part
of the other end section receiving sunlight.
I — 0.5)L,<-L./2 corresponds to less than
one end section being illuminated, and
I'; - 0.5jL; <L /2 corresponds to one end
section and part of the cell length being in
the reflected sunlight.

If the collector provides only electric out-
put, (ISYS = 1), the computation of thermal

output is skipped. otherwise, the ap-
propriate collector temperature TTEMP s
computed. The calculation of TTEMP
depends on whether the collector operates
with fixed flu id flow rate (1 FLOW = 1) or with
fixed output temperature (I FLOW =2).

The thermal output of collectors
operated with fixed output temperature is
computed in lines 2159 to 2163. The com-
putation of QL2, which is proportional to
the thermal losses (equal to, if there are no
solar cells), utilizes two thermal loss coeffi-
cients. The efficiency of a collector is not a
linear function of temperature; a typical ef-
ficiency function is illustrated in figure
I I 1-10. Particular care must be taken to ac-
count for the nonlinearity if the collectors
are operated over a wide ‘range of tempera-
tures. The algorithm used by the program
approximates the efficiency curve with two
straight line segments as shown in the figure.
The effective incremental thermal losses in
the two temperature ranges are computed
as follows:

J, = (no-1.)C1p (45)
T, -TO
7C.lp
-2'T|
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If the difference between the average col-
lector temperature and the air temperature
(T,- T,is greater than the difference T,- T,

= A

L4

then both U,and U,are used to compute
the thermal output. Using the notation
which has been developed in the discussions
of COLL1 and COLL2, the thermal output is

al-F An(28)1-B(T; -28)]-U(T,-ToFU,[TT AT,-Toll (46)

QSR
o

fT-T,>T,-T,

Figure 111-10. —Typical Collector Efficiency Curve
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QSR

1-F An(28)8/k,

This equation can be derived in a fashion
similar to that used in the discussion of
COLLT. If Tf -~ T,<T, — T,, then U, is not
used and the thermal loss portion of the
equation reduces to U/(T,—- T,). If one
wishes to run the program using a single
thermal loss coefficient, set U,= U,and set
T,and T,to arbitrary values.

The thermal output of collectors
operated at a fixed flow rate is calculated in
lines 2168 to 2173. For this case, the thermal
output is given by:

_ A al-FIp28)1-B(T,-28)]-U,(T - To}Uu[T,-T AT, T (47)

C, 1+ U20fC,C)~F In(28) Bl1/k, + 1/2efC,C)]

if T— T,T, - T, As for fixed output
temperature, the thermal loss portion
reducesto U (T, = T)if T,=T,<1,—1, Ihe
program can also be operated with U,= U,
as above. This algorithm implicitly assumes
that the flow rate is great enough that the
temperature rise across the collector is not
so large that the loss calculation will be sig-
nificantly affected if T—- T,is nearly as
large as T,— T..

The electric output of collectors that also
provide thermal output is computed on line
2175 as:

ESR= (A C ) F 1n28)1-8T + SR

-28)]  (48)
The electric output of passively cooled
Colectors is calculated on line 2178 as:

FsR= Ao FIn(28)1-8(T, + alik, - 28)] (49)

c, 1-F In(28)8/k,

Collector Subroutine COLL3

This subroutine computes the thermal
output of a heliostat field. | t does not per-
form a detailed computation of the shading,
blocking, and incidence angles for each
heliostat in the field, but rather utilizes out-
put curves computed for a particular field
by the University of Houston and modifies
these results to account for different lati-
tudes. Since it computes only thermal out-
put and uses a rather simple approximation
for the shading and incident angle factors,
this subroutine is both shorter and simpler
than the other two collector subroutines.
The program is listed in appendix IlI-B and
the flow diagram for the output computa-
tion of COLL3 is shown in figure I | 1-11.

The first part of the subroutine again per-
forms initializations and reads input data.
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Figure 1ll-11. —Flow Diagram for Computing Hourly
Output of a Hellostat Field
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Lines 2013 to 2015 contain data for use in
the computation of the absorbed sunlight.
Since this subroutine is considerably
simpler, it requires only about a third of the
input coefficients (lines 2035 to 2042) of the
other two subroutines. The solar time and
other quantities used in the hourly computa-

tion are calculated in lines 2055 to 2065.

This subroutine performs checks to see if
the Sun is shining and if it is more than half
an hour after sunrise or before sunset just as
the other subroutines. The major difference
is the manner in which the incident sunlight
is computed. N, TD, TB, and TC are all used
to compute the factor GAMCOS, which rep-
resents the average incident cosine factor
and shading factor for the entire heliostat
field. GAMCOS is calculated using line
segments to determine the maximum input
available at each time of the day as dis-
cussed in chapter VIl I-A and shown in figure
VI 1I-A-4 of volume 1. Once GAMCOS is
known, the thermal output QSR is simply
the absorbed radiation minus the thermal
losses:

QSR = @A I,GAMCOS — (A /CIU (T, —T,)  (50)

where T_.is the Collector output tempera-
ture.

Note that this subroutine uses the collec-
tor area AREAC instead of the absorber area
AREACR in the computation, The thermal
losses are based on the output temperature
TFOUT since it is assumed that these sys-
tems will operate at fixed output tempera-
ture and the thermal loss coefficient ULOSS
was specified for a particular temperature.
Since radiation is the major thermal loss in
many such systems, ULOSS is a strong func-
tion of the output temperature.



Appendix IlI-A

Proof of Valve Opening Sequence

For a given set of valve settings in the
diagram illustrated in figure 2, the amount
of electricity (E) and the amount of thermal
energy (Q) provided by the system can be
written in terms of the amount of high-tem-
perature energy entering the system (Q,)as
follows:

E=QuBn(1 + vyo,m) (A-1)
Q = QuiBnila, + 1 =vy o) + (1 =B)] (A-2)

The valve settings depend on the ratio of Q
to E, the energy required to meet the loads.
Clearly if Q =0 the optimum valve settings
are Y= | and R=1. This situation also holds
as long as the minimum amount of thermal
energy exhausted in producing the needed
electrical output exceeds Q.

Therefore,

10 < Q/E € a,J(1 + aym,) (A-3)

Then 3 =1

y=1

If Q/E exceeds a,/(1+a;n,), either v or
must be less than one. At the point where
Q/E equals a,/(1 + a,7,) it is known that the
optimum settings are y=1 and 8=1. It E is
held constant and Q is increased by an in-
cremental amount (AQ), and incremental
change will be required in QH and either v
or B or possibly both v and 8. The incremen-
tal change in Q,required to meet a load E
and Q + AQ can be computed from equa-
tion (A-1) as follows:
AE=0

=(AQ,/QuE + (ABIBE +AY{QuBy n,a.) (A4

—AQ,/Qy=[1/8lA8 + 21T Ay

1+yam, (A'S)
As both 8=1 and y=1, equation (A-5)
reduces to:

-AQ,/Qu=4A8+ XM Ay
R 1+am, (A-6)

In the case 7y is not equal to 1, the coeffi-
cient of Ay would still be less than the coef-
ficient of ABif a7, is less than one. This will
always be the case if 7, is greater than 5, (a
situation which will hold in all practical
cases. ) Because energy is conserved we
know that

7 + am, <1 (A-7)

or equivalently that

an, <1 (A-8)

Therefore, if 5, >7n, it must be true that
am, <1. Since the coefficient of Ay is
always less than the coefficient of A8 in
equation (A-5), Q,is minimized by changing
v while holding 8 constant at its initial value
of one. Therefore:
1f Q/E > /(1 + an,), and

Q/E <(a;, + a,), then

R- 1

y = E(a, + 2)-Q (A-9)

a,(Qn, + B)

When (A-9) indicates that <0 (ie,
Q> E(a;, + a,), B must be adjusted. There-
fore, if:
Q/E >(a, + ), then (A-10)
y= 0
E
EQ - 7, (o, + a))) + ﬂlQ

8:

This proves the sequence stated in the text
viz, For small values of Q.E,both B and ¥y
are one. As the ratio increases to a point
where demands cannot be met with this
valve setting without discarding electrical
energy, the valve characterized by vy should
be adjusted first, keepin,=1. The quantity
R should only be reduced from 1 when the
opt i mum setting for 7y =0.

65
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TOTI Q PB-PNC/ UGFQD2 08/ 17/ 78 14:41:56

© oUW N

% PROGRAM NAME:  TOTI Q. JB

% JOHN C. BELL

% ENERGY PROGRAM

% OFFI CE OF TECHNOLOGY ASSESSMENT

% COWPl LED
z DATE: 1112/ 78
z TIME 13: 6: 1

% PROGRAM TOTI O JB FCR RUNNI NG SOLAR AND NON- SOLAR SYSTEMB
% FI LE HANDLI NG REQUI REMENTS:
% 12— LE NUMBER FOR GENERAL INPUT IN TOTI QO JB, THE LOAD

% SUBRCQUTI NES, AND THE COLLECTOR SUBROUTI NES. NORMALLY
% TH S IS EQUATED TO I N$ FOR TERM NAL | NPUT.

% 13--FI LE NUMBER FOR GENERAL QUTPUT IN TOTI O.JB, THE LQAD
% SUBRCQUTI NES, AND THE COLLECTOR SUBROUTI NES. NORMALLY
% TH'S IS EQUATED TO QUT$ FOR TERM NAL QUTPUT.

% 20-- FI LE HOLDI NG HEATI NG COOLI NG LOADS, PROCESS LOADS, AND
% M SCELLANEQUS ELECTRI C LQOADS

% 25-FI LE HOLDI NG WEATHER AND | NSOLATI ON DATA
% 50--FI LE FOR QUTPUTTI NG HOURLY ELECTRIC BACKUP/ SELL DATA

% (REQUI RED ONLY FOR UTILITY | MPACT ANALYSI S AND DEBUGG NG
% XX—-FI LES HOLDI NG SYSTEM CCEFFI Gl ENTS, CELL CCOEFFI CIENTS, AND
% ELECTRI C HEATI NG COOLI NG CCP' S ARE PROWPTED FCR IN THE

% MAIN PROGRAM

%
% TOTI Q. JB MUST BE LINKED TO THE FOLLON NG

z UPDATE. JB- - ALWAYS

) ONE LOAD SUBROUTI NE

z LOADS. JB--SINGLE FAM LY HOUSE, |NSULATED SINGLE FAM LY
% HOUSE, TOMHOUSE, H GH OR LOW RI SE APARTNMVENT
% LOADSC.  JB--SHOPPING CENTER

L} ONE COLLECTOR SUBRQUTI NE

% CQOLL1. JB--FLJT PLATE COLLECTCRS AND TWO- DI MENSI ONAL

% TRACKI NG COLLECTCRS

% coLL?. JB oNEDI MENsI oNAL TRACKI NG COLLECTCRS

% CCLL3. JB-—HELI OSTATS

% ONE SYSTEM SUBRCQUTI NE

% HFSYS-HEAT ENG NES WTH FOSSIL BACKUP

% HESYS- - HEAT ENG NES W TH ELECTRI C BACKUP

% PVSYS--ALL PHOTOVOLTAI C SYSTEMS

% HWBYS- - SOLAR HOT WATER SYSTEMS

%
%

% M SCELLANEQUS | NFORVATI CN

z --ALL LOADS AND MAXI MUM QUTPUTS ARE | N KI LOMTT- HOURS AND
% KI LOMTTS

% --@BH HOLDS THE SPACE CONDI TI ONI NG LOAD

% - - NEGATI VE MEANS A HEATI NG LOAD

% --PCSI TIVE MEANS A COOLING LOAD

% --HW.OAD HOLDS THE PROCESS (Hor WATER) LQAD

% --E HOLDS THE M SCELLANEQUS ELECTRI C LOAD PLUS THE FAN AND
% PUMP LQAD

z --ELLOAD HOLDS THE M SCELLANEQUS ELECTRI C LOAD

%

DI MENSI ON  E(8760), FALOAD( 168) , M 13), | MTH(12)

DI MENSI ON  COEF(30), | COEF(8) , TI TLE( 15)

DI MENSI ON FUELMY(12), TOTEM 12) ,TOTSM 12), TALTE(12)

DI MENSI ON ESRM 12), GSRM 12), QOCM 14), QCHM 14), EEEM12) ,QPM12), %
TEMPM 12)

TOT10. PB- PNC/ UGF002 08/17/78 14:41:56

1005.

1006.
1007.

1008.

1009.

1010.

loll.
1012.

1013.
1014.

1015.

1016.

1017.
1018.
1019.
1020.
1021.
1022.
1023.
1024.
1025.

1026.
1027.

1028.

1029.
1030.
1031.
1032.

1033.

1034.
1035.
1036.
1037.
1038.
1039.
1040.
1041.
1042.
1043.
1044.
1045.
1046.
1047.
1048.
1049.
1050.
1051.
1052.
1053.
1054.
1055.
1056.
1057.
1058.
1059.
1060.

1061.

1062.
1063.

1064.

DI MENSI ON  CPH( 2, 25), CPC(2,  25)

DI MENSI ON  ESE(12),LSE(12), HSE( 12) ,ESM12),LSM12) ,HSM 12),OLDST(3)

IMPLICIT REAL(L)

COMMON/ AXXX/ COPA, EHWEFF, HCOPM CCOPM EFFB, ENGVAX, EFF1, EFF2, ALPHAL, %
ALPHA2, HTQSTM LTHTS, HTHTS, LTQSTM LTLTS, HTLTS, HLHTH, %
FHWEFF, HLLTH, EFFBE, ESTORM EFFBAT, PCSIZ, EFFPC HEATMX, %
COOLMX, FAN, TL, TH, KXX, NHTQ NLTQ.  IGRID, [ISO AR IA ISMIH %
I HR, | OFFPK

EQU VALENCE  (COEF(I), COPA) , (1 COEF(1), NHTQ

COMMON/ CXXX/ COPAA, COPEE , EBM  EBEM EEE, EFFEX, TENCM  BENGM ENGM %
ESR, ESTOR EEFF, FFHW FHET, FUEL, HTSSTM HTQ HTQ , HT@ , %
HTQSO,  HTQSTO, LTQ, LTQO , LTQSO, LTASTO, @A, QC QC 1, QC2, %
Q2z, €, QP, QS, SR, RESIDY,  SHET, STHET, TOTTEQ, TOTBEO, %
TOTEQ, HLHTL, HLLTL, EFFLOT, EFFST, | PRINT

COVMMON/ DXXX/ BOLMAX, CPC , CPH, EEEM EHM  EKMAX, EKM N, ESE, ESI,ESIM %
ESM ESO, ESOM ESRM ESTMAX, ESTM N, ESTORI, FUELMO, %
HRRUN, HSE, HSM HTMAX, HTM N, HTQ M HTQOM HTQSTI , %
I EC | EH, | EOMBT, | HRAV, [HRCT, |QUTS, J10, J20,J30 LSE, LSM %
LTMAX, LTM N, LTQ'M LTQOM LTQSTI, AVESR, AMBR, QCCM QCHM %
QCIW QC1X, QCLY, QC2W QC2X,  QC2Y, QPM QSRM TALTE, TBAT, %
TEEE, TEMPM TESR, THTQ TLTQ TOTE, TOTEM TOTS, TOTSM %
TQP, TSR, TTEMP

COWON EXXX/ TAI RF

COWON XDATA/ E, HWLQAD

DATA M 1,745, 1417, 2161, 2881 , 3625, 4345,5089, 5833, 6553, 7297, 8017, 8761 /

DATA | TBOUT, HTSSTM 1, 1.0E+30/ @TSSTM | S TEMPORARY HT STORAGE

READ(12, 98, PROWT='TITLE: ‘) TITLE

98 FORMAT(15A4)

READ(12, 99, PROWT="SAVE HOURLY ELECTRICAL QUTPUT: ‘) ITST

IF (I TST.NE. YES') GO TO 9081

| HROUT=I

READ(12, 99, PROWT="PRINT QUTPUT TABLES: ‘) ITST

IF (I TST.EQ 'NO ) | TBOUT=0O

I'F (1 TBOUT. EQ 0) GO TO 4113

9081 READ(12, 99, PROWT =%
‘ PRINT MONTHLY TOTALS OF SOLAR/ DEMAND VARI ABLES: ‘) ITST

IF (ITST.EQ'YES') |HRAV=|

READ( 12, 99, PROWPT= %

‘ PRINT AVERAGE ANE END OF MONTH VALUES OF STORAGE: ‘) I TST

IF (ITST.EQ’'YES') |EOWST=1

READ( 12, 99, PROVPT=" PRI NT | NPUT SUMVARY: ‘) |TST

IF (ITST.EQ 'YES') lQUTS=I

4113 READ(12, 99, PROWT='USE SEASONAL PARAMETERS: ‘) [ITST

IF (ITST.NE." YES) GO TO 1112

READ(12, *, PROWT="MONTHS TO |NPUT CHANGES: ‘) |IMIH

1112 READ( 12, *, PROVPT-’ FI LE NUMBER FOR SYSTEM CCEFFICIENTS: ') |F

IF (IF.LE.0) GO TO 1066

REWND | F

READ( | F) COEF, | COEF

1066 READ( 12, 99, PROWPT=' LI ST/ CHANGE VARI ABLES AND VALUES: ‘) ITST

99 FORMAT( A4)

IF (ITST.EQ’ YES') GO TO 1081

IF (ITST.EQ ' NO) GO TO 1082

IF (ITST.EQ 'NON) GO TO 1080

@ TO 1066
1081 WRI TE(13,909) (CCEF(1),1-1,29)
909 FORMAT(’ REAL NUMBERS_ = | o

# ,4X,"VALUE ,4X,'DEFINTION /%
1’ ,IPEIO 3, :ABSCRPTION AC CCP (DM’ /%
2", IPEO.3, : ELECTRI C HOT WATER HEATER EFFI QI ENCY (.LE.1.00)’/%

sbunysiq weiboud 18indwor

g-111 xipuaddy
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1065.
1066.
1067.
1068.
1069.
1070.
1071.
1072.
1073.
1074.
1075.
1076.
1077.
1078.
1079.
1080.
1081.
1082.
1083.
1084.
1085.
1086.
1087.
1088.
1089.
1090.
1091.
1092.
1093.
1094.
1095.
1096.
1097.
1098.
1099.
1100.
1101.
1102.
1103.
1104.
1105.
1106.
1107.
1108.
1109.
1110.
1111,
1112.
1113.
1114,
1115.
1116.
1117.

1118.

1119.

1120.
Al21.
1122.
1123.
1124.

,16,4X, ' REGULAR LOADS(0) OR SMOOTHED LOADS(1)’/%
, 16,4X," :SINGLE FAMLY(0), HGH R SE(l), SHOPPING center’/%

s BEAD(L2VPRORIBTEVAR F o hae T
IF (1V.LE 0) GO To 1067
IF (1V.GT.30) GO TO 1082
QOEF(1V) =V
Go TO 1082
1067  ReAD(12,*,PROVPT” VAR # AND |VARIABLE: ‘) 1V,
IF (1V.LE.0) oo TO 1077
IF (1V.GT.8) GO To 1067
I COBF(1V) -1
QO TO 1067
1077 READ(12,*, PROMPT- * FI LE NUMBER To STORE SYSTEM COEFF: ') IV
IF (1V.LE.0) GO To 1080
REWND |V
VR TE(IV) COEF, | QOEF
1080  CALL LOADS (TL, TH, FAN, HFATMX, COCLMX, |SMTH, |HR)
IF ((NHTQ NE.1).OR (HLHTH LE.1.E-9) .OR %
(HTQSTM LE. 1E-9)) GO TO 876
READ( 5, *, PROWPT= %
HEAT LOSS FOR LT TANK OF HI GH TeMp STCRAGE (kwi/ DG CENT/HR): ') %
HLHTL
876  IF ((NLTQNE. 1).OR (HLLTH LE.1.E-9).0R %
(LTQSTMLE. 1E-9)) GO To 877

3’ |IRE10. 3," :MULTIPLIER FOR ELECTRI C HEATING COP‘“s (DIM'/%
' 47 IPE10. 3, :MLTLTIPLIER FOR ELECTRIC COOLING COP“s (DM’ /%
' 57 [1FE10.3, :BAO LER EFFI G ENCY (.LE.1.00)'/%
* 6" ,IPEL0. 3, :NMAXIMUM ToPPING ENG NE QUTPUT (KW' /%
' 7' ,1PE10.3, :EFFICIENCY OF ENGNE #1 (.LE.1.00)'/Z
'8’ |IPEI0. 3, :EFFICENCY OF ENG NE #2 (.LE1.00)' /%
' 97 |IPE10. 3,” :ALPHA 1--H GH TEMP WASTE HEAT CCEFF. (DIM’'/%
‘10 ' |IPEL0. 3," :ALPHA 2--LOW TEwP wasTE HEAT CCEFF. (DIM’'/%
11" ,1PE10. 3, :CAPACITY OF H GH TEMPERATURE STORAGE (KWH)'/ %

12 ' |IPE10. 3," :Low TEMP. OF Hl a4 TEMP. STORAGE (DEG CENT)' /%
13’ ,1PE10.3," :HGH TEMP. OF H GH TEMP. STORAGE (DEG CENT)'/%

14 |IPE10. 3,” :CAPACITY OF LOW TEMPERATURE STORAGE (KWH)'/%

15 ' [ 1PE10.3," :LOW TEw. OF LOWN TEMP. STORAGE (DEG CENT)’'/%

16 * ,1PE10.3,” :H GH TEMP. OF LOW TEMP. STORAGE (DEG CENT)’'/%
17 [ 1PE10.3, : HEAT LCSS--H GH TEMP. STORAGE (KWH DEG CENT/ HR)' /%
‘18 ' |IPE10. 3, :EFFICIENCY OF FOSSIL HOT WATER HEATER (.LE.|.00)’'/%

19 * |1 PE10.3, :HEAT LOSS--LOW TEMP. STORAGE (KWH DEG CENT/HR) '/ %

20 *, 1PE10.3,” :ENG NE BO LER EFFICIENCY (.LE.1.00)'/%

21 ', |PE10.3," :CAPACITY OF ELECTRIC STORAGE (' KWH)'/%

22 ' |PE10.3," :EFFICENCY OF ELECTRI C STORAGE (-LE.1.00)'/%

23 ', 1PE10.3," :CAPACITY OF ELECTRIC POAER CONDI TIONER (I (W'/%

24 * |1PE10.3," :EFFICENCY OF POAER CONDITIONING (.LE.1-00)'/Z
, 25", 1PE10.3,” :MAXI MUM HEATI NG LOAD (KW' /%

‘26" IPEIO.3," :MAXIMUM COOLI NG LOAD (KW' /%

,27 ", IPEI0.3," :Fav OCEFFI G ENT (KW FAN KW QUTPUT)’ / %

28 ', 1PEI0.3," :LOWTEMP. FOR OPEN W NDOW--A/ C CUTOFF (DEG F)' /%
, 29 ', 1PE10.3," :H GH TEMP. FOR OPEN W NDOWS- - HT CUTCFF (DEG F)')
VRI TE(13,910) (1 CCEF(J).J=l. H)

910 FORMAT( ' INTEGERS _ — 9
T #,4X "VALUE | 4x,’ Definition /%
' 17 ,16,4x, ' :H GH TEMPERATURE STORAGE (M X(2), NOMX(1))' /%
* 2’ ,16 ,4X,’ :LOW TEMPERATUEE STORAGE (M X(2), NO MX(1))' /%
' 37 16 ,4X’ :BAOKUWP (FOSSIL FUEl,(0), ELECTRIQ(l), BATH'/%
© 4" 16 ,4x,’ :SOLAR colectR (NONE(O0),FP(1) ,1D(2), 2D(3),HEL(4))’ /%
5,16 ,4X’ :AIR CONDITIONING ON(1) OR OFF(2)'/%
6"
7
8
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1125.
1126.
1127.
1128.
1129.
1130.
1131.
1132.
1133.
1134.
1135.
1136.
1137.
1138.
1139.
1140.
1141.
1142.
1143.

1144,
1145.

1146.

1147.
1148.
1149.
1150.

1151,

1152,
1153.
1154,
1155.
1156.
1157.
1158.
1159.
1160.
1161.
1162.
1163.
1164.
1165.
1166.
1167.
1168.
1169.
1170.
1171,
1172.
1173.
1174,
1175.

1176.
1177.
1178.
1179.
1180.
1181.
1182.
1183.
1184.

READ( 5, *, PROWPT- %
‘HEAT LOSS FOR LT TANK OF LOW TEMP STORAGE (KWH DEG CENT/ HR):
HLLTL
877 ATEMPH=25
ATEMPL=25
IF ((HLHTH GT.0). AND. (HTQSTMGT.0)) %
READ( 5, *, PROVPT=" ANBI ENT TEMP. FOR HT STORAGE (DEG CENT): *)
ATEVPH
IF ((HLLTH GT.0). AND. (LTQSTMGT.0)) %
READ( 5, *, PROVPT-" AMBI ENT TEMP. FOR LT STORAGE (DEG CENT): ')
ATENPL
TEMP=HTLTS
IF (NHTQ EQ 0) NHTQ 2
IF (MLTQEQO0) NLTQ?2
IF(HTGSTM GT. Q' 1)  TEMP- HTHTS
IF (1SOLAR NE. 0) CALL COLL(ISYS)
IF (IOFFPK. EQ 1) calL OFFPK
READ( 12, *, PROWT-' FILES FOR ELECTRIC HC OCOP''S: ‘)IEH I EC
IF (IEH LE.0) Go TO 6654
REWND | EH
READ(| EH) CPH
6654 IF (1EC. LE.O0) GO TO 6655
REWND | EC
READ(| EC) CPC
6655 00 114 1-1,25
IF (1EH. GT.0) CcPH(2,1)-HcoPMcPH(2,1) /(1-HcoPMCPH(2, |)*FAN)
IF (1EC GF.0) CPC(2,1)-COOPMCPC(2,1) /(I-2. 5¥*CCOPMCPC(2, 1) *FAN)
114 CONTI NUE
READ( 12, *, PROVPT- %
‘INITIAL VALUES OF LON TEMP, H GH TEMP, AND ELEC STORAGE (KWH):
LTQSTO, HTQSTO, ESTCR
ESTORI - ESTOR
ESTO=ESTOR
LTQSTI - LTQSTO
LTQSO=LTQSTO
HTQSTI - HTQSTO
HTQSO=HTQSTO
EFFEX- 1.
EFFLOT=I . O
EFFST-1.0
LTM N-LTQSTM
HTM N- HTQSTM
ESTM N=ESTORM
EEFF- EFFPC* EFFBAT

KKK- 1

Jio-1 @1 RsT MONTH

J20-12 @AST MONTH

J30=1 @ NTERVAL

K10-1 @1 rRsT HOUR

K2X-0 @AST HOUR ZERO FOR WHOLE MONTH
K30-1 @ NTERVAL

1111 CONTI NUE MONTHS AND HOURS HERE

B R R R e Y

% BEG N CYCLI NG THROUGH THE

A e AN S e R A e A
00 1000 1-J1Q,J20, J30

MB-N(1+ ) -M 1)

K20- K2X

IF (K2X EQ 0) K20+M8

MB1- (K20- K10+l )/ K30 @ TOTAL HOURS IN THE MONTH

)

%

%

)

%

%

/9 e g-1] x1puaddy
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1185.
1186.
1187.
1188.
1189.

1190.
1191,
1192.
1193.
119. 8.
1195.
1196.
1197.
1198.
1199.
1200.
1201.
1202.
1203.
1204.
1205.
1206.
1207.
1208.
1209.
1210.
1211.
1212.
1213.
1214.
1215.
1216.
1217.
1218.
1219.
1220.
1221.
1222.
1223.
1224.
1225.
1226.
1227.
1228.
1229.
1230.
1231.
1232,
1233.
1234,
1235.
1236.
1237.
1238.
1239.
1240.
1241.
1242,
1243.
1244,

O K KK KKK KKK KKK KKK K KKK KKK KKK KK KKK KKK KKK KKK KA KKK Ak

% BEG N CYCLING T

I T T T T L

DO 100 J-K10, K20 K30

K-M1)+J-1 @ KIS THE HOUR OF THE YEAR

KCT- (K- 1)/ 168

KCT- K- 168* KCT

| DAY-1 +(K-1)/ 24

QP- HW.OAD( KCT) * ( 1+0. 372* Q0S8 (. 017214* (| DAY-30)))

CALL LOADSI(K, EEE, QBH, TA)

TAI RF=-459. 4+1. 8*TA

IF(Q8H. GT.0. ) GO TO 20

QC=QSH @ETS QC POSI TI VE FOR HEATI NG CASE

COPAA=] . 0

COPEE=0

IF(1EH. GT.0) CALL OCPT(TAI RF, CPH, OCPEE)

QO TO 30

20 QCQsH

IF (IAEQ2) Q=0

COPEE-0

COPAA- CCPA

IF (1EC GT.0) CALL COPT(TAI RF, CPC, COPEE)

30 I F(1 SOLAR EQ 0) GO TO 146

IF (HTQSTM GE.0.1) oo 7O 133

IF (LTGSTMLE. 0. |) GO TO 4140

F- LTQSTQ LTQSTM

IF (MLTQEQ1) co To 4135

TI NELTLTS+F* (HTLTS- LTLTS )

QO TO 140

4135 TINELTLTS

IF (F.LT.0) TIN=LTLTS+F*(HTLTS-LTLTS )

QO TO 140

133 F- HTQSTQ HTQSTM

IF (NHTQ EQ 1) GO 7o 135

TI NELTHTS+F* (HTHTS- LTHTS )

QO TO 140

135 TI NELTHTS

IF (F.LT.0) TINELTHTS+F* ( HTHTS- LTHTS)

QO TO 140

4140 TIN-LTLTS

140  IF ((LTQSTO GT.0 99*LTQSTM .AND. (COPAA LE. 0.001) .AND. %
(QBH.GE.0) .AND. (ISYS.EQ 2)) TIN=TA-263

CALL COLLO1(K, TIN, TEMP, TA, S8R, ESR)

AMBR=AMAX1( AMEBR, BR)

ANESR=AMAX1  ( AMESR, ESR)

LX) TO 147

146 QBR=0

ESR=0

147 E(K)=0.

TESR=TESR+ESR

TQSR=TQSR+QSR

TEEE=TEEE+EEE

IF (QBH GT.0) QUOM 14) - QOOM 14) +QC

IF (QBH LT.0) QCHV 14) =QCHM 14) +QC

TP=TGP+QP

TTEMP=TTEMP+TAI RF

I HRCT=I HRCT+|

EEEM | ) - EEE14( | ) +EEE

PM1)-GPM 1) +@P

IF (QBH Gr.0) QoM I)=Qoem 1) +QC
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1245.
1246.
1247.
1248.
1249.
1250.
2000.
2001.
2002.
3000.
3001.
3002.
3003.
3004.
3005.
3006.
3007.
3008.
3009.
3010.
3011.
3012.
3013.
3014.
3015.
3016.
3017.
3018.
3019.
3020.
3021.
3022.
3023.
3024.
3025.
3026.
3027.
3028.
3029.
3030.
3031.
3032.
3033.
3034.
3035.
3036.
3037.
3038.
3039.
3040.
3041.
3042.
3043.
3044,
3045.
3046.
3047.

3048.

3049.

3050.

IF (QBHLT.0) QCHMI)-QCHM ) +QC
QRM 1) - BRM(1) +QBR

ESRM 1) =ESRM(| ) +ESR
TEMPM 1) - TEVPM 1) +TAIRF/ VB 1
LTQSO=LTQSTO

HTQSO=HTQSTO

[ R R R

CALL SYSTEM K, Q8H)

T D L R T R
IF (QSH LE.0) GO TO 9911

QCLX- AVMAX1  (QCLX, QC1)

Q2X=AMAX1( QC2X, QC2+QR2Z )

GO TO 9910

9911  QClY=ML( QCLY, QC1)
QCRY=AVAX1( QC2Y, QC2+QC27)

9910 IF (QSHLT.0) QCIWAWAX (QJWQJ +QCe2t QC22)
IF (QSH. GT.0) QE2WAMAXI (QC2W QC1+QC2+QC22)
IF (IGRID.NE. 1) EHVEAMAXI (EHM FFHW
TBAT=TBAT+ESTCR
THTQ=THTQ+HTQSTO
TLTQ=TLTQ+HLTQSTO

BOLMAX=AMAX1  ( BOLMAX, FUEL- FUELI | )
HTMAX- AMAX1 ~ ( HTMAX, HTQSTO)

HTM NEAM N1~ (HTM N, HTQSTO)

LTMAX- AMAX1  (LTMAX, LTQSTO)

LTM N=AM NL1(LTM N, LTQSTO
ESTMAX=AMAX1 ~ ( ESTMAX, ESTOR)

ESTM N=AM N1  (ESTM N, ESTOR)

IF (IGRID.EQO) GO TO 906
EKMAX=AMAX1(  EKMAX, E(K))

EKM NEAM N1 (EKM N, E(K))

906 FUELI | =FUEL

LTQ LTQSTO LTQSO

ES=ESTCR- ESTO

ESTO=ESTOR

IF (LTQLT.0) o 10 9400

LTQ =LTQ +LTQ

LTQ MFAMAXL  (LTQ M LTQ

GO TO 940l

9400  LTQO=LTQD-LTQ
LTQOMEAVAXL( LTQOM - LTQ

9401 IF (HTQLT.0) GO 70 9402
HTQ =HTQ +HTQ

HTQ MEAMAXL  (HTQ M HTQ

GO TO 9403

9402  HTQO=HTQD- HTQ

HTQOM MAX1 ( HTQOM - HTQ

9403 IF (ES.LT.0) GO TO 9404
ESI =ESI +ES

ESI M-AMAX1  (ESI M ES)

CO TO 9405

940& ESO=ESO ES

ESOMEAMAXL  ( ESOM - ES)

9405 IF (E(K) .LT.0) coTo 7011
IF (IGRD.EQO) GO TO 101
TOTE=TOTE+E( K)

G0 TO 101

7011 TOTS=TOTS- E(K)

101 ESM1)=ESM|)+ESTOR

IF (HTQSTM LE. 1. E-9) GO TO 3052

spaaN A8iauz s,Aepo| 01 Adojouydaj iejo§ - §9
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3051.
3052.
3053.
3054,

3055.

3056.
3057.
3058.

3059.

3060 .

3061.
3062.
3063

3064.

3065.
3066.

3067.
3068.

3069.

3070.
3071,
3072.

3073.

3074.
3075.

3076.
3077.
3078.

3079.

3080.

3081.

3082.
3083.
3084.
3085.

3086.
3087.

3088.

3089.

3090.
3091.

3092.

3093.
3094.
3095.
3096.

3097.

3098.
3099.

3100.

3101.

3102.

3103.

3104.
3105.

3106.

3107.

3108.
3109.

3110.

F=HTQSTO/HTQOST™

LF (ICOEF(1).EQ.2) GO TO 3053

TF (F.GT.1) GO TO 3053

IF (F.LT.0) GO TO 3058

HTQSTU=HTQSTO~ (F*HLHTH* (HTHTS-ATEMPH )+ (1=F) *HLHTL*(LTHTS-ATEMPH) )

GO TO 3052

3058 HTQSTO=HTQS TO-(HLHTL* ( (HTHTS-LTHTS) *F+LTHTS-ATEMPH))

GO TO 3052

3053 HTQSTO=HTQSTO- (HLHTH* ((HTHTS=LTHTS)*F+LTHTS-ATEMPH))

3052 IF (LTQSTM.LE.L1.E-9) GO TO 3061

F=LTQS‘1‘0/LTQsm

IF (ICOEF(2).EQ.2) GO TO 3056

IF (F.GT.1) GO TO 3056

LF (F.LT.0) GO TO 3060

LTQSTO=LTQSTO- (FAHLLTH* (HTLTS-ATEMPL)+(1=F) *HLLTL* (LTHTS~ATEMPL))

GO TO 3061

3060 LTQSTO=LTQSTO-(HLLTL* ((HTLTS-LTLTS)*F+LTLTS-ATEMPL))

GO TO 3061

3056 LTOSTO=LTQSTO-(HLLTHX( (HTLTS-LTLTS)*F+LTLTS-ATEMPL))

3061 LSM(T)=LSM(1)+LTQSTO

HSM( SM(T)+HTQSTO

160 .

ThkkkRAkK Kk kkkkkkkKk Ak KK RAARRKARRRRK AR AR IR K kAR kR kAR AR ARARARRAARA X

% END CYCLE OF HOURS THROUGH THE MONTH

% CALCULATE VARIOUS MONTHLY TOTALS

kkok ok kk AR AAKRRRARK KA KA RAAKRRAARRRAARRKRARKR KA AR ARARR R R Ak h Rk khhkkhk

ESE(I)=ESTOR

LSE( 1 =LTQSTO

HSE(1)=HTQSTO

TOTEM(1)=TOTE~TOTEI

TOTEL=TOTE

: 101 )=TOTS-TOTSI

SL=TOTS

FUELMO ( 1)=FUEL-FUELI

FUELI=FUEL

TALTE (1 )=RESID9-RESID8

RESTD8=RESID9

ESM(T)=ESM(T)/(AMAX1 (1,ESTORM)*M31)

LSM(1)=LSM(I)/(AMAX1 (1,LTQST™)*M31)

HSM(1)=HSM(I1)/(AMAX1(1,HTQSTM)*M31)

HRRUN=HRRUN+M31

IF (I+1.NE.IMTH(KKK)) GO TO 1000

WRITE(13,3777) IMTH(KKK)

3777  FORMAT(® ENTER SEASONAL PARAMETERS FOR MONTH: °,I2

DO 447 K2J=1,3

447  OLDST(KZJ)=COEF (134K2J)

KKK=KKK+1

1113 READ(12,*,PROMPT="VAR. # AND VARIABLE: 7) IV,V

IF (IV.LE.Q) GO TO 3778

COEF (IV)=V

CO TO 1113

3778 LTQSTO=(LTQSTM/ (OLDST(3)-OLDST(2)))* 7
(((LTQSTO/LTQSTM)* (OLDST(3)-LTLTS) )+ %
((1~LTQSTO/LTQSTM) * (OLDST (2)-LTLTS)))

LTQSTM#LTQSTM* (HTLTS-LTLTS )/ (OLDST(3)-OLDST(2))

1000 CONTINUE

TR KKE IR KRR AR A AR AR AR AR R KRR AR R AR KRR AR AR R AR AR R R AR AR R AR ARk kK

% END (YCLE OF MONTHS THROUGH THE YEAR

% CALCULATE VARIOUS YEARLY TOTALS AND DO OUTPUT

ARKKIRAKKIRRA KRR KRR AR KA ARKRKRRARAARRRARARRRRRARRAARARARAKARKNRA
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3111,
3112,
3113.

3114,
3115.
3116.
3117.
3118.
3119.
3120.
3121.
3122.
3123.
3124,
3125.
3126.
3127.
3128.
3129.
3130.
3131.
3132.
3133.
3134,
3135.
3136.
3137.
3138.
3139.
3140.
3141.
3142.
3143.
3144,
3145,
3146.
3147.
3148.
3149.
3150.
3151.
3152.
3153.
3154,
3155.
3156.
3157.
3158.
3159.
3160.

CALL MVDDYY (INCM [|YAD, IRY)
CALL HHWBS(IRH, INIM |CES)
Wi TE( 13, 2660) TITLE, INOM |YAD, I|RY

2660  FCRWT (| [1X, 15M , * DATE : . 12,'- [, 12, 'I' , 12)
VR TE (13,2666) |RH, |NMICES
2666 FORWAT ( 61 X, ° TIME ‘.12, "1, 12, 'c 0, 12)

IF (1TBOUT. NE.1) GO TO 4112

IF (IPRINT. EQ 1) WRITE( 13,2777)

2777 FORMAT (/' PHOTOVOLTAIC SYSTEM )
IF (I PRINT .EQ2) WHTE (13,62778)

2778 FORMAT (/' HEAT ENG NE SYSTEM)
IF (I PRINT .EQ3) WRITE (13,2779)

2779 FORMAT (/' HOT WATER SYSTEM )

IF (I GRID. EQO0) WRITE( 13,2780)

2780 FORWT ( * FOSSIL FUEL BACKUP' )
IF (IGRD.EQ1) WR TE(13,2781)

2781 FORMAT(" ELECTRI C BACKUP' )

IF (IGRID.EQ3) WR TE(13,2782)

2782 FORMAT(" ELECTRIC AND FOSSIL FUEL BACKUP' )
IF (1 SOLAR NE.0) CALL COLLO2

CALL LOADS2

IF (IOFFPK EQ 1) calL OFFPK2

IF (IQUTS.NE. 1) o 7O 4112

VIR TE( 13, 3)
3 FORMAT(//' SYSTEM CCEFFICIENTS:’ )
WRI TE(13,909) (COEF(1), 1=1,29)

WRI TE( 13, 910) (I COEF(1),1=1, 8)
IF ISOLAR EQ 0) GO TO 4112
VR TE( 13, 4)
4 FORVAT(//’ OCOLLECTOR OCEFFI QI ENTS: ")
CALL COLLO3
IF ((HTQSTM. LE. 1E-9).AND. (LTQsTM.LE. |E-9)) GO To 4112
VR TE( 13, 950)
950 FORMAT(/ /11X, " STORAGE HEAT LOSS CCEFFI CIENTS //21 X, %
‘HEAT LOSS, 12x, 'AWMB. TEMP' /1 7x, '(KWH DEG CENT/HR)'> 7x, %
‘(DEG  CENT)')
IF (NHTQ EQ 2) WRI TE(13,951) HLHTH, ATEMPH
951 FORMAT(" HT STORAGE', 9%, 1PE10.3, 14X, OPF5. 1)
IF (NHTQ EQ 1) WRI TE(13,952) HLHTH, HLHTL, ATEMPH
952 FORMAT(" HT STORAGE", 2X, 1PE10. 3,’ | PE10. 3, 8X, OPF5. 1)
IF (MLTQ EQ 2) WRI TE(13,953) HLLTH, ATEMPL
953 FORMAT(" LT STORAGE', 09X, 1PE10.3, 14X OPF5.1)
IF (NLTQ EQ 1) WRITE(13,954) HLLTH, HLLTL, ATEMPL
954 FORMAT(" LT STORAGE',2X, 1PE10.3, * --', [|PEIO.3,8x, OPF5.1)
IF ((NHTQEQ1).OR (NLTQEQ1)) WRITE(13, 955)
955 FORMAT(/"  NOTE: FI RST HeaT Loss NUMBER IS FOR HT TANK' %
‘ OF THE PARTI CULAR /' STORAGE, ', %
‘SECOND |'S FOR LT TANK OF THE SAME STORAGE. ')
4112 CALL OUTTAB(| TBOUT, | HROUT)
END

69 o g-1/| xipuaddy



QUTTAB

@ N DA w N

©

11
12
13.

1 000.
1 000.

1 002.
1003 .
1004.
1005.
1 006.
1007.
1008.
1009.
1010.
1011.
1012

10 13.

1014.
1015.
1016.
1017.
1018.
1019.
1020.

021 -

1022.
1023.
1024.
3000.
3001.
3002.
3001.
3004.
3005.
3006.
3007.
3008.
3009.
3010.
3011.
3012.
3013.
3014.
3015.
3016.
3017.
3018
3019
3020

3021.

, PROGRAM “: AME
21{) H, 1. BELL
EXFRGY PROGRAM

W13 B

@FF 1 CF () F TECHSOLOGY a5 5 F S S4ENT

COMPT LED
DATE D 1/12/7
TI4F @ 13 b9

. PB-PXL/L'Lk'002 08/ 17 / 78 14 : 44 : 5 1)

SPROGRAMOUTTAR. JB FOR TABULAR OUT PUT OF DATA

v BY US IN C S EGM

[ EDIT NKING, TRTSPROGRAM

Wil ALLow OUTPUL OF ALL DAT A

SUBROUT I NFOU 1 | AB(TTBOUT
DIMENSTORE(#760)

JIHROUT)

VIS Toxk U Lo (1.1) , TOTEM(12),10TSM(12), TALTE(E2)

DIMENSTON

SRM(12),(j SLY (12) , Qcey (

TEMPM(121,TEXP (1 4)

DIMENSIONGPY (2,00 %), cp( 2,
DIMEN s L ONESE(12)  LSE(12),
MpL TG LT PEAL(L)

1)
HSE (12

L,

CHM ( 14), EFEM

CLISM(12) LS IY) Eseln)

COMIONTAXKY /TEM PV 1 ( 10) , HTQSTM,TEM P 2( 2) , LTQSTM, TEMPVI( b)) , 1

1S TORM > TEMPVG ( 5)

ITAPV2 (9)
(oMon [ CXXX /("0 paa

FSR, ES TOR,

HTQ

coMMox [ DXXX /BOLMAX , CPC, CPH,

ESM | ESO, FSOM

, HTQSTO ,

EEEM ,
ESR!

LIQI, C
QC22,QE,QP,QS,QSR,RES IDY9 , SHET , STHET,TOTTEQ,TOIBEQ,Z
IL) TEO, HLHT L, HLLT L, EFFLOT,EFF ST, IPRIN T

,FAN TEMPVS(3) , TIMPVI(2), IGRID

FL TS ST 4 TQ

1, H ;'()(7 , b
1 TQU, LTQSO,LTQSTO,QA, Q(",qC

1,002.%

EHM , EKMAX , EKMIN, ESE, ES| , ESIM,
, FSTMAX , ESTM I\, FSTORT, FL' EIMO,

HR RUN, HS F, HSM, HTMAX, HTM IS, HTQ | M, HTQUM, HTQ ST I ,

IEC, | EH, | EOMST

LTMAX, LT 1>,
o,
TEEE ,
TQP, TQSR,
COMHON /XDATA/ T, HWLO AD
IF ( TTBOUT . NF.1) GO TO 50
I F( TOUTS.NE. 1) coTo2pll

00

IHRAV
o, L
L0, Qe2x,
, THTQ, TLTQ, TOTE, foiEM, TOTS, TOTS}H,

IHRCT | fouTs , J 10, 320,030, 1, S, LS,

TQOM , LTQST L, AMESR, AMOSK,QUCM,QCHM,Y

Y, PM, (SRM, TALTE, TRAT,

IFLCTEH LI, 1), a8D . ((TEC, LT.1))60 7020 11
Caler kAR AR KRR AR ARIEAREAAAAE | AAAAAAAAAAAAAEA
WRITE(13,2)
oo FORMAT (/ / 7X, " ELECTR I (H/, co 1" ' " s ( KWE fKén | ")
WSIT (13 23)
HEAT © 08X, “Tedp s, L\, tool )

23 FORMA | (4Kt TEMP O 4X,

DO 119 T = 1,25
FFCR (L 1)L 1. =0, )1CS=
PR(epi( 1, 1), L1-99 ) 111S=

FO(1HS. RQ.1) . asb. (¢S,
TR((IES. N L) AN, (10
CR(L, 1), g, Tl (
CPCEL boayer (2,

FOID S b1y WRIT( 13,
F (IS, S0 1 pwr | TF (13,
19 CONTISEE

1

fu1))comtml!

[EIRt

(m(1,

26) (1

LN L) ) WRITE( LY, J0+)

L T) RFan

PO, R

T) (P2, T (LRI, 1)t

UL C P20 7 (42 5KPO(D, 1) % BAY)

OUTTAB .PB-PNC/UGFD02 08/ 17/78 14: 44: 51

3022.
3023.
3024.
3025.
3026.
3027.
3028.
3029.
3030.
3031.
3032.
3033.
3034.
3035.
3036.
3037.
3038.
3039.
3040.
3041.
3042.
3043.
3044.
3045.
3046.
3047.
3048.
3049.
3050.
3051.
3052.
3053.
3054.
3055.
3056.
3057.
3058.
3059.
3060.
3061.
3062.
3063.
3064.
3065.
3066.
3067.
3068.
3069.
3070.
3071.
3072.
3073.
3074.
3075.
3076.
3077.
3078.
3079.
3080.
3081.

24 FORMAT ( 3X, F 5.1, 2X F6.2, 7X F5 .1, ZX H; ‘2)
25 FORMAT ( 3X, F5 .1, 2X F6.2, 9X ' --", -")
26 FORMAT ( BX, ' --', 6X, ' --" ,8X F9.1, 2x, Ff: 7)

ZEkxx e M e T,

2011 EFACT=AMAX] (|, ESTORM)

BATLF=TBAT/ (HRRUN*EFACT )

EFACT=AMAX 1 ( 1, HTQSTM)

HTLF=THTQ/ ( HRRUN*EFACT )

EFACT=AMAX 1 ( 1, LTQST™ )

LTLF=TLTQ/ (HRRUN*EFACT )

EFACT=AMAX! ( | ,TENGM)

ENGLFT=TOTTEO/ (HRRUN*EFACT )

EFACT=AMAX] ( 1, BENGM)

ENG LFB=TOTBEO/ ( HRRUN*EFACT )

EFACT=AMAX] ( 1, ENGM)

ENGLF=TOTEO/ ( HRRUN*EFACT )

EFACT=0

Do 4110 1= J106, J20, J30

IF (ABS (TALTE ( | ) ).LE. 1.00) TALTE( 1) =0

4110 EFACT=EFACT+TALTE ( | )

WRITE (13 ,4113 )

4113 FORMAT ( / / 7X, * ELECTRICITY AND FOSS 11, FUEL BACKUP DEMANDS (KWH ) * )

WITE ( 13, 1005)

1005 FORMAT ( ' MONTH , 4X, * ELEC . BUY ' | 4X ' ELEC. SF. LL‘ ,4X, ‘ FUELUSE" | ¢
3X, * EXCESS LT ENERGY' )

WaTe (13, 1006) (1, ToreM(1) , Torsw ( L), FUELMO ( | ), TALTE (| ) , 1= 110, J20,J 30)

1006 FORMAT( * * 13, 4X, IPE 10.3, 4x, IPE 10.3, 4X, 1PE10.3,5%, 1 PE 10.3 )

WRITE ( 13, 1007) TOTE, TOTS, FUEL, EFACT

1007 FORMAT ( * TOTAL' , 2X, IPE 10.3, 4X, 1PE 10.3, 4X, IPE 10.3, 5% IPE10. 3)

IF((IGRD. EQ. O .AKD. (| PRINT. EQ 1)) WRITE ( 13, 4007)

4007 FORVAT ( * NOTE: ELEC SELL IS DC ELECTR 1€ ITY THAT cax ' ' T

‘BE STORED IN THE BATTER}”

G *HAKKRAAKKRAKKKAE KHARKRRAAKRRAEKKREEKE XK KRAAKHRAKKRAAKRRE KRR

QCHM( 1 3)= QCHM( 14 ) /IHRCT

QCCM( 13)=QCCM( 14) /IHRCT

Do 66 1=1, 14

TEST=QCOM ( | )

IF (QCHM ( 1 ) .GT.QCcM( 1) ) TEST= QCHM(T)

DO 65 J=1, 10

IF (TEST/( 10**J) . LT .1. 00) GO TO 64

65 CONT INUE

64 TBXP (1) =J-1

DI V= 10°% (J-1)

QHM( 1) =QM( 1) /D1

QCCM(I)= QCcM(T) /D IV

66 CONTI NUE

IF ( IHRAV. NE. 1) GO TO 9059

WR ITE ( 13, 7 705)

7705 FORMAT (// 26X, 'TOTAL MONTHLY VALUE S (KWH) * , 24X, ' AVER ‘' [
7%, ' PHOTO VOLT' ,6X, * SOLAR ' ,6X, ' __ L 4
* |NTERNAL DEMANDS ' , *___ TN TR
* MONTH * , IX, " ELECTRIC ' ,6X, ' THERMAL * , 5%, ' ELECTRIC' , Z
5x, “ HEAT/COOL , 5x, ‘HOr WATER", 7x ‘" (F. ) ")

WRITE (13, 7707) (1, ESRM(IL) , QSRM (1) , EEEM( 1), QCEM(T) , QCes(1) , %

IXP (1), Qe (1), TEMPM (1), T=110,720, 3 30)
7707 FORVAT ( ( * * , 1X, T2, 2% 2 ( IPEi0.3,3X), 1 Pr 10.3, 2X,0PF4 .2, * | * ,
OPF4 .2, " E+00°, TS7,11, 2X,IPE10.3, 7%, 0PF4 . 1) )

IWR LT E( 13,7710 ) TF SR/ | HRer, TQSR/ 1 HRCT, TEEE/ | HRC T, QCHM ( 13) ,

% qeeM (13) , TEXP( 13) , TQP/ THRCT, 1 IEMP/IHRCT

%W 710 FORMAT ( © YRAV ' , 2(1PE20. 3, 3%), 1pE10. 3 2%, OPFR&. 2, " /" 2

spoaN A81aug s, Aepo | 0} ASojouydaj 1ejoS e 0O/



CUTTAB.PR=-PNG/L GFONY je 1 781,

3089,
jnan.
3091,
(AL TN
1093,
3094,
3095,
3096.
3067.
3098.
3099.
3100,
3101,
3102,
3103,
3104,
3105,
3106,
3107,
3106,
3109,
3110,
3111,
312,
3113,
3114,
3115,
3116,
3117,
3118,
3119,
3120,
3120,
L2z,
3123,
3124,
3125,
326,
3127,
3128,
3129,
3130,
3151,
3132,
3133,
3134,
313%.
3136,
3137,
33K,
3139.
3140,

3iad.

HETE

OPFL4. 2, "E+007 ,T97, L1, 2X, IFE10.3,7X, 0PF4. 1)
S0 TO 9053

9659 WRITH(L3, 7706)
7706 FORMAT(//31X,7YEARLY TOTAL (KWH)"/ %
7X, “PHOTOVOLT ", 6X, “50LAR, bX, ° . %
NAL DEMANDS”,C TLIXLTTEMPT/ T

CTRTC, 6X, “THERMALY, 9N, "FLECTRIC”, =
9%, THEAT/COOL", 9X, "HOT WATER”,7X,"(F.)")
3 WRITFE(13,7715) TESR,TQSR, TEEE,QCHM(14),QCCM(14),IEXP(14),TQP
7715 FORMAT (© TOTAL”,2(1PE10.3,3X),1PEL0.3,2X,0PF4.2,7 /", %
OPF4. 7, E4007 \T57, 11, 2X, 1PEL0.3,7X,” -= 7)
TR KA KK AR KA KA KK KKK KA RKAK KKK AKARKAK KKK KR ARKR KKK KR AKX AR KRR ARA KR KK
IF (IEOMST.NE. 1) GO To 9054
WRTTE(13,4089)

G089 FORMAT(//17X,” LOAD FACTOR “, 19X, END OF MONTH VALUES”/%
7X, 7 — , "OF STORAGE ( KWH 1 , ° ',z
3 *, ° OFSTORAGH( KWHI, * q -

MONTH ', 1 x -
JELECTRIC,4X, "LOW TEMP’,4X, "HIGH TEMP™,3X, %
“ELECTRIC”,4X,  LOW TEMP™,4X, HIGH TEMP™)
WRITE(13,4080) (1,ESM(L1),LSM(L),HSM(I),ESE(L),LSE(T) HSE(L), 2
1=J10,320,J30)
4080 FORMAT((2X,I2,2X,6(1TF10.3,25)))
TAKKKA A K kA RKR K KA K AR AKKKKAKKKARKKKRKRAARRKARAKKARKKKRRKRRR KKK KRR K K
90546 WRITE(]3,9000)
FORMAT (//57X, "STORAGE VALUES™)
WRITE(L 53,9001
Q001 FORMA
WRITE(L 3, 97
9002 FORMA
WRITE(L 3,0703)
9003 FURMA

(DIM) 7, 14X, 3(2X, 1PEL0. 3,2X))
TLLIOSTT, HTQSTL
T(C OINITTAL VALUE (KWH):,12X,3(2X,1PE10.3,2X))

WRITE (L 3, 9005) ESTOR,LTQSTO, HTQSTO

9004 FORMAT(T FINAL VALUR (KWH):”,14X,3(2X,1PE10.3,2X))
WRITE (L 3,4706) ESTMIN, LTMIN,HTMIN

9006 FORMAT (7 MLINDAUM VALUL (KWH):”,12X,3(2X, 1PE1C.3,2X))

WRITE(] 3, 5 ESTMAX, LTMAX, HTMAX
9 FORMAT 7 MAXIMUM VALUE (KWH): 7, 12X, 3(2X,IPE10.3,2X))
WRITE(}13 9007 ESL,LTQI,HTQI
90N 7 FORMAT ° TOTAL ENERGY PUT INTO (KWH):”,4X,3(2X,1PE10.3,2X))
WRITH (13,9008 ESO,LTQO,HTQO
G008 FORMAT ° TOTAL ENERGY TAKEN OUT OF (KWH):’,3(2X,1PE10.3,2X))
WRITEC 13,9009 ESDM, 1IN, ~iTLL
9009 FORMAT ' MAXIMUM | NPUT 13 ;g p (KWIZHR) D0 0X03 (2%, 1PEID.3,2K) )
WRITE( 13,9010 Fsod, LTQOM , HTQUM
9010 FORMAT (7 MAXIMIM OUTPUT INTO PC (KWH/HR):”,3(2X,1PE10.3,2X))
’V*t**t**i**kkﬂ*********ki*******kx*i****k*ﬁi*k*k******ti*kﬂ****
IF (TOTEQ.LT.0.1) GO To 805k
WRITE(13,5001)
S00L FORMAT(/ /47X, "ENGINE VALLIES )
WRITE(D3, 8000
2002 FORMAT (38X, “LUAD 10X, “TOTAL  BX, “MAXINMUM/

3TN, TFACTORA T 7X, "OUTPUT* 75, TOUTPUT* )
WRITE (13,8003 FNGLET, TOTTEO, TENGH
%003 FORMAL(T TOPPING ENGINE:,17¥,3(2X, 1PELD. 3, 2K))
WRITE(13,8004) ENGLEB,TOTBEO,BENGM
2004 FORMAT (" BOTTOMING ENGINE: ", 15X, 3(2X, IPL10.3,2X))
WRITE(13,8005) ENGLF,TOTEO, ENGM
8005 FORMAT(® TOTAL ENCINES: ,18X,3(2X,1PE10.3,2X))
WRITE(L3,8006)

OUTTAB.PB-PNC /UGFOB 2 08 / 17/ 78 L4 &4 5l

3142,
31L3.
3144-
3145.
3146,
3147.
3148.
3149.
3150,
3151.
352
3153.
3154,
3155.
3156.
3157,
3158.
3159.
3160.
3161.
3162.
3163.
3164.
3165.
3166.
3167.
3168.
3169.
3170.
3171.
3172.
3173.
3174.
3175.
317 .
3177.
3178.
3179.
3180.

8006 FORMAT ( * #*NOTE :  LOAD FACTOR 13 AStDR ON
', NOT ON DES TGN MAXI IMiM . °
KKK RKAE AR
TkkRKKRKK K"
8056 WRITE (13, 107 1)
1071 FORMAT ( / / 23X, © MAX TMUM SPACE COND IT L
21X, " ELECTRIC* | 7X ° TH, RMAL ', XX
WITE (13, 9011 1QC 1X QC2X, QC 2%, QC1¥, QU 2Y, QClW

AC TUAL MAX 1 MIM *

Kk kK KKRARKKKE KKKRKKKKKE KRKRKKKKKE  Khk*

0N 1 NG LOADS ©

CROTAT )

9011 FORVAT ( * COOLTNG ((KWH) @ ', &X,V(2X 1PFlc. 3,2XV/%
* HEATING (KWH ) @ ‘4%, 3 & 2%, 1PE10.3, 201
Kok kok ko ko k kok kR Rk kK KRk Ak A Rk kKR KRRk Ak kkkkkkkk kK

URAKKRRKKAR

WITE ( 13, 8886) AMQSR , A.. ESK

8886 FORMAT ( / / “ MAXIMIM SOT, AR THERMAL OUT PU
* MAXIM (M SOLAR ELECTRIC QUT PUT

WRITE (13, 3031) EBEM

TORWH) D, 1Rl 0.1

(KwHOY @ ' 1 PEIDLY)

3031 FORMAT ( © MAXIMIM ENG INE BOILER (01" TPUT (KWH ) : * , IPE10.1)
VRITE ( 13, 302(3) EBM
3020 FORMAT (' MAXIMUM NONENG INE BOLER (01' TPUT (kWH): ' , IPEIC. 1)
WRITE (13, 3914) EiM
3914 FORMAT ( ° MAXI MUM HOT WATER FUE L USE (KWH ) @ ' LPE10.3)
WAITFE (13, 8862) FHET , SHET , STHET
88 b.? FORVAT ( * F(3S SIL HEA 1 PUT INTO ENG INF ( KWH ) : ', [ PE10.3/ *.

* SOLAR HEAT PUT INTO L-. NG (KwH): * , 1 PE1DN. 3 %

' STORAGE HEAT PUT INTo ! NGINE ( KWH ) : ' , 1Pt 10.3 )
VRITE ( 13, 1086) EKMAX, -EKM N
1086  FORMAT ( ‘ MAXIMUM ELECTRICI I'Y BOUGHT IN AN HOUR (KWH ) : * 1 Pt 10.

/¢ MAXIMUM FLEC TRICITY SOLD IN AN HOUR (KWH) : * , IPE10 3

WRITE ( 13, 1020) BOLMAX
1020 FORMAT ( * MAXIMUM FUEL BOUGHT IN AS HOUR (KWH ) : ., IPE 10. })
IF ( 1GRID . EQ O) TOT $=0
WwTE ( 13, 4091 ) TOIE, IO rs, FUEL
4091 FORMAT ( * TOTAL ELECTRICITY I\ OUGHT ( KWH ) : * , IPE 10. 3/%

' TOTAL ELECTRICITY SOLD ( KWH )
TOTAL FUEL BOUGHT (KWH ) : *
T T e e
IF ( THROUT .NE .1 ) GO TO 4000
5000  WRITE ( 50 ) E, AMQSR, AMESR  4OUT pyT FOR

YK R EEE AR EEA KR AF AR E FRKK KK KA EEEEEEEEE KA KKK
4000 RETURN
END

©IPEN0. 3 2
IPE 10, 3///1 )

Kk kKRR AKKKKK  KAKXKKKK

UT ILITY ,\ NALYS | S

HAKKKKKK KKK KKK KR KKKk

3%
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PB-PNC/UGF002 08/17/78 14:44: 17

* PROCRAM NAME: LQADS. JB
% JOHN C. BELL
% F. NERGY PROGRAM
% OFF ICE OF TECHNOLOGY ASSESSMENT
% COMP | LED
% DATE : 1/27/78

TIME: 17:29:26
% PROGRAM LOADS. JB FOR SETTING UP THE ELECTRIC, THERVAL, AND
i PROCESS LQADS FOR SINGLE FAMILY, TOMHOUSE, CR

LOWN R SE APARTMENT BUI LDINGS; H GH RI SE APARTMENT

A BU LDI NGS; OR, SHOPPI NG CENTERS

SUBROUTINE LOADS(TL,TH,FAN,HEATMX,COOLMX, ISMTH, IHR)
DI MENSI ON ELLOAD (168) ,ELOADL (24) ,ELOAD2(24),WLOAD 1(24) , %
WLOAD2(24) ,HWLOAD( 168) ,E(8760),TAl (8760)
COMMON /XDATA/E , HWLOAD
EQUIVALENCE (ELOAD1( 1),ELLOAD(1)), (ELOAD2(1),ELLOAD(145)), %
(WLOAD1 (1) ,HWLOAD(1)) , (WLOAD2( 1),HWLOAD(145))

% SET Up LOADS FOR HOURLY COWVPUTATI CN

READ(25) TAl,TAl

IF (ISMTH.EQ.1) c0 TO0 601
READ(20) E, ELOADI, ELOAD2,WLOAD] ,WLOAD2
KCT=0

DO 600 1=25, 144

KCT=KCT+1

IF (KCT.EQ.25) KCT=1

HWLOAD (1)=WLOAD1 (KCT)

ELLOAD (T)=ELCADL (KCT)

600 CONTI NUE

GO 10 701

601 READ(20) E,ELLOAD,HWLOAD

701 KCT=0 9ZERO MEANS THE YEAR STARTS ON MONDAY AS THE 168 MAT. DO

TLOAD=0. O

IF (IHR.NE.O) GO TO 602

FANH=FAN*HEATMX

FANC=2. S*FAN*COOLMX

GO TO 702

602 READ(12,*,PROMPT= %
¢ MAXI MM PUMP/FAN LOAD- - HEATI NG, COOLI NG (KW FAN TOTAL QUTPUT):

FANH, FANC

FANHH=-FANH*HEATMX

FANCC=FANC*COOLMX

702 TL1=(459.4+TL)/1.8

TH1=0.0014(459. 4+TH) /1.8

KCT=0

RETURN

% SET UP LOADS FOR EACH HOUR

ENTRY LOADS I (K,EEE,QSH,TA)

TA=TAL(K)

KCT=KCT+1

IF (KCT.GE. 169) KCT=1

iF (IHR.EQ.2) GO TO 444

IF ((TA.GE.TL1).AND. (TA.LE.THI )) GO TO 900

IF ((TA.LT.TL1 ) .AND. (TLOAD+E (K).GT.0)) GO TO 900
IF ((TA.GT.THL ) .AND. (TLOAD+E (K).LT.0)) co T0 900

)

3

LQOADS. PB- PNC/ UGFC02 08/ 17/78 14:44:17

1047.

1048.

1049.
1050.
1051.
1052.

1053.

1054.

1055.

1056.
1057.
1058.
1059.
1060.
1061.
1062.
1063.
1064.
1065.
1066.
1067.

1068.

1069.
1070.
1071.
1072.
1073.

1074.

1075.
1076.

1077.

1078.
1079.
1080.
1081.
1082.
1083.
1084.
1085.
1086.
1087.
1088.
1089.
1090.
1091.
1092.
1093.
1094.
1095.
1096.
1097.

444 TLOAD=TLOAD+E( K)

IF (IHR.NE.2) GO TO 704

KDAY=1+(KCT-1) /24

KHRD=KCT-(KDAY-1 )*24

KDAY=KDAY-7*( (KDAY-1)/7)

IF ((KDAY.LE.6).AND. ((KHRD.LT.8) OR (KHRD.GE.23)).AND. %
(TLOAD.GT.0)) TLOAD=0

I F ((KDAY.EQ. 7) .AND. ( (KHRD. LT.13 .OR.(KHRD.GT. 19)).AND. %
(TLOAD.GT.0)) TLOAD=0

IF (((K.LE.5831).AND. (K.GT. 3625) .AND. ((KHRD-LT.8) .OR. (KHRD.GE.23)) %

<AND. (TLOAD.LT.0) ) TLOAD=0

IF (ABS(TLOAD) .LT.0.0001) GO TO 40

FANH=FANHH TLOAD

FANC=FANCC/TLOAD

704 IF (TLOAD.GT.0) GO TO 20

PCLD=-TLOAD/HEATMX

IF ((PCLD-0.1).LT.0) GO TO 40

EEE=ELLQAD( KCT) +FANH* PCLD

QSH=TLOAD

TLOAD=0.0

GO TO 800

20 PCLD=TLQAD/ CDOLMX

I F ((PCLD-0.1).LT.0) GO TO 40

EEE=ELLQAD( KCT) +FANC* PCLD

QSH=TLOAD

TLOAD=0.0

GO TO 800

900 TLOAD=0

40  EEE=ELLOAD( KCT)

QSH=0

800 RETURN

z

% QUTPUT STATEMENTS

%

ENTRY LOACS2

IF (IHR.EQ.0) WRITE(13,959)

959  FCRVAT( LOADS SET UP FCR SINGLE FAMILY HOUSE )

IF (IHR.EQ.1) WRITE(13,960)

960  FORMAT(® LOADS SET UP FOR HI GH RISE APARTMENT BUI LDI NG )
IF (IHR.EQ.2) WRITE(13,970)

970  FORMAT(® LOADS SET UP FOR SHOPPING CENTER )

IF ((IHR.NE.Q) .AND. (FAN.GT. Q) WRITE(13,961)

961  FORMAT(" CAUTION  FAN LOAD (#27) IS NOT ZEROD)
WRITE(13,971)

971  FCRVAT(® THE M SCELLANEQUS ELECTRIC LOADS AND THE HOT WATER LQADS' )
IF (ISMTH.EQ.0) WRITE(13,972)

972 FORMAT(” ARE NOT SMOOTHED )

IF (ISMTH.EQ.1) WRITE(13,973)

973 FORMAT(” ARE SMOOTHED”)

RETURN

END
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PROGRAM NAME: UPDATE.JB

JOHN ¢, BELL

ENERGY PROGRAM

a. © OFFICE OF TECHNOLOGY ASSESSMENT
TOMPLLED

]

he - DATE: 8/ 4/78

7. % TIME: 17:29:48

8. % PROGRAM UPDATE.JB FOR HANDLING STORAGE INPUT/OUTPUT

9. "

10 %

11.

P2, S 1 ZE=ENERGY STORAGE CAPACI TY

13 CURRNT=AMOUNT OF ENERGY CURRENTLY IN STORAGE

14 % L) ELTA=ENERGY ADDED TO STORAGE (IF POSI Tl VE)

5. I DE LTA=ENERGY REMOVED FROM STORAGE (| F NEGATI VE)

16. A RES 1D= ENERGY WH CH CAN NOT BE STORED (| F NEGATI VE )
17. % RESID=ENERGY WH CH CAN NOT BE PROVI DED FROM STOKAGE
I8 % (IF POSITI VE)

19. % EFFPC 1=ONE~WAY EFFI Ol ENCY OF POWER OONDI TI ONER

20. % OR HEAT EXCHANGER

21 % EFFBT=TWO-WAY BATTERY CR THERMAl STORAGE EFFIC [ENCY
' .y

23 K

% %

25. 3

2000 . S UBROUT [ XE UPDATE (S 17 F . CURRNT » bri7A, KEST D, IFF p( 1, EF FFIT, PCS121)
2001 . I F(SI2E. G (]. ¢1) cotuson

2002 . RES ID=~pELT 1

,1003. CURRNT=( . ¢

2004. RETURN

2005. 800 RES D=0

2006. IF ((CURR E,.AND.(DE LTA , GT .0 ) ) GO IO 700

2007. I'F ( (CURRNI.LE.D.00).AND.(DELTA, LT .0 ) ) GO TO 700

2008. I'F (ABS ( DF 'TA).17T.0.0001) RETURN

UPDATE. PB-PNC/UGF002 08/17/78 14: 49:43

2009. | F (DELTA. LT . 0)GO TO 100

2010. TESTO=DELTA-PCSIZ | /EFFPC 1

2001 . IF(TESTO. GT. 0)G0 TO 50

2012 . TEST 1= EFFPC | #EFFBT*DELTA+CURRNT
201 3. IF ( TEST 1. GT. S 1ZE)GO TO 20

2014, CURRNT =TEST 1

20 15. RETURN

2016. 20 RES ID= (S 1z E-C URRNT -EFFPC 1+EFFBT*DELTA ) / ( EFFPC
2017. CURRNT =S 1ZE

20 18, RETURN

201 9. 50 TEST | = EFFRT*PCSIZ I4+CURRNT
2020. 1F ((TESTZ . 6T . S1 Z E )50 TO20

W21 RESID= ( -1) *TES 10

2022, CURRNT =TEST 2

2023, RETURN

2024 . 100 IF ( ( DELTA+PCSIZ1) . LT .0 )GO TO 150
1025 TEST 3=DF LTA+EFFPC | *CUKRNT

2026. IF (TEST 3. LT .0 )60 T0 120

202 7. CURRNT=DE LTA/EFFPC 1 +CURRNT
2028, RETURN

2029. 120 geg I1D= (=1) *7ESTS

20 30. C URRNT=0

2031, RETURN

1002, 150 TEST4=Cl JRRNT-PCS121 |/ EFFPC 1
2033, IF ( TEST4 . LT . 0)60 10 220

2034, RES D= (DELTA+ PCSIZ 1)

2035. CURRNT=TEST4

2036. RETURN

2037. 220 RES| D=-DELTA-EFFPC 1* CURRNT
2038. CURRNT=0

2039. RETURN

2040. 700  RESID=-DELTA

2041. RETURN

2042. END

EFFB T )

.+ g-1] xipusddy
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1 % PROGRAM NAME: COPT.JB 1002. IF(T. te. Cp(1,1)) GuToll2

2. % JOHN C. BELL 1003. DOl41=1, 25

3 % ENERGY PROGRAM 1004 IF(CP( 1, 1) .LT.-99. ) GO TO!l}

4. L OF FICE 0F 'L EC HNOLOGY ASS ES SMENT 1005. 1X=1

5. % OQwPI LED 1006. IF((T. GE.CP( 1, 1)) . ANDL(T. LT. ¢P( 1,1+1) )) fololll
6. % DATE : L21LQ77 1007. 14 CONT INUE

7. % TIME: 14: 10 24 1008. 111 EFF=C P(2,T)+(CP(2, T+l )-L P(2,1) ) %
8. % PROGRAM CO PT. J B FOR OFT ERM IN ING THE COP ( EFF ) FOR A 1009. FAT-CP (L, 1))/ (CP(L I+l)=CP(L 1))
9. 4 GTI VEN TEMPERATURE ( T ') FROM TH F COPCLRVE ( CP ( 2,25) ) 1010. RETURN

10. % 101 i 112 EFF=CcP(2, | )

11. 4 1012. RETURN

12. % 1) 1B 113 EFF=CP( 2, LX)

13. % 1014. RETURN

1000. SUBRQUTI NE COPT (T ,C¢ ,EFF ) 1015. END

1001. DI MENS 10N CP ( 2, 25)
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~ T s

< =

1.
[1.
12.
1000.
1001.
1002,
1003.
1014
10ay .
1006 .
1m?.
1008.
1009.
1010.
1011.
1012,
1013.
1014.
2000.
2001.
2002.
2003.
2004.
2005 .
2006 .
2007 .
2008.
2009 .
010,
011
012,
2013.
2014,
2019,
b,
010,
2008,
2019.

e

PROGRAM NAME: HESYS. 8

JOHN C. BELL

% ENERCY PROGRAM

% OFFICE OF TECHNOLOGY ASSESSMENT
' COMPLLED

DATE: 12/19/77

“ TIME: 12:58:24
% PROGRAM HESYS.JB FOR RUNNING HFEAT ENGINE SYSTEMS WITH
P ELECTRIC BACKUP

51 UBROUT T B SYS TEM (K, QSH)
D IMENS ToN E (8760 ) , uwioap [ 168)
IM PL TC LT REAL (L)

COMHON /AXXX/COPA | EHWEFF , HCO PM, CCOPM , EFFB, ENGMAX , EF F 1, EFF), ALPHA 1 %

ALPHAZ , HTQSTM , LTHTS , WTATS, | TQSTM, | TLTS, WTLTS, HHIH, %
FHWEEY , HLLTH, FFFBE, ES TORM , t FFRAT, PC S 1Z, EFF PC, HEA IMX

COOLMX , FAN, TL, 1 H, XXX, NHTQ, 8170, IGRJ 1), 1SOLAK, IA | SMTH, ¥

| HR, IOFFPK
COMMON /L XX copad, co [Ir E, tRM, EBE:

1° FR, FFFEX, T , B NGM, ENGM, 1

LSk, ESTUR, ErFF, FRHW, FHFT, FUEL, H . OHTQ, HTQL, Hrgo, 2

HTQSO,HTQSTO,LTAL,1TQO, LTQSO, L1GSTO,0A,QC,QC 1, QC 2, %
0c2 1, 0EQp.Qs,QSRRES [ DY, SHET,STHtT,TO ITEO , TOTBEO , %
TOTED, HLHTL, HLLTL, EF P (1T, EFFST, [ PRINT

COMMON XDAT A / E, HWI0AD

DAL ATPR[ %1, 2/

Q1 =0

QC2=0

1QC2=1

QHOUR=OF |

I F (U paa.rr. 0,001 ) co 1o 32

QHOUR= (; P4jC / COPAA

32 CALL ¢ PDATR (L QST , LTQSTO , -QHOUK, RESIDQ, EFFEX ,EFFLOT, LTQSTM)

QP =adax 1 (0, gp- ((j HOtR-RE S T DY)

IF ( QP 1.Lh. Q001 ) QC=QC-COPAA* (QHOUR-RES IDQ-QP )

QP=QP |

TF(USH. GT. 0) QC22=QSH-QC

IF ( WSH. LE .0 ) QC2z=-QSH-QC

TR KKK Rkkkhkk KKkAKKKKARKAK KRXAKIARRKhI KRXARKKAN KK ARKAKKAAAKK & %
SHAKRKRKKKKKRRRRKKKRRAR®  KRRRKKKKRRRRRIKKRRRR KKK E KAKKRRA R KKK

Thxk% % QEAT ENG INE SECT 1ON-- VERY COMPI ICATE D ! 1 !

KAKKK KA KKK KKK KKK KKK K KK KR Ak kg Ikhkhhhkdh *k KA AAIKXKRARKK

Tk okkx
Kkkk KKK KKKAE  KRKKAKKKIK  KAKKKIKK  KKKAAKKKK  KAKKRAKKK  KAKKKRKAE &

SOL E=QSR+H 1QSTO

H rgsTo=0

IF(SOL 1 . 6T . Qr) GO TO2 000
1 QP=QP-S0L E

S0L £=0

Gl =qC

IF (QSH . 6T .0 ) QC2=QSH-QC

I F(gSH | LE .0 ) QC2=-QSH-QC

E{) uT=0

190

E "EFE+QP /EHWEFF

@®=0

GO TO 900

2000 IF (COPAA. GT .0.01 ) GO T(3 2100
Oc 1 =4

CO PAj= 1.0

HESYS. PB-PNC/UGF002 08/ 1 7/78 14: 43: 37

2033.
2034.
2035.
203b .
2037.
2038.
2039.
2040.
2041.
2042.
2043.
2044,
2045.
2046.
2047.
2048.
2049.
2050.
2051.
2052.
2053.
2054,
2055.
2056.
2057.
2058.
2059.
2060.
2061.
2062.
2063.
2064.
2065.
2066.
2067.
2068.
2069.
2070.
2071.
2072.
2073,
2074.
207S .
2076.
2077.
2078.
2079.
2080.
2081.
2082.
2083.
2084.
2085.
2086.
2087.
2088.
2089.
2090.
2091.
2092.

IRAKK X RA KR AARKRTARRARKHAAA KK KAAKKE A A XRAHKRKARAKKHARRRKAKKKR Kk
z# C &~ THE BOTTOM ING CYCLE BE ON ALL T H r WAY

ZEEKE  KRKKKARKHKAKERKKKKALLRH R KXKHK KRR H KRR R AR AR AR AR A

2201 |F(QP . GT . SOLE*EFF [ *ALPHA.! ) GO To 2001
BETAV= 1

GAMMA= 1

GO IO 2050

% **** CcAN THF BOTTOM NG CYCLE BE ON FART WAY?
2001 IF ( Q. GI. SOLE* EFF | * (ALPHA I4ALPHA 2) ) GO [0 2 002
BETAV=1

GAMMA= ( SOLE *EFF 1* ( ALPHAI+ALPHA2 ) -Qb ) / ( SO LEXEFF | RALPHA 1)

@O TO 2050

ZEEKE  KRAKKRKKKAKKRK K KKK RH R AXKIK KRR H KRR AR R AR R AR A A

ZA%k k% BOTTOMING CYCLE OFF !

e T
2002 BETAV= ( SO LE-QP )/ ( SOLE* ( I ~EFF1* (ALPHA | +ALPHAZ) ) )
GAMMA=0

O k%%  KAKKKXKKKKKKKXKKKKKKKRHHK  KXKKK AKX RH KRR R AR AR AR AR A

Lk%kkk%x CHECK FORENGINE CLIPP ING

TZEEEE  KRHKKAKAXK KK KKK KKK KKAE KKK K KKK KRR KKK RI AR AAE Xk

2050 IF ( BETAV*SOLE*EFF1 .GT . ENGMAX) GO To 2090
Y

O K**  KEKKAXAKKKKKK XA KKK R AR R KK Kk KKKKKKRRKKKKK AR RKR KR KKKk

z***** coMpUTE ELECTRIC AND LT THERVAL OUPUTS

O k%% KAKKKXKKKKKKKXKKKKKKKLRHHK  KXKKK  KAXAF KRR R A KRR AR R A A

2051 EQUT=BETAV*SOLE *EFF 1* ( [+GAMMA*EFF2*ALPRA 1)

ZEEEE KX AKKKKKKXRKKAAKRR KRR KHKKK KAKKARR R KRR R KRR AR

9§ **** cypck |F ALL ELECTRI O TY CAN BE USED

B S T
XLAX=AMIN 1 ( PC STZ/EFFPC | ( ESTORM-ESTCR ) / EEFF )

| F (EOUT. GT. EEE+QC1 [ COPE E+XLAX) GO TO 2095

ghgk FEA KRR KR K KRR KRREERR KRR KRR RRREE KRRERORRRR kAR ARk

% **** cYCLE AND Go To NEXT HOUR

Ghagg FRRRE RRRRRREE AAORRRRA ARy

GO TO 900

gagk FERE FXE KKK KEERE RXEEREE K KKK KKE KEERKRRKERRERRE KK KKAKKE KEAE
z***** FIX ENGINFE cLIPPING CONDI TI ON-- HAVE TO CHECK

o **** WHETHER REVI S| ON AFFECTS MEETI NG THE THERVAL LOAD

KhKK KKK KKk KKk Kk KKKk KKAAKKKK

Z*** Kk *kk khkk FeX¥ KRk K anen wann Ak AT e st ke e *hk K
2090 I F (QP. GT. ALPHA2*ENGMAX) co To 2091

BETAV= 1

GAWA= 1

GO TO 2058

2091 | F (QP. GT. ENGMAX* (ALPHA 1+ALPHA2) ) GO TO 2094

BETAV= 1

GAWMA= ( En GMAX* (ALPHA 14ALPHAZ ) -QP) / (ALPHA 1 *F NGMAX)

GO TO 2058

2094  GAMMA=0

BE TAV=ENGMAX/ ( ENGMAX* ( 1-EFF 1 * (ALPHA 14ALPHA2 ) ) +EFF 1 +Qp )

2058  CALL UPDATE (HTQSTM, HTQSTO, SOLE-ENGMAX/(EFF 1* BETAV), %
RES 1DQ , EFFEX, EFFST , HTQSTM)

CALL UPDATE (LTQSTM, LTQSTO, -RESIDQ, RESID, EFFEX, EFFLOT, LTQSTM)

RESID9=RES ID9-RESID

SOL E=ENGMAX/ (EFF 1 *BETAV )

GO TO 2051

Zﬂ***tt*t*‘k**x*ik**liﬁ*i*tt***ﬂ**t*****&****k’(****ik**!******

zxxxx Flx overproduction OF gELECTRICITY TF HT FNERGY

9g**** CAN BE STORED, |F HT STORAGE FULL, (i) BACK AND

y**xxx SELL THE AVAILABLE EL ECTRICITY TO THF GRID

. g1 xipusddy
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2093, Ik Kk Kk KkAKRAKIKRAKKRARK KXRKKKAK KXRAKRKKRR KKK AKX Xk KXKKXAXARKK K%k & 2153, 2404 GCAMMA =0
2094. 2095  IF (HTQSTO.CE.HTQSTM*D.99) GO TO 900 2154, BETAV= (SOLE-QP) / ( SOLE* ( L-EFF 1 * (ALPHA I+ALPHA2 ))
2095. EOUT=EFE+QC/COPEE+XLAX 2155, QC2=0
2096. IF (QP.GT.ALPHA2*EOUT/ (14ALPHAI*EFF2)) GO TO 2098 2156, QCl=qC
2097. CAM¥A= 1 2151. 2450 | F (BETAV*SOLE*EFF 1. GT . ENGMAX) GO TO 405
2098. BETA\' = | 2158. 2451 EQUT=BETAV*SOLE* EFF 1 * ( 1+GAMMA*ALPHA |*EFF2 )
2099, GO TO 2113 2159, XLAX=AMINL (Pcs 1Z/EFFPC, ( ESTORM-ESTOR ) /EEFF)
2100. 2098 | F( QP. GT. ( ALPEA | +AL PHA2 *EOUT ) GO Tu 2099 2160. IF ( EQUT . GT . EEE4+XLAX+QC 1 /COPEE ) GO TO 2410
2101, L, AMMA= ( EOUT* ( ALPHA | +AL PHA2 ) 0P ) (ALPHA 1 * (EOUTHE FF2*QP ) 2161. GO TO 900
5100, 4eTav= 1 2162, B
2193, COTO 2113 2163. 9% **** p1x ENG NE CLIPP ING CONDITION--HAVE O CHECK
2104, 2099 GAMMA=0 2164, o **** WHETHER REvI SI ON AFFECTS MEETING THE THERMAL LOAD
1o, BELAY <CorT | ( EFF 1 xpegotTe (1 ~FFF 1+ ( ALPHA 1+ALPAZ ) ) ) 2165. ZKKRE KRRRKKKRAKRRAK GRARKKKRAKRR  KAAKKKAEKKRRK KRR EKKKAE KRR KKK
2106. 2113 CALL 1 PDAT | ¢ HTQSTM,. HTOSTO, SO LE. -EOUT/ % 2166. 2405 IF ( EliGELAX LT . EEE+(QC-AMAX! ( (ALPHA 1+ALPHA2 ) XENGMAX-QP ,0) %
2107, ( BE TAVXEFF | * (1 +GAMMA®ALPHA 1 *EFF2) ) R ESIDQ, EFFEX, EFFST , HTQSTA) 2167. *Co PAA)Y /COPEE ) e T0 2705
2108, SULE=E0" T/ (BET AvEFFL1* (1K M A tPHA1*EFF?) ) -RES 1q 2168. Q@ 1=0
2109. I F(R SIpQ. LT.N GO TO 2201 2169. QC2=QC
210, GO TO 900 2170. | F (QP+QC/COPAA. GT .ALPHA2*ENGMAX) GO TO 2406
ST Lg RERREE KRKERKRRK  RERRKRRKE KRKKA RKRRRERRE KARKKAKKAKKRRE KARRERE 2171, BETAV= 1
2112, zxkkxk CHEC K WHETH £R THE TH £RMAL S PACE COXD T r LOX ING Un GAMMA=1
213, , UTE 1] THE MOST EF F IC T ENT 2173, @ TO 2458
- e 2174, 2406 IF (QPHQC/COPAA. CT . ENGWAX (ALPHA 1+ALPHA2 ) ) GO TO 240 7
15. 1100 IF (COPAA. LT . EFF 1 * ( COPE i+ (ALPHA 14+ALPHA2 ) *COPAA) ) GO To 2101 2175, BETAV= 1
16. | F(SOLE LT. QP+QC/COPAA) GOT02Y[) 1 2176. GAMMA= (ENGMAX* (ALPHA 1+ALPHA2 ) -QP-QC /COPAA) / (ALPHAL *ENGMAX)
17. QP=QP+C /Lo PAA 2177. QO TO 2458
18. 0C 1 =0 2178 2407 IF (QP. GT. ENGMAX* (ALPHA 1+ALPHA2 ) ) co TO 2408
15. 2179. BETAV= |
20. c 2180. GAMMA=0
2120, 0C=0 2181. QC 1=QC COPAA* ( ENGMAX*(ALPHA 1+ALPHA2 ) ~QP)
212, GoTO 2201 2182. QC2=qCc-qc 1
2123, 2901  SOLF =SOLE-QP 2183. GO TO 2458
2124, opP=0 2184, 2408  GAMMA=0
2125 (IC=, 1C-SULE *COPAA 2185. BETAV=ENGMAX/ (ENGMAX* ( 1 -EFF1* (ALPHA 1+ALPHA2 ) ) EFFL1*QP)
2126. SOl r.o 2186. QC2=0
2127 GO TO 2 202 2187. QC 1=qC
128, R T T T T T T T 2188, 2458 CALL UPDATE (HTQSTM , HTQSTO , SOLE-ENGMAX/ BETAVAEFF ) . 7
2129, max *** ooy ["K WHET} | gg THE BOT TOMI NG CYCLE 1§ MORE & FF L 1ENT 2189. RESIDQ, EFFEX, EFFST , HTQSTM )
2130. u **EXXOTRAN THE TH ERMAL ROUTE--I F THE BOTTOM ING CYCLE L S 2190. CALL UPDATE (LTQSTM, LTQSTO , -RESIDQ, RESID, EFFEX, EFFLOT, LTQSTM)
2131. THREEX MOR E EFFICTENT-- | . B EFF2%CO PEE >C0 PAA>0~—GO TO 2191. RESID9=RESID9-RESID
2132, ; ****% g [ATEMENT 2501 ; OTHERWI S E STAY HERE . 2192. SOLE= ENGMAX/ (BETA VXEFF1 )
21133, foRER KX (xoT 10 L\ AS SUMED | N THESE SW | TCHES 2193, @O TO 2451
S xxx o+ % Tl | FED CEFF 1 2102 N L Ty
2135, Pk FRE R g PEREREGEUENERE RERAE KKCKOKEKEKERER EXERERE KErErEak 2195, 9% **** FIX QVERPRODUCTION OF ELECTRIQTY 1§ HT pneRrcY
2136, 2101 IF (G0 PAALLT . EFF2*CO Pr £ 1 GO TO 2501 2196. Ygxx** CAN BE STORED ; |F HT STORAGE FUL L, GO Back awp
1137, QC1=0 . QC 1 IS 'S PACECOND I [ JONINGLOADMETFLECTRICALLY 2197. z***** gprl, THE AVAI LABLE ELECTR IC ITY TO THE GRID
138, 2QC:QC2 1S S PAC £ COKD IT 10X 1 NG LO An MET THERVALLY 2198, I T T D
2139. I F ((J P4QC /COPAA . GT . SULE* EF ¥ 1 *ALPHA? ) 6o Tu 2402 2199. 2410 | F (HTQSTO. GE. HTQSTM*0 . 99) GO TO 900
2140, SETAV= 1 2200. QC 1=0
2141, CAMdA= 1 2201. QC2=QC
2142, Go T 2450 2202. EOUT=EEE+XLAX
2143, 25{02 IF( 0P+C/ GO PAA L 6T, SOLE*F FF 1% ( ALPHA 1 +ALPHAZ)) GO To 2403 2203. TF (QP4QC/COPAA, GT . ALPHA2XEQUT / ( |+ ALPHAYEFF 2) ) GO TO 2416
2144, BETAV= 1 2204. BETAV= 1
2145, GA' CL\= (SO LEAEFF 1 * (ALPHA | #ALPHA 2 ) -Q P-Qp /COPAA ) [ ( SOLE *I'FF 1 * ALPHA ) 2205. GAMA= 1
2146, Cor TO 24 50 2206. Q0 TO 2468
2147, 2403 LF(QP. GT.SOI F* EFF1* ( ALPHA I 4AL PHAZ) ) 0@ 02404 2207 2416 |F (QP+QC /COPAA. GT . EOUT* (ALPHA 1+ALPHA2 ) ) GO TO 2417
2148, BT LU=1 2208. BETAV= 1
2149, 2209. GAMMA= ( EOUT* (ALPHA | +ALPHA2 ) -QP-QC /COPAA ) / (ALPHA 1 * %
150 op 2210. (EOUT+EFF2* (QP+QC/COPAA) ) )
2151, 2211. 2417  EOUT=EEE+XLAX+Q C/COPEE
2152.

2212, I1F ( QP+ Gr. EOUT* (ALPHA | +ALPHA2 ) ) GO To2418
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BETAV= 1
GAMMA=0
EQUT= (COPEE* (EEE+XLAX ) @ C+QP*COPAA)/ X
(COPEE+COPAA* (ALPHA 1 +ALPHAZ ) )
QC 1=QC-COPAA*(EOUT*(ALPHA1+ALPHA2) -QP)
QC2=QC-QC}
GO TO 2468
2418 GaMMA=O
BETA V= EOUT/ ( EQUT*(l -FFF | * (ALPHA | +ALPRA2 ) ) +EFF1 *(P )
QC2=0
QC 1 =0C
2468  CALL UPDATE (HTQSTM,HTQSTO, SOLE-EOUT/ %
(BETAVXEFF1*( ] +GAMMAXALPHA1*EFF2 )),RESIDQ, EFFEX,EFFST,HTQSTM)
SOLE=EOUT/ (BETAV*EFF1*( 14GAMMAXALPHA1*EFF2))-RES1IDQ
I'F (RESIpPQ.LT.0) CO TO 2101
QO 1o 900
TRRKRKR R A AR KRR ARKRRRKRKKARKARRRARRAKARRRAAKRRKRARARARRRHK KA A&
TrIIAKK A kAR RRRRKKARRRAKRRRRKRRRARRRRRARRARRRRRR KK KRR KRR KRRk
98**** REACH THIS SECTION WKEN EFF2*COPEE>COPAA>0
THARKKR AR XRARKRRARRRRKARRARRRKARRRRRA KRR ARRKKAKAKRAAARRRARK K k&
Z*****Q*ﬁtt*ﬂtiitt*ti***ikk**kti*ﬁik*tk**ﬁt*ﬁ**i**tﬁ****ik*xt
2501 QC1=0
QC2=QC
I F (QP4QC/COPAA.GT.SOLE*EFF1*ALPHA2 ) GOTO 2502
BETAV=1
GAMMA=)
GO To 550
2502 IF (QP.GT.SOLE*EFFI1*ALPHA2 ) o 1O 2503
BETAV=1}
GAMMA= |
QC1=QC~COPAA* (SOLEXEFF1*ALPHA2-QP)
QC2=QC~qC!
GO TO 2550
2503 IF (QF.GT.SOLEXEFF1* (ALPHA1+ALPHA2 )) GO To 2504
BETAV=]
GAMVA=  (SOLE*EFF1*(ALPRA1+ALPHA2)-QP) / (SOLE*EFFL1*ALPHAL)
QCl=qc
QC2=0
GO TO 2550
2504 GAMMA=0
BETAV= (SOLE-QP)/ (SOLE* (1-EFF1* (ALPHAL+ALPHA2) ))
QCcl=qC
QC2=0
2550 | F (BETAV*SOLE*EFF1 .GT.ENGMAX) GO TO 2590
2551 EQUT=BETAVXEFF1*SOLE* (1 +GAMMA*ALPHA1*EFF2)
XLAX=AMIN1 (PCSIZ/EFFPC, (ESTORM~ESTOR) /EEFF)
| F (EOUT.GT.EEE+XLAX+QC1/COPEE ) GO TO 2595
Go TG 900
z*tk!ﬁ*t***kiﬁk!kX**ak*tt*ktx*t*tti*iitkﬁwitktﬁi*iﬁki*iﬁ**i**
xxxxkx F| X ENG NE CLI PPING CONDI TI ON-- HAVE TO CHECK
zxxxx% \WWHETHER REVISTON AFFECTS MEETING THE THERVAL LQAD
Z**k*k*ﬂk**i********tkﬂ**ﬁ**t*ﬁ**k*!**ﬂ***ikk**ii***i*tﬁig*g*
2590 | F (ENGMAX.LT. EEE+(QC~AMAX] ( (ALPHA1+ALPHA2)*ENGMAX-QP, O %
*COPAA) /COPEE) GO TG 2705
QCl1=0
QC2=Q¢
IF (QPHQC/COPAA.GT.ALPHAZ*ENGMAX) GO TO 2591
BETAV=1
GAMMA=1
GO TO 2558
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2273.
2274,
2275,
2276.
2271.
2278.
2279.
2280.
2281,
2282.
2283.
2284.
2285.
2286.
2287.
2288.
2289.
2290.
2291.
2292.
2293.
2294.
2295.
2296.
2297.
2298.
2299.
2300.
2301.
2302.
2303.
2304.
2305.
2306.
2307.
2308.
2309.
2310.
2311.
2312.
2313.
2314.
2315.
2316.
2317.
2318.
2319.
2320.
2321.
2322.
2323.
2324.
2325.
2326.
2327.
2328.
2329.
2330.
2331.
2332.

2501  IF (QP-GT.ALPHAZ*ENGMAX) GO TO 2592
BETAV=1

GAMVA- 1

QC1=QC-COPAA* (ALPHA2*ENGMAX-QP)

QC2=QC-QCL

GO TO 2558

2592 | F (QP.GT. ENGMAX* (ALPHAI+ALPHAZ) ) GO TO 2593
BETAV=1

GAMMA~ (ENGMAX* (ALPHA1+ALPHA2 ) ~QP ) / (ALPHA 1 *ENGMAX)
QCl=QC

QC2=0

GO TO 2558

2593  GAMMA=0
BETAV~ENGMAX/(ENGMAX* ([-EFF1* (ALPHAI+ALPHAZ ) )+EFF1*QP)
QCl=QC
QC2=0
2558 CALL UPDATE (HTQSTM,HTQSTO, SOLE-ENGMAX/(BETAV*EFFL ), %
RESIDQ,EFFEX, EFFST,HTQSTM)
CALL UPDATE(LTQSTM,LTQSTO, -RESIDQ,RESID,EFFEX,EFFLOT, LTQSTM)
RESID9=RESIDY-RESID
SOLE- ENGVAX/ (BETAV*EFF1 )
QO TO 2551
z*ﬁ**kﬁk***t**ik*k**ﬁ*ktﬁixiﬁk***ﬁ**i*ﬁit#*!t**ﬂtﬂ**ﬁ***k*kﬂt
z***** FIXQVERPRODUCTION OF ELECTRICITY I|F HT ENERCY
O **** can BE STOReD, |F HT STORAGE FULL, GO BACK AND
Fxxkxkk SELL THE AVAILABLE ELECTRICITY TO THE GRID
Z**i*tﬂ*lﬁ*tx**tﬁ*********i*!ﬁ*wilktkktttﬁ*******kt*******ﬁ*i
2595 | F (HTQSTO.GE.HTQSTM*0.99 ) Go To 900
EOUT=EEE+XLAX
QC1=0
QC2=QC
| F (QP+QC/COPAA.GT.ALPHA2*EOUT/ (1+ALPHAL*EFF2)) GO TO 2596
BETAV=1
GAMMA=1
GO TO 2600
2596 EOUT=EEE+XLAX+QC/COPEE
| F (QP.GT.ALPHA2*EOUT/ ( I4+ALPHAL*EFF2) ) GO To 2597
BETAV=1
GAMMA=1
EOUT=(COPEE* (EEE+XLAX)+QC+QP*COPAA) | %
(COPEE+(COPAA*ALPHA2) /( 1+ALPHAL*EFF2 ))
QC1=QC-COPAA* (ALPHA2*EOUT/ ( lI+ALPHAL*EFF2)-QP)
QC2=QC-QC!
GO TO 2600
2597 IF (QP.GT.EOUT* (ALPHAL+ALPHA2) ) GO TO 2598
BETAV=]
GAMMA=(EQUT* (ALPHA 1 +ALPHA2)-QP) / (ALPHAL* (EOUT+EFF2*QP) )
QC1=QC
QC2=0
GO TO 2600
2598 GAMA- O
BETAV=EOUT/ (EOUT*(1-EFF1* (ALPHAI+ALPHA2) )+EFF1*QP)
QC1=QC
QC2=0
2600 CALL UPDATE (HTQSTM,HTQSTO, SOLE~EOUT/ %
(BETAV*EFF1* (1+GAMMA*ALPHA1*EFF2) ) ,RESIDQ,EFFEX,EFFST,HTQST™)
SOLE=EQUT/ (BETAV*EFFI *  (1+GAMMA*ALPHA1*EFF2 ))-RESIDQ
IF (RESIDQ.LT.0) co 7o 2501
GO TO 900
zﬂt**iﬁktﬁtiiii*ikt*ixﬂtkiitkttt*kai**ti**xkkﬁ&k*ktk*t**ik**i

Ll + g1l xipuaddy
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2333, yxx o o* USETHERMALENERGY TO MEET  PACECOND I [TONTXG

Sk*R L OAD———THISISNOT TH }, MOSTFF F IC IENT ROUTE BUT MUS T

z***** B |; sg, DAS|_ PIG INE S| 7ZF PREVE X [ S THI(J PTIMALROUTE FROM
2336. Zr*x* % BE | NG TAKEN !
2337, XERKHRKKAKKRKIAKE AKKAKKAKKAKKRKI AR AKKRKKRKKRKKRKKRRIR  KHRE AR
2338. 2705 GAMMA=0
2319 . 0C 1 =AMAXL ( EN GMAX-EEE, 0) *COP EE
2 340. e 2= Qe-qC 1
2341, SOLEU=ENGMAX* ( 1/ EFF 1- (ALPHA 1 +ALPHA 1) ) +QP+QC 2 /{. OPAA
23412 1F( SOLEU. GE. SOLE) €0 TO 2710
2343, BETAV=LNGMAX/ ( EFF 1* SOLEU )
2344. CALL UPDATE (HTQSTM , HTQSTO , SOLE-SOLEU, RES IDQ EKFFEX , EFFST , HTQS M)
2345, CALL U PDATE ( LTQST | LTQSTO , -RFS | DQ, RES| D, EFFEX, EFFLOT, LTQSTH)
Mk, RESTDY=RES 1DY-RES 1D
2347. SOLE=SOLEU
2348, GO [0 2551
2349. 2710 BETAV=ENGMAX/ ( SOL E*EFF 1)
2350. QC2= ( ( 1-B ETAV) *SO LE-QP+ (AL PHA 14ALPHAY ) ¥ENGMAX ) *COPAA
2351, QC 1= QC-qC2
. 2352. QO TO 2551
2353, T KRR KRKKKKKKKK KRRRRRRREE KHKKKIIIIIKE  KRRRRRRRRR  KKKKKKKKKE  KKKR
2354, % FT SD MAXIMUMENG TNE CON D 1T ION S AND ST ORAGE MAXIMI™ S
2355. R R R L T I e T L
2356. 900  QUUT=SOLE* ( ( 1 -B ETAV) +BF IAVAEF F 1 * (ALPHAZ+ALPHAL* ( 1 -GAMMA ) ) )
2357. CALL UPDATE ( ESTORM , ESTOR , EUUT-EEE-QC1/COPEE, RES| DL, EFFPC, I

HESYS .

2358.
2359.
2360.
2361 .
2362,
2363.
2364.
2365.
2366.
2367.
2368.
2369.
2370.
2371.
2372.
2373.
2374,
2375,
2376 .
2377
2378.
2379.
2380.
2381.
2382.
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EFFBAT , PCS I/! )
IF (COPAA. LT .0.1 ) COPAA= 1.0

CALL UPDATE ( LTQSTM, LTQSTO , QOUT-QP-T0C 2¢(0(" 2/co P, RESIDG, EF FE>: , 1

EFFLOT , LTQST™ )

RES ID9=RE S IDY-RES | DQ
t (K) =RES IDE
EY=GAMMA*ALPHA 1+EF F2
OUT/ (EFFL* ((14EY) )

INGM=AMAX 1 (TEKGM, EZ*EFF 1)
BENGM=AMAX 1 (BENGM , EYXEZXEFF 1)
ENGM=AMAX1 (| ENGM, EOUT )
TOTTEO=TOTTEQ+EZ *EFF 1
TOTB EO=TOTBEO+EY*EZ* EFF 1
TOTEO=TOTEO+EQUT
HTQ=HTQSTO-HTQSO
SHE=AMIN 1 (EZ , Q8R)
HTQ=0
IF (HTQ. LT. O) I{ TQ9=-uTQ
STHE=AMIN 1 (EZ~SHE ,HTQ9 )
FHET=0
SHET=SHET+SHL
STHET=STHET+STHE
68113 CONTI NUE
RETURN
END

spasN A8louy s,Aepoy 01 ASojouyda iejOS - 8/
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RO

[N

1.

1000,
1001,
1002.
1003.
1004.
1005.
1006.
1007.
1008,
1009,
1010,
1011.
LoL2.
10173,
1014,
2000,
2001.
2002,
2003.

2009.
2010,
2011.
2012,
2013.
2014,
20
2016,
2017,
2018,
2019,
2020.
2621

5.

T PROGRAM N

HFSYS. OB

QFFICE OF

L COMPILED
DATE: 12/19/7
TiMo: 12: 4
% PROGRAM HFSY

VOLOGY ASSESSMENT

.JB FOR RUNNING HEAT ENGINE SYSTEMS WITH
i FUEL BACKUP

SUBROUTTNE SYSTEM(K,QSH)

DIMENSTON E(8760),HWLOAD(168)

IMPLICTT REAL(L)

COMMON/ AXXX/COPA, EHWEFF , HCOPM, CCOPM, EFFB, ENGMAX, EFF L, EFF
ALPHA2,HTQSTM, LTHT3,HTHTS,LTQST™, LTLTS,
FHWEFF,HLLTH, EFFBE, ESTORM, EFFBAT, PCSTZ  EFFPC, HEATM
COULMX, FAN, TL, TH, XXX, NHTQ,NL.TQ, IGRID, ISOLAR, TA, ISMTH,
LHR, TOFFPK

COMMON/CXXX/COPAA, COPEF, EBM, EBEM, EEE, EFFEX, TENGY, BENGM, ENGM, %
ESR,ESTOR, EEFF, FFHW, FHET, FUEL, HTSSTM, HTQ, HTQL, HIQO, %
HTQSO,HTQSTO, LTQL, LTQO, LTQSO, LTQSTO, 0A,QC,QCL,QC2,
0022, 08, QP, 08, 0SR,RES1DY, SHET, STHET, TOTTEO, TOTBEQ,

' ALPHAL, &

TOTEO, HLETL, HLLTL, EFFLOT, EFFST, TPRINT
COMMON Y/ XDATAYE, HWLOAD
DATA IPwriNT/ .
QCl=0
QC2=0
1QCl=1
QHOUR=Qy
IF (COPAALLE.Q.D0L) GO To 32
QHOUR=QP +QC /COPAA
iz CALL UPDATE(LTQSTM,LTQSTO -QHOUR, RE S IDQ, EFFEX, EFFLOT, LTQSTM)
QP L=AMAX1 (0, 0P~ (QHOUR-RESIDQ))
FOLUPLLLELD.001) QC=QU~COPAA* QHOUR-RES TDQ-QP)
o=

ISH.GT.0) QC2Z=Q8H-QC
I¥ {OSH,LE.0) 0C2Z=—-QSH~QC
ARERA A ARk RARRAR KRR AR A KK AAARKARRAAARARAKARKARAKK KRKKA KK KA R Aok ok kok
KA KKKk gk hkhk kR AkAA AR AAKKARKARKARRKAA KKK A KA KARKKAKKK AR R * k%
*Ekxx % UEAT ENG | NE SECT I0ON==~VERY COMPL ICA I'tED !

I N AR Y

Kk kKKK KKK KKK FRKKKK KKK KKK KK KKKKKKKKKK

W oKEEE

KAKKKKKKKKKRRRAAE KRR KKRR® KKKk k  KkKIKKAAKX k%
Kook kkhk %% .

H,051
I F (COPAA. ', . OuD 1) GO TO 9829

ILEL=EFE+QC/LOPEE

0l =0t

Ne2=0

1001 =6

o =0

CoPI/- 1.0

9R29 XLAX=AMIN | (PCS 1Z /EFFPC, (E STORM-ES TOR ) /EEFF )
XOUT =AMIN 1 (PCS IZ/EFFPC , ESTORXEFFPC )

EX=AMIN 1 (EEE/ ( EFF 1 * ( 14ALPHA 1 *EFF2) ) , QPH)C/COPAA)
IF ( SOLE. CT . EK) GO TO 2197

I EK-SOL E) | EFEB

IF( [“OPEL. L1 .0.01 Yo To2 149

HF SYS .

2033.
2034.
2035.
2036.
2037.
2038.
2039.
2040.
2041,
2042.
2043.
2044.
2045.
2046.
2047 .
2048.
2049.
2050.
2051.
2052.
2053.
2054 .
2055.
2056.
2057.
2058.
2059.
2060.
2061.
2062.
2063.
2064.
2065.
2066.
2067.
2068.
2069.
2070.
2071.
2072.
2073.
207& .
2075.
2076.
2077.
2078.
2079.
2080.
2081.
2082.
2083.
2084.
2085.
2086.
2087.
2088.
2089.
2090.
2091.
2092.
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ZEEEE XK IKKAKEXKHRAKKLXRH KKK AK  KHKKK KKK RA KA R AR AR AR K

“gFFEE CHECK WHETHER THE THERMAL SPACF CON U Tr TON ING

yhxxk * ROUT £ 1 S THE M08 T EFF IC IENT

Y T T
| F(cOPAA. Lr . FFF 1% (COPEE+ ( ALPHA I+ALPHA 2) *COPAA ) ) GO TO 2401
QHOUR=QP+QC /COPAA

| F( QHOUR . GT . ALPHA2*EFF | *SOLE) GO Tu21 () 1

BETAV= 1

GAMMA= 1

GO TO 2109

2101 1F ( QHOUR . GT . SOLE*EFF 1 * (ALPHA | $4LPHA 201 Go TO 2102
BETAV= 1

GAMA= ( SOT. EXEFF 1* (ALPHA 1+ALPHA2 ) -QHOUR) / ( SOLE*EFF 1 *ALPHA 1)
GO TO 2109

2102 GAMMA=0

BETAV= ( SOLE-QHOUR ) / ( SOLE* (1 -EFF 1 * (ALPHA 14ALPHA? ) ) )

2109 I F (BETAVXSOLEXEFF 1. CGT. ENGMAX ) 60 70 7090

9109 EOUT=BETAVXSOLE *EFF 1¢ ( 1 +GAMMAXALPHA | *EFF2)

IF ( EQUT . GT . EEE+XLAX ) GO TO 2120

IF ( EQUT . LT . EEE-XOUT ) GO TO 2130

GO TO 900

ZEKRE KAAKKRAKKKRAKKKAAKKRREKHREE KRR KRRAE KRR KRR R RAE KRR AE
Z***** F1X ENGINE CLIPP ING CONDITION--HAVE TO CHECK
Z*k**% WHETHER REVIS ION AFFECTS MEETING THE THERMAL LOAD

ZEEEE  REKKKKAXRKKKKKRRRKRKKRRR IR KKK H KAAKARR R KRR R KRR AR

7090 IF (QHOUR. GT . ALPHA 2* ENGMAX) GO TO 5091

GO TO 7058

5091 IF ( QHOQUR  GT. ENGMAX* (ALPHA 1+ALPHA2 ) ) Go TO 7094

BETAV=1

GAMVA= (ENGMAX* (ALPHA 1+ALPHA2 ) ~QHOUR) / (ALPHA 1* ENGMAX)

GO TO 7058

7094 GAMMA=0

BETAV=ENGMAX/ ( ENGMAX* ( 1 -EFF! * (ALPHA L+ALPHA2 ) )+FFF 1 *QHOUR )

7058 CALL UPDATE ( HTSSTM, HTSSTO , SOLE-ENGMAX/ ( EFF | XBETAV) , %
RESIDQ , EFFEX, EFFST , HTSSTM)

SO LE=ENGMAX/ (EFF1*BETAV)

QO TO 9109

ZEEKE KK XAKKAKKAXRKKKAKRRRKIAAE KAKKE AKX R KKK R KRR AR AR

o **** FIX overproduction of Electricity
ZKRRE  KRRAKKKRAKKKAAKKRAKKRAERR  AKKKR RKRREE KRR KRR REE AR AE
2120 EQUT=EEE+XLAX
IF ( QHOUR . GT . ALPHA2*EOUT / ( 1+ALPHA | *EFF2) ) GO TO 2121
BETAV=I|
GAMA= 1
QO TO 2129
2121 IF ( QHOUR. Gr. EOUT*(ALPHA | +ALPHA2 ) ) G0 T0O 2122
BETAV= 1
GAMMA= (EOUT* (ALPHA l+ALPHA2 )-QHOUR) / (ALPHAl* ( EOUT+EFF2*QHOUR ) )
QO TO 2129
2122 GAMMA=0
BETAV=EQUT/ (EOUT* ( [-EFF [ * (ALPHA 14+ALPHA2 ) )+EFF 1 *QHOUR )
2129  CALL UPDATE (HTQSTM, HTQSTO, SOLE-EOUT/ %
(BETAVAEFF1 *( L+GAMMAXALPHAL *EFF2 ) ) , RES IDQ, EFFEX, rFFsT, HTQST™ )
CALL UPDATE (LTQSTM, LTQSTO, -RFS IDQ, RFs Ip, EFFEX, EFFLOT, [ TQS M)
RESID9=RES ID9-RES | D
GO TO 900

g1l x1pusddy

6£
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2093.
2094.
2095.
2096.

2097.

2098.
2099.
2100.
2101.
2102.
2103.
2104,
2105.
2106.
2107.

2108.
2109.
21 10.
2111,
2112.
2113.

2114.
2115.
2116.
2117.
21 18.
2119.
2120.
2121,
2122.

2123.
2124,
2125.

2126.
2127.

21'28.
2129.
2130.

2131.

2132.
2133.
2134,

2135.

‘2 136.
2137.

2138.

2139.
2040,
2141,

2142,
12143 .
2144,
2145,
2 146 .
2047

2148.

2149.
2150.
2151.

2152.

SAKRRKKIAIKAK KKK A KRK KA A KKK KK RRR KKK KRR R AR KRR KA R AR A K AR A AR Ak k kK
Z****% F1X UNDERPRODUCTION OF Electricity --E-D BACKUP!
zk****t#ﬁ*i******ﬁ*ﬁk****ttkt***ﬁﬁ**t*t**k*****iik*iitﬂ*iii**
2130 EOUT=EEE-XOUT
| F (QHOUR.GT . ALPUA2*EOUT/ (1+ALPHAI*EFF2) ) GO TO 2131
BETAV=1
GAMMA=1
GO TO 2139
2131 IF (QHOUR.GT .EOUT* (ALPHAl+ALPHA2) ) Q0 TO 2132
BETAV=1
GAMMA=(EOUT* (ALPHAL+ALPHA2) ~QHOUR) / (ALPHAL* (EOUT+EFF2*QHOUR ))
GO T(.) 2139
2132 GAMMA=0
BETAV=EOUT/ (EQUT*(1-EFF1* (ALPHA1+ALPHA2) )+EFF1*QHOUR)
2139 CALL UPDATE(HTSSTM,HTSSTO ,SOLE-EQUT/ Z
(BETAV*EFF1*(  1+GAMVA*ALPHAL*EFF2 )),RESIDQ,EFFEX,EFFST,HTSSTM)
E(K)=E(K)+RESIDQ/EFFB
¢0 _TO 900
B .
y*%**%* CHECK WHETHER THE BOTTOM NG CYCLE |'S MORE EFFI O ENT
z#*x%% THAN THE THERMAL ROUTE--IF THE BoTTOMING CYCLE 1s
Gk*x** MORE EFFICIENT--1.E. EFF2*COPEE>COPAA>0--GO TO
g**kx% STATEMENT 25015 OTHERWISE STAY HERE.
Z**E* (NOTE: 1T KS ASSUMED I N THESE SW TCHES
ak%xkkk THAT EFF2<EFF1)
A .
2401 | F (COPAA.LT. EFF2*COPEE) GO TO 2501
QCl=0 2 QCl I'S SPACE CONDITIONING LOAD MET ELECTRI CALLY
QC2=QC @ QC2 1S SPACE CONDI TIONING LOAD MET THERMALLY
I F (QP+QC/COPAA.GT.SOLE*EFFL*ALPHA2 ) GO TO 2402
BETAV=1
GAMMA=1
GO TO 2450
2402 |F (QP+QC/COPAA.GT.SOLEXEFF1* (ALPRAL+ALPHA2)) GO TO 2403
BETAV=1
GAMMA= (SOLEXEFF1 *(ALPHA1+ALPHA2) - QP- QC/ COPAA) /( SOLE*EFFI *ALPHAl )
GO TO 2450
2403  |F (QP.GT.SOLE*EFF1*(ALPHAI+ALPHA2) ) GO TO 2404
BETAV=1
GAMMA=0
QC1=QC-COPAA* (SOLE*EFF 1* (ALPHAI+ALPHA2)-QP)
QC2=QC-QC1
GO TO 2850
2404  GAMMA=0
BETAV=(SOLE- QP) /(SOLE* (1-EFFl1*(ALPHAI+ALPHA2 )))
Q2=0
QCl=QC
2450 | F (BETAV*SOLE*EFFl .GT.ENGMAX) GO TO 7405
9450  EOUT=BETAVASOLEXEFF 1*( 1+GAMMA*ALPHAL*EFF2)
| F (EOUT.GT .EEE+XLAX+QC 1/COPEE) GO TO 2410
IF (EOUT. LT. EEE+QC1/COPEE-XOUT ) G0 To 2420
GO TO 900
ZERAKKKRKKE KA RKRAKARRRAR KA RRRR AR AR RAA AR KA AR AR AR AR AR KRR AR KK
Z***** FIx ENGINE CLIPPING CONDI TI ON-- HAVE TO CHECK

z***** \WHETHER REVI SI ON AFFECTS MEETING THE THERVAL LOAD
LHKIKIIKIKKIKAKKRARARKRR AR RKAR KRR AKRARRARRARRR AR RRK AKX RARR KA

7405  QCl=0

QL2=QC

I F (QP+QC/COPAA.GT.ALPHA2*ENGMAX) Go To 7406
BETAV=1

HFSYS.PB-PNC/UGF002 08/17/78 14:42:52

2153.
2154,
2155.
2156.
2157.
2158.
2159.
2160.
2161.
2162.
2163.
2164.
2165.
2166.
2167.
2168.
2169.
2170.
2171,
2172.
2173.
2174.
2175.
2176.
2177.
2178.
2179.
2180.
2181.
2182.
2183.
2184.
2185.
2186.
2187.
2188.
2189.
2190.
2191.
2192.
2193.
2194,
2195.
2196.
2197.
2198.
2199.
2200.
2201.
2202.
2203.
2204.
2205.
2206.
2207.
2208.
2209.
2210.
2211.
2212.

GAMVA- 1
Go TO 7458
7406 | F (QP4+QC/COPAA.GT.ENGMAX* (ALPHA1+ALPHAZ) ) GO TQ 7407
BETAV=1
GAMMA= (ENGMAX* (ALPHA 1+ALPHA2)-QP~QC/COPAA) / ( ALPHAl * ENGVAX)
GO TO 7458
7407 | F (QP.GT.ENGMAX*(ALPHAI+ALPHA2 )) GO To 7408
BETAV=]
GAMVA- O
QC1=QC-COPAA* (ENGMAX* (ALPHA1+ALPHA2)-QP)
QC2=QC-QC1
GO TO 7458
7408  GAMVA-O
BETAV=ENGMAX/(ENGMAX* ( 1- EFF1*( ALPHA1+ALPHA2) )- EFF1*QP)
QC2=0
QC1=QC
7458  CALL UPDATE( HTSSTM HTSSTO, SCLE- ENGMAX/ BETAV*EFF1), %
RESIDQ,EFFEX,EFFST,HTSST™)
SOLE=ENGVAX/ ( BETAV*EFFI )
GO TO 9450
ARAKARKRIRRRKRA KRR KA R RAAR KA AR KA ARRRRRRARRAR AR ARRRK ARk Rk kokk ok
Ixkkkkpyy Overproduction of ELECTRIATY
IRKRRARI IR ARR AR AR ARRAAR KA AR RAARAKRARRA RN R R AR ARRAA AR KA KRR KKK
2410  EOUT=EEE+XLAX
QCl1=0
QC2=QC
IF (QP+QC/COPAA.GT.ALPHA2*EOQUT/ (1+ALPHAI*EFF2)) G0 TO 2416
BETAV=1
GAMMA=1
GO TO 2468
2416 | F (QP+QC COPAA. GT. EQUT* (ALPHA1+ALPHA2)) GO TO 2417
BETAV=
GAMVA=( EQUT* ( ALPHAL+ALPHA2 )-QP-QC/COPAA) /(ALPHAL* %
(EOUT+EFF 2% (QP4+QC/COPAA) ))
GO TO 2468
2417  EOUT=EEE+XLAX+QC/COPEE
IF (QP. GT. EoUT* (ALPHAL+ALPHA2) ) GO TO 2418
BETAV=1
GAMVA- O
EQUT=( OOPEE* ( EEE+XLAX) +QC+QP* COPAA) | %
(COPEE+COPAA* (ALPHAI+ALPHA2) )
QC1=QC- COPAA* ( EQUT* ( ALPHAL+ALPHA2) - QP)
QC2=QC-QC1
GO TO 2468
2418 GAMMA=0
BETAV=EQUT/ (EQUT*(l-EFFI* (ALPHA1+ALPHA2) )+EFF1*QP)
QC2=0
QC1=QC
2468  CALL UPDATE(HTQSTM,HTQSTO, SOLE-EOUT/ %
(BETAVAEFF1* (1+GAMMA*ALPHA 1 *EFF2 )),RESIDQ, EFFEX, EFFST, HTQSTM)
CALL UPDATE (LTQSTM LTQSTO, - RESIDQ RESI D, EFFEX, EFFLOT, LTQSTM
RESID9=RESID9Y-RESID
GO TO 900
z**t***ﬁﬁ*t**xtt**int**xt*ttﬁii*it’iikiitt**i**x***t*****i*tt
zxxkxx F| X UNDERPRODUCTION OF ELECTRICI TY--NEED BACKUP!
Zﬁ*iﬁ*tt****k**k**tkﬂkkt*t**l**ti*tkiﬂ*itt***t***ttti!ﬁi*iiit
2420  EOUT=EEE-XOUT
Qcl=0
QC2=QC
| F (QP+QC/COPAA.GT.ALPHA2*EQUT/ ( 1+ALPHAL*EFF2)) GO TO 2426

spooN ABisu3 s,Aepo) 01 ASojouyd9] iejoS e 08
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SRR

R )

2
2
2
2
2
2
2
2
2
)

[N I R

BETAV= 1
GAMA= 1
GO *To 2478
24 26 [F (Q P+QC/COPAA .GT. EOUT*(ALPHA [+ALPHAZ) ) GO TO 2427
BET Av= |
GAMMA=(EOUT* (AL PHAL+ALPHA 2)-Q P-QC/COPAA) /| (ALPHAL1* %
( EOUT+EFF2 * ( QP+C /COPAA ) ) )
GO TO 2478
2427 F. OUT= EEE-XOUT+QC /COPEE
IF (QP. (, T. FOUT*(ALPHA 1+ALPHA2)) GO To 2428
BETAV= 1
GAMMA=0
F. OUT=(COPEE *( EF E-XOUT)+QC4+QP*COPAA )/ %
(Cop EE+COPAA* (ALPHAI+ALPHA2 ) )
QC 1 =4C~COPAA* ( EOUT* ( ALPHA 1+ALPHA2 ) -QP)
Q2= ~q¢ 1
QO TO 2478
2428 GAMMA=0
BET AV=EQUT / ( ear* ( 1 -EFF | * (ALPHA 1+ALPHA2 ) ) +EFF 1 *(P )
oc? =0
o1 =@
2678 CALL UPDATE(HTSSTM, HTSSTO, SOLE-EOUT/ %
(BETAV*EFF1* (1+GAMMA*ALPHA1*EFF2) ),RESIDQ, EFFEX, EFFST,HTSSTM)
E(K)=E (K)+RESIDQ/EFFB

GO TO 900
LKA AR RRIRRRARRIARRARREKRRARRARRRKRARRARRKR AR KR AR KA RRRAARRARR AR

ZRIRER KA AR RAARIRRRARRRARAR R KA RARKEAKX AR A TARE A AR AR A AKX A KA
% **** REACH TH' S SECTION WHEN EFF2*COPEE>COPAA>0

LRIKRK R AKKKKRKKKKKKKKKARKKARKKR KRR KA ARRKRK KA KRR AR RKKAKA RS AAAAA KK
LRRKRE A KK RAKRKKRRAKAARRRRR KR KKK AKR AR RKRKRRARARRARR KR KK RRR A KK

2501 QCL=0

QQ2=QC

IF (QP*QC/COPAA.GT. SOLE*EFF 1*ALPHA2) GO TO 2502
BETAV=]

GAMMA= |

G TO 2550

2502 IF (QP.GT. SOLE*EFF1*ALPHA2) GO TO 2503
BETAV=

GAMMA= |

QC1=QC -COPAA* (SOLE*EFF | *XALPHA2-QP)

QC2=QC -yC1

@ TO 550

2503 I F (QP.GT.SOLE*EFF 1 *(ALPHAL+ALPHA2) ) GO TO 250
BETAV=]

GAMMA= (SOLE*EFF1* (ALPHA14+ALPHA2 }~QP)/ (SOLE*EFF1*ALPHA )
QCl=qe

QC2=0

GO TO 2550

2504  GAMMA=0
BETAV=~(SOLE-QP) /(SOLE* (l-EFF1*(ALPHAI+ALPHA2) ))

QC 1=

QC2=0

2550 | F (BETAV*SOLE*EFF] .GT.ENGMAX) GO TO 7590

9550 EOUT=BETAV* EFFI * SOLE* ( | +GAMMA*ALPHA 1 *EFF2)

I F (EOUT.GT.EEE+XLAX+QC1/COPEE) GO TO 2595

| F (EOUT. LT. EEE+QC1/COPEE-XOUT ) Go To 2590

GO TO 900
2***ik**ﬁ*i*iﬁt*t*t**kt*!xkk**t**ikt*tﬁ!iﬂk*t***ﬁ**it*itikti*
Z*kxkk  FIX ENGINECLIPPING CONDITION--HAVE TOCHECK
%**%*xk WHETHERREVISTONAFFECTS MEETING THE THERMAL LOAD
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(e R
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S
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I R N N N R R N N N AR
PO RS 1O N K Nt P :

:*k**t*k*i*ﬁ***ﬁki**k**tﬁii*ﬂ***tk!x*t*iﬂkﬁ*kk*k*kt***t*ﬁiiﬁ*

7580 QCl=0

QC2=qC

IF (QP+QC/COPAA.GT.ALPHA2XENGMAX ) GU TO 7561

BETAV=1

GAMMA =]

GO T 7558

7591 IF (QP.GT.ALPHA2*ENGMAX) GO TO 7597

BETAV=1]

GAMMA=1

QC1=QC-COPAA* (ALPHA2*ENGMAX-QP)

QC2=QC-QC!

GO TO 7558

7597 | F (QP.GT. ENGMAX* (ALPHA [4+ALPHA2)) GO TO 7593

BETAV=1

GAMMA=(ENGMAX* (ALPHA1+ALPHA2 Y-QP)/ (ALPHA L *ENGMAX)

QC1=QC

QC2=0

GO TO 7558

7593 GAMMA=0

BETAV=ENGMAX/ (ENGMAX* ({~EFF1*(ALPHA 1+ALPHA? Y)+EFFL1*QP)

QC1=qC

QC2=0

7558 CALL UPDATF (HTSSTM,HTSSTO ,SOLE-ENGMAX/ (BETAV*EFFL1 ), %
RESIDQ, EFFEX,EFFST,HTSSTM)

SOLE=ENGMAX/ (BETAV*EFF] )

GO ro 9550

TARKK R AR KK AR KRR IR RARAKAAKRKARRRAKARRRRKKAR KRR ARA KRR AKX KRR AR K

Zx*xxxp1x OQVERPRODUCTION OF ELECTRICITY

Z *kkkkk *kkkkk *%

R AR kAR ERERRR AR

2595  EOUT=EEE+XLAX
QCl=0
QC2=QC
I F (QP+QC/COPAA.GT.ALPHA2*EOUT/ (1+ALPHAL*EFF2 ) GO TO 2596
BETAV=1
GAMMA=1
GO TO 2600
2596  EOUT=EEE+XLAX+Q( /COPEE
| F (QP.GT.ALPHA2*EOUT/ ( 1+ALPHAL*EFF2)) GO TO 2597
BETAV=1
GAMMA=1
EOUT=(COPEE* (EEE+XLAX)+QCHQP*COPAA )/
(COPEE+({COPAA*ALPHA2)/ (1 +ALPHAL*EFF2) )
QC1=QC-COPAA* (ALPHA2*EOUT/ ( L+ALPHA1*EFF2)-QP)
QC2=QC-QC1
GO TO 2600
2597 1F (QP.GT.EOUT*(ALPHA1+ALPHA2 )) GO TO 2598
BETAV=I
GAMMA=( EQUT* (ALPHAL+ALPHA2) - QP)  /(ALPHA1* (EOUT+EFF2*QP) )
QCl=QC
QC2=0
QO TO 2600
2598 GAMMA=0
BETAV=EOQUT/ (EOUT* (1-EFF [ * (ALPHA [+ALPHA2 ) )+EFF 1*QP)
QCl=QC
QC2=0
2600  CALL UPDATE(HTQSTM, HTQSTO, SOLE-EOUT/ %
(BETAVXEFF 1 % ( [4GAMMAXALPHA | *EFF2) ) ,RESIDQ, EFFEX, EFFST, HTQSTM)
CALL UPDATE(LTQST'M LTQSTO, -RESIDQ,RESID, EFFEX,EFFLOT, LTQST™)
RESID9=RESID9-RESID

8 e g-/|] xipusaddy
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2333,
L2334,
.7 3%,
. 2336.
2337.
2338.
1439,
2340.
1344,
1342,
1343
23h4
1365 .
1346 .
2347.
2348 -
2 349.
2350.
2351.
1357 .
75 3.
2354.
2355.
2356 .
2357 .
2358.
2359.
2360 .
2361.
2362,
2363.
2364.
2369.
134,
2367,
2368.
2369.
2370.
2371.
23 72.

G0 TO 900
7;*k**x*ﬂxktt**k**k*ﬂ*****ii******xk*t*****k*t*****tt*t*n*tkt*
vhkkkk FLY UNDERP RODUCTLION OF ELEC TRLC I T} --NEED BACKUP!

R T N T T L L T T
2590 FOUT=E . E=XOUL T

qc =0

0C 2=QC

I F ( QP+QC/COPAA . ©T . ALPHAZAECI D' (1 +ALPHA 1 *EF F2) ) GO TO 2696

BET AV= 1
GAMA= 1

cu TO 2601
2696 EQUT=FE
1 F(QP. GT. ALPHA 2* EOUT [ (1 +AL PHA 1 *EFF 2) ) 0 70 2697

BETA'= 1
GAMMA= 1
EOUT = ( COPEE® ( F FF ~XOUT ) +QU+QP *C 0 pAa |
( LOPE E+{COPAA*ALPHA2 ) / (1 +ALPHA 1*EFF 2) )
0C 1=0C—CO PAAX ( A, PHA 2* FOU'L/ (| +ALPHA ! *EFF2 ) -QP
Qe 2 =QC-0¢ |
GO TO 2601
2697 LF(QP. G 1. EOUT* (ALPHA 1 +ALPHA 2) ) GO IO 2698
BETAV= |
GAMMA= ( EOUT* ( ALPEA L4ALPHAZ ) -QP ) | (ALPHA 1 * ( EOUT4EFF2*QP ) )

GO TO 2601
2698  GAMMA=0
BETAV=EQUT/ ( EOUT* ( -EFF 1 * ( ALPHA L+ALPHAZ ) ) +EFF *QP)
Ul =qc
QC2=0
2601 CALL U PDATE (HTSSTM, HTSSTO, SO LE-EOUT /

( BETA VXEFF | * ( 1 +CAMMA®ALPHA 1 *EFF2) ) , RES [DQ, EFFEX, EFFST, HTSSTM)
E(K) =t (X )+RESIDQ/ FFFB
GO TO 900

D R I e

% FIND MAXIMUM ENG IN E CONDIT ION S AND STORAGE MAXIMUMS
Fakamkakn FIRXRVRRRE KXXERARXAE KARATXRRRE AEEXREAIS AEEARANIRR A
900 SOL E= EQUT [ ( BETAV* EFF 1 * ( 1 +CAMMAXALPHA 1 *EF £2) )

QULT=SCLE ( (1 -B ETA\' )+ BETA VAEFF i* ( ALPHA ZHALPHA | * ( 1-CAYMA ) ) )

IF( COPEE. LT 0.1) COPE=l.0
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IR

Wl W W W W

[N

CALL UPDATE ( ESTORM , ES IOR, EQOUT-EEE-IQC 1 *QC 1 /COPEE , %
RES IDE, EFFPC, EFFBAT, PCS IZ)
IF ( COPAA. LT .0.1) COPAA=]1.0
CALL UPDATE ( LTQSTM, LTQSTO , QOUT~QP-QC 2/ COPAA, RES IDQ, %
EFFEX , EFFLOT , LTQST)
RES [DY=RES LDY-RES 1DQ
EY=GAMMAXALPHA | #EFF )
EZ=EOUT/ (EFELF (1 4LY) )
TENGM=AMAXL (T ENGM, B2 *EFF | )
BENGM=AMAX!| ( BENGM , EYXEZXEFF 1)
M=AMAX 1 ( ENGYM, EOUT )
TOT [EO=TOTTEO+LZ*EFF 1
TOTB EO=TOTB EO+EY*EZ *EFF 1
*TOT EO=TOTEQ+EOUT
EBM=AMAX] ( EBM, E(K ) *EFFB-LZ )
CALL  PDATE ( HTQSTM , HTQSTO , HTSSTO, RES 1py, EFFEX, EFFST, HIQSTM )
CALL U PDATE ( L QST , LIQSTO, -RES [Dg, Ri. i 0, E¥F EX, EFFLOT , LTQSTM )
RES ID9=RES IN9-RES | D
HTSSTO=0
HTQ=HTQSTO-HTQSO
FHE=AMIN 1 (E (K) *EFFB , EZ )
EBEM=AMAX| (EBEM, FHE )
SHE=AMIN 1 (EZ-FHE , Q8R)
HTQ=0
IF (HTQ. LT . O HIQ9=-HTQ
STHE=AMIN] (EZ-FHE-SHE , HTQ9 )
FHET=FHET+FHE
SHET=SHET+SHE
STHET=STHET+STHE
IF (E (K . LE. . LE~9) GO TO 6813
DELTA=QP 1-AMAX1 (O LTQSO-LTQSTO ) -AMAX (Q -HT(Q)
IF (DELTA. LE .0 ) GO TO 6814
FFHW=DELTA/ FHVWEFF
6814 IF( EFFBFE(K) . LT. EZ) GQOTO68 2
E (K)=E (K)+EZ* ( 1 /EFFBE-1 /EFFB )
GO TO 6811
6812  E (K) =E (K ) *EFFB/EFFBE
6811  FULL= FUEL+E (K)
6813 CONTI NUE
RETURN
END

spaaN ABisug s,Aepoj 01 A30j0UYD3] 4B[OS « 78
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B RN

2.
1000.
1001.
1002.
1003.
Lo04.
1005,
1006,
1007.
1008.
1009 .
1010.
0L
1012.
1013.
1014,
2000.

“ P ROGRAM NAME : HWSYS . JB
1 JOHN € . BELL
% ENERGY PROGRAM
4 OFF It E OF TECHNOLOGY ASSES SME NT
“, COMPT LED
DATE : 12/ 19/77
TIME: 12:59:7
% PROGRAM HWSYS . JB FOR RUNN T NG SOLAR HOT WATER SYST
AND CONVENT IONAT SYSTEMS WTH }I. ECTR ¢ BAC
% OR ELEC [R IC AND FosSIL FUE 1 BAC KUP

“
SUBROUTINE SYSTEM(K,QSH)
DIMENSTON E(8760),HWLOAD(168)
IMPLICIT REAL(L)

COMMON/AXXX /COPA, EHWEF F ,HCOPM, CCOPM, EFFB, ENGMAX, EFF L, EFF2,ALPHAL, %

ALPHA2,HTQSTM, LTHTS, HTHTS , LTQSTM, LTLTS ,HTLTS, HLHTH, %
FHWEFF,HLLTH, EFFBE, ESTORM, EFFBAT, PCSIZ, EFFPC,HEATMX,
COOLMX, FAN, TL, TH, XXX, NHTQ,NLTQ, IGRID, ISOLAR, LA, TSMTH,
THR, TOFFPK

COMMON/CXXX/COPAA, COPEE, EBM, EBEM, £ FFEX
ESR, ESTOR,EEFF, FFHW, FHET FUEL, HTS
HTQSO0,HTQSTO, LTQL, LTQ0, LTOSO, LTQf
QC27,QE,QP,05,QSR, R 9, SHET, ST
TOTEQ, HLHTL, HLLTL, EFFLOT, FFFST, TPRINT

COMMON /XDATA/E, HWLOAD

DATA TPRINT/3/

LRREKKAR KA AKKAA A AR KR A KK CH AL hAXKAKAKAKAKAX AN KA KA AAKH A KA KA R AKX

M, BENGM, ENGM, %
JHTQ,HTOT,HTQO, %
,QC,QC1,QC2, %

YITEO, TOTBEO,

HWSYS . PB-PNC/UGFO02 08/17/78 14:43:57

2001.
2002,

2017

2018.
2019.
2020.

oe =0

CALL UPDATE(LTOSTM,LTQSTO, QSR=-QP,RES1IDQ, EFFEX, EFFLOT, LTQSTM)
QP=AMAXL(RES1DQ,0)

IF (RESTDO.LT.0) RESTNY=RESTIDI-RESIDQ

IF (LGRID.EQ.3) GO To 600
TRAKKKRAKRARAKAAAAAAARKAAA A AR AR AR AA R A XA A A XA R KA X AK K AR K AKAK A A KR AKX
E(X)=EEE+QC/COPEE+QP /EHWEFF

Q1 =00

o0 TO 800
7_*****k****i*k****t*ki***k*********t****k***k*itiﬁ***tk*k*t**t
600 IF (COPEE.GT.0.01) GO TO 650

FEE

P/FHWEFY

FURL=FUELH)C/ (COPAAXEFFB) +FFHW

0C2=0C

GO TO 900
’;*k*k*********i*****************************k*k************k*t
A0 E(K)=EEE+QC/COPER

FFHW=QP/FHWEFF

FUEL=FUEL+FFHW

0C1=0C

0O 900

e AR KKK KKK R KA KKK KA KA K ARA AR KRR AR R AR RRAKRAR AR A KA R R AR AR R AR R Ak kkk
% FIND MAXTMUM ENGINE CONDITIONS AND STORAGE MAXIMIMS
’;*ktxx**tx*k**ﬂ*)\*k***t*tﬁﬁ****x***tt*i*****A*****ﬁt***ﬁk****ﬁ
900 CONTINUE

RETURN

END

£8 - g-11] x1pusddy
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1 % PROGRAY NAME: PVSYS.JB

2. % JOHN C. BELL

3. % ENERGY PROGRAM

4. % OFFI CE OF TECHNOLOGY ASSESSMVENT

5. % OOWPI LED

6. % DATE: 1112/ 78

7. % TIME 13: 6:43

8. % PROGRAM PVSYS.JB FOR RUNNI NG PHOTOVOLTAIC SYSTEMS WTH

9. b4 ELECTRICITY, FOsSIL FUEL, OR BoTH FOR BACKUP

10. Z

11 z

12. x

1000. SUBRQUTI NE SYSTEM(K,QSH)

1001. DI MENSI ON E(8760) ,HWLOAD( 168)

1002. IMPLICOT REAL(L)

1003. COMMOR/AXXX/COPA, EHWEFF,HCOPM, CCOPM, EFFB, ENGMAX,EFF1, EFF2,ALPHAL , %
1004. ALPHA2, HTQST?!, LTHTS, HTHTS, LTQSTM LTLTS, HTLTS, HLHTH,%
1005. FHWEFF ,HLLTH, EFFBE, ESTORM, EFFBAT,PCS1Z, EFFPC, HEATMX, %
1006. COOLMX, FAN, TL, TH, XXX, NHTQ,NLTQ, IGRID, ISOLAR, | A, ISMTH, ¥
1007. IHR, IOFFPK

1008. COMMON /CXXX/COPAA, COPEE, EBM, EBEM, EEE, EFFEX, TENGM, BENGM, ENGM, %
1009. ESR  ESTOR, EEFF, FFHW FHET ,FUEL,HTSST™, HTQ,HTQI ,HTQO, %
1010. HTQSO,HTQSTO,LTQL,LTQ0 ,LTQ8O, LTQSTO QA QC, QC 1,qQC2, %
loll. QC22,QE,QP,QS,QSR,RES1DY, SHET, STHET, TOTTEQ, TOTBEO, *
1012. TOTEQ, HLHTL, HLLTL, EFFLOT,EFFST, |PRINT

1013. COMMON/XDATA/E, HWLOAD

1014. DATA IPRINT/1/

2000. QC1=0

2001. QC2=0

2002. QHOUR=QP

2003. IF (COPAA. LE. O OO1) GO TO 32

2004, QHOUR=QP+QC/ OOPAA

2005. 32 CALL UPDATE(LTQSTM LTQSTQ QSR QGHOUR RESIDQ,EFFEX,EFFLOT,LTQSTM)
2006. | F (RESIDQ.LT.0) RESID9=RESIDY-RESIDQ

2007. XTEMP=AMAX1 (0, QP-(QHOUR-RESIDQ) )

2008. IF (XTEMP.LE.O. Q0L ) QC=AMAXI (0,QC-COPAA*(QHOUR-AMAX] (Q,RESIDQ)-QP) )
2009. QP=XTEMP

2010. IF (QSH.GT.0) QC2Z=QSH~QC

2011. IF (QSK.LE.0Q) QC2Z=-QSH-QC

2012. IEERR K AR RAK KA A K AR R AR KA RR AR AR R AR AR AR AR KRR AR R AR KRR A A AR KR AR R Ak k&
2013. % PHOTOVOLTAIC CALCULATI ONS

2014, Z************t*ﬁ**ﬁ*tt!*k**ki**k&t*ﬁ***t**tix*****t*i****k**i*
2015. ESR=ESR* EFFPC

2016. XTEMP=AM N1  ( ESR, EEE)

2017. ESR=ESR-XTEMP

2018. EEE=EEE-XTEMP

2019. IF (IGRID.EQ.0) GO TO 550

2020. I F (IGRID.EQ.3) GO TO 570

2021. XTEMP=AMIN1 (ESR,QC/COPEE)

2022. ESR=ESR-XTEMP

2023. QC=QC-XTEMP*COPEE

2024. XTEMP=AMIN! (ESR,QP/EHWEFF)

2025. ESR=ESR~XTEMP

2026. QP=QP- EHVEEFF* XTEMP

2027. CALL UPDATE (ESTORM, ESTOR,ESR/ (EFFPC**2)-QC/COPEE-QP/EHWEFF-EEE , %
2028. RESI DE, EFFPC, EFFBAT,PCSIZ )

2029. E(K)=RESIDE

2030. | F (RESIDE.LT.0) E(K)=RESI DE*EFFPC

2031. QC1=qC

2032. Go To 900
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2033.
2034.
2035.
2036.
2037.
2038.
2039.
2040.
2041,
2042,
2043.
2084.
2045.
2046.
2047.
2048.
2049.
2050.
2051.
2052.
2053.
2054.
2055.
2056.
2057.
2058.
2059.
2060.
2061.
2062.
2063.
2064,
2065.
2066.
2067.
2068.
2069.
2070.
2071.
2072.
2073.
2074.
2075.
2076.
2077.
2078.
2079.
2080.
2081.
2082.
2083.
2084.
2085.
2086.
2087.
2088.
2089.
2090.
2091.
2092.

570 1F (COPEE.LT.0.001) GO TO 571

QCL=QC

XTEMP=AMIN1 (QC/COPEE,ESR )

ESR=ESR-XTEMP

QC=QC-COPEE*XTEMP

CALL UPDATE (ESTORM, ESTOR,ESR/ (EFFPC**2)-QC/COPEE-EEE,RESIDE, %
EFFPC, EFFBAT, PCS| Z)

E(K)=RESIDE

| £ (RESIDE.LT.0) E(K)=RESIDE*EFFPC

FFHW=QP/FHWEFF

FUEL=FUEL+FFHW

GO To 900

571  calL UPDATE(ESTORM, ESTOR,ESR/ (EFFPC**2)-EEE,RESIDE, EFFPC,

EFFBAT, PCSIZ)

E(K)=RESIDE

| F (RESIDE.LT.0) E(K)=RESIDE*EFFPC

FFHW=QP /FHWEFF

QA=QC/{(COPAAXEFFB)

FUEL=FL! EL+QA+FFHW

EBM=AMAX1 (EBM, QA*EFFB)

QC2=qC

GO TO 900

550 | F (COPEE.LT.0.001) GO TO 555

QCs=QC

XTEMP=AMIN! (QC/COPEE, ESR)

ESR=ESR- XTEMP

QC=QC-COPEE*XTEMP

CALL UPDATE (ESTORM,ESTOR, ESR/(EFFPC**2)-QC/COPEE-EEE,RESIDE, %
EFFPC, EFFBAT, PCSI Z)

QC1=qcs

I F (RESIDE.LE.O) o 10 559

XTEMP=AMAX! (O RESIDE~QC/COFEE)

| F (XTEMP.LT.0. 0001) QC=RESI DE* COPEE

QC1=QCs-QC

EEE=XTEMP

QO TO 672

555 CALL UPDATE(ESTORM ESTOR ESR/ (EFFPC**2)-EEE,RESIDE, EFFPC, Z

EFFBAT,PCS1Z)

| F (RESIDE.LE.O) GO TO 558

EEE=RESIDE

G0 TO 672

559 Q=0

558  EEE=0

XTEMP=AMIN] (QP, -RESIDE*EHWEFF)

QP=QP-XTEMP

RESI DE=RESI| DE+XTEMP/ EHVEEFF

CALL UPDATE (LTQSTM,LTQSTO, - RESIDE ,RESIDQ, EFFEX,EFFLOT, LTQSTM)

RESI D9=RESI D9- RESI DQ

E(K)=RESIDE

672 FFHW=0

I F (COPAA.GT.0.001) GO TO 673

EEF=EEE+QC/COPEE

COPAA=1

QC1=QCI4+QC

Qc=0

673 1F (ALPHA2*EEE.GE.QC/COPAA+QP) GO TO 6722

| F (COPEE.GT.Q. .1) GO TO 6721

6729  X=QP-ALPHA2*EEE

IF (X.1LT.0) GO TO 6728

FFHW=X/FHWEFF

spaan ABiaug s,Aepo] 03 ABOJOUYID] IB[OS e +§
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2093.
2094.
2095,
2096,
2097-
2098.
2099.
2100.
2101.
2102.
2103.
2104.
2105.
2106.
2107.
2108.
2109.
2110.
2111,
2112,
2113.

QA=FFHW+(QC/COPAA ) /EFFB

GO TO 6727

6728  QA=(QC/COPAA+X)/EFFB
6727 Qs8=0

GO TO 677
6722 QA=0

QS=ALPHA2%EE} -QP-QC /COPAA
6723 QE=FEE/EFF]

QC2=qC

GO ro 6730

6721 TF (EFEL* ( CO PEE+AL PHA2XCOPAA ) . LE . CO PAAXEFFB) GO TO A7 2"
IF ( ALPHA 2% ( +0/ copeE) - LT, qp) 006725

@&=0

QE=(EEE+ (QPH)( /COPAA-ALPHAZ *EEE ) /| (ALPHA 24COPEF/COPAA) ) /EFF 1
Qs=0

QC 1=C 1+COPEEX ( EFF 1 *QE-EEE )

QC2=qc-~qC 1

GO TO 6730

6725  QE= (EEE+QC/COPEE) /EFF1

QA=(QP-ALPHA2* (EEE+QC /COPEE ) ) /FHWEFF

FFHW=QA

PVSYS |

2114,
2115.
2116.
2117.
2118,
2119.
2120.
2121.
2122.
2123,
2124,
2125.
2126.

2127.
2128.
2129.
2130.

2131,
2132,
2133,
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Qs=0

QC 1=QC 14QC

6730  FUEL= FUEL+QA+QE/ EFFBE
CALL UPDATE (LTQSTM, LTQSTO , s, RES IDQ, EFFFX, k¥ FLOT , LTQSTM )
RES I D9=RES I1D9Y-RES IDQ
EZ=QEXEFF 1

TENGM=AMAX] (TENGM | EZ )
ENGM=TENGM

TOTTEO=TOTTEO+EZ
TOTEO=TOTTEQ

EBM=AMAX1 ( EBM (QA-FFHW) XEFFB )
EBEM=AMAXL (EBEM, QE )

Go TO 900

Ak kA ARRRAKRARRKIAARE  FFEEERXIII AKX I KA AARE KRR KKK AR KKK AR AR

z FIND MAXIMUM ENG INE CONDI TION 5 AND STORAGE MAX TMIMS

B D D T T 2
900  CONT INUE

IF ( 10FFPK . EQ .1 ) CALL OFFPKL (K> QP , 0C, QsH, COPEE = EHWEFF )

RETURN

END

Sg - g1 xipuaddy
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% PROGRAM NAME: COLL . JB

% JOHN ¢ . BELL

% ENERGY PROGRAM

% oFF LC E OF TECHNOLOGY ASSESSMENT

% COMP 1 LED

b4 DATE @ 12/ 30/77

A TIME : 1:18:86

% PROGRAM COLL 1. JB FOR RUNNI NG FLAT PLATE COLLECTORS AND
% TWO DI MENSI ONAL  TRACKI NG COLLECTORS W TH

% ELECTRIC AND THERMAL QUTPUT

SUBROUTINE LOLL (I sysD)

DI MENSI ON DAYLEN( 365) , SONOON( 365) ,DECL( 365)

DI XENSLON RADDN (8760) ,RADTH (8760)

DIMENSION EQ(4), A(4) ,B(4)

IMPLICIT REAL(L)

COMMON /B XXX/CRATIO , TRANS , AREAC , LAT , LONG, LONGST, TILT, AZ, XKE BETA 1
CELLEF , ELECAB, FC, ULOSS, COVERN , FR, ALPHA , FLORR ,DENS, CP, %
ABC, ,ABD,APWID,COLEN,FOCLEN, COSPAC,RIMANG,REFLEC,CELLL, %
ALPHAV,YYY(5) ,1SYS, IFLOW, IEW,IYYY(5)

DIMENSION SCEL(37), ISCEL(8)

EQUIVALENCE (SCEL(1),CRAT10) , (ISCEL(1),ISYS)

DATA A,B/-.2E-3,.4197,-.32265E 1,-.903E-1,0. ,~.7351E1,-.93912E1,~. 3661/

PIE2=6.2831853

17V=360/(PLE2)

READ (24) DECL

REWIND 25

READ(25) RADDN,RADDN,RADDN,RADTH

READ(12,*,PROMPT="FILE NUMBER FOR COLLECTOR CCEFFICIENTS: ‘) IF

TF (IF.LE.0) GO TO 1120

REWIND | F

READ(IF) SCEL,ISCEL

1120 READ(12, 99, PROMPT="LIST/CHANGE VARI ABLES AND VALUES: ‘) ITST

99  FORMAT (A4)

IF (ITST.EQ. YES®) GO TO 1123

IF (ITST.EQ. NO07) GO TO 1124

TF (ITST.EQ.”NON") Go TO 1140

Go TO 1120

1123 WRITE(13,900) CRATIO,TRANS,AREAC,LAT ,LONG,LONGST,TILT, Z

AZ ,XKE,BETA,CELLEF, ELECAB,FC,ULOSS,COVERN ,%
FR, ALPHA, FLOAR>DENS ,CP

WRITE(13,001) ISYS,IFLOW

900 E RMAT(® REAL NUMBERS A

"O#',4x, “VALUE’ 4%, DEFINTI ON'/ Z

1 ,1PEL0.3,” :CONCENTRATION RATIC (DIM)"/%

' 2 ’,1PEL0.3," :OPTICAL EFFI CIENCY OR TRANSMISS. (.LE. 1.00) ' /%
'3’ ,1PE10.3, " :COLLECTOR AREA (M**2)’/%
' 4 7 ,1FE10.3, ' :LATITUDE (DEG)’/%

' 5’ ,1PEL10.3,” :LONGITUDE (DEG) /'Z
6’ , 1PE10.3,” :STANDARD LONG TUDE (DEG)’/%
1’ ,LPE103," :COLLECTOR TILT ABOVE HORI ZONTAL (DEG)’/%

8’ , 1PE10.3, ' :COLLECTOR ANGLE WRT SQUTH (DEG)°/%
"9, 1PEI0.3,” :COLLECTOR HEAT REMOVAL FACTOR (KW/(M**2*C))’ /%
‘10 , 1PE10.3, ' :CELL TEMP COEFF (1/DEG CENT) /%
‘11 7,1PE10.3," :CELL EFFIC @ 28C (.LE. 1.00)"/%
‘12 ,1PE10.3, ' :CELL ABSORPTIMITY (.LE.1.00)"/%
*13', IPEY0.3,” :FRAC OF RECEIVER COVERED WTH CELLS (.LE. 1.00)"/%
‘14, 1PE10.3, ' :THERMAL LOSS COEFF (KW/M**2*C)"/%

COLL1.PB-PNC/UGFQQ2 08/17/78 14:46:07

2047.
2048.
2049.
2050.
2051.
2052.
2053.
2054.
2055.
2056.
2057.
2058.
2059.
2060.
2061.
2062.
2063.
2064.
2065.
2066.
2067.
2068.
2069.
2070.
2071.
2072.
2073.
2074.
2075.
2076.
2077.
2078.
2079.
2080.
2081.
2082.
2083.
2084.
2085.
2086.
2087.
2088.
2089.
2090.
2091.
2092.
2093.
2094.
2095.
2096.
2097.
2098.
2099.
2100.
2101.
2102.
2103.
2104.
2105.
2106.

‘ 15", 1PEI0.3,' :NUMBER OF GLASS COVERS (DIM)"/%

16 * ,1PE10.3, " :COLLECTOR HEAT REMOVAL FACTCOR (.LE. 1.00)"/%
‘17", 1PE10.3, ' :ABSORB OF THERMAL- ONLY SURFACES (.LE. 1.00)°/%
‘18 ' ,1PE1I0 3, :FLOW RATE (CM**3/SEC*M**2)° /%

‘19 ‘, 1PE10.3, ' :FLUID DENSITY (GM/CM**3)”/%

‘20 *, 1PE10. 3,” :FLUID SPEC. HEAT (CAL/GM*C)")

901 FORMAT (" | NTEGERS ‘1%

" #7,4X,"VALUE® | 4X, DEFINITION' /%

"1’ ,16,4X, ' :OUTPUT--ELEC(1), ELEC & THERMAL(2), THERMAL(3) "/Z
" 27 ,16,4x,’ :CONST FLOW RATE(l), CONST QUTPUT TEMP(2)°)

1124 READ (12, *,PROMPT="VAR # AND VARIABLE: ‘) 1IV,V
IF (1v.LE.0) GO TO 1125

IF (1V.GT.37) GO TO 1124

SCEL(1V)=V

QO TO 1124

1125 READ( 12, *, PROWT="VAR # AND | VARIABLE: ‘) 1V,I
IF (IV.LE.0) GO TO 1126

IF (IV.GT.8) GO TO 1125

ISCEL(IV)=1

QO TO 1125

1126 READ( 12, *, PROVPT=" FI LE NUMBER TO STORE COLLECTOR COEFF: “) |V
IF (IV.LE.O) GO TO 1140

REWND |V

WRITE(IV) SCEL,ISCEL

%

% COWPUTE RI SETIME AND SETTING TIME OF SUN AND SCLAR ANGLES
%

1140 LAT=LAT/PIEV

TILT=TILT/PIEV

AZ=AZ/PIEV

ISYS1=ISYS

SINLAT=SIN(LAT)

COSLAT=0CS( LAT)

TANLAT=TAN( LAT)

SINTLT=SIN(TILT)

QOSTLT=0CS( TI LT)

SINAZ=SIN(AZ)

COSAZ=COS(AZ)

AREACR=AREAC/CRATIO

XFLASSF=0. 004186* FLOAR* CP* DENS* CRATI 0

ALPHAV=FC*ELECAB+( 1-FC )*ALPHA

DO 50 1=1, 365, 1

DO 2500 J=1,4

EQ(J)=A(J)*COS((PIE2* (J=1)*1)/365.25)+B (J)*SIN ((PLE2*(J-1)*1)/365.25)
2500 CONTI NUE

RISANG=ACOS ((-TANLAT)*TAN(DECL (I)))

DAYLEN( I)=PIEV*RISANG/7 .5

SONOON( 1)=13.5=((EQ( 1)+EQ(2)+EQ(3)+EQ(4)+4* (LONGST-LONG) )/ 60)
50 CONTINUE

| F (IFLOW.NE.1) FR=1

RETURN

z

X HOURLY COVPUTATI ON BEG NS

%

ENTRY COLLO1(X,TFIN,TFOUT,TA,QSR, ESR)

I F (RADTH(K).LE.Q) Go TO 38

I F (RADDN (K)+RADTH(K).LE. 0.0001) GO TO 38

TAIR=TA-273

I=(K-1)/24

J=K-24%(1)
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: 224 QSR=0 .
2107, [=1+] 1132 XNL‘A}'\R:AREAC R* RADTOT *FC*CELLEF* ( 1 -BETA* (I,\ IR4ALPHAVARADTOT /XKE-28 ) )
2108. T0=J-0 .5- S0%00N (| 1+DAYLEN (1) * 2 1151 ‘L SR=XNUMFR/ ( |-CELLEF*KETA *RAD O T/XKE )

2109. FR((m. L. . 0k, (TUL(: T, DAYLES (1)) 1 GOTO 38 1153, JOLLF QR . LE. 0) QSR=0 .

2110, RESanG =ac (1N 0 (-TANT A *Ta e L (1) ) ) 21 54, IF (ESR. LE.0) ESR=0.

L. PR(omrlo. LT .1 >) ol 2155. RETURN

22, RADTOT=T RANS *RADDN ( K) *C RAT 10 2156, 38 (SR=0

2113, TU(rsys. e, 1)l o157, ESR=0

214 GUITo 2158. RETURN

e b1 HRANG= ( SONOON (1) -1) *RI SANG (DAVLEN (T) / 2) ;11;: :

2116, STNDEC= S TSOEC[ (1)) 2160, % OUTPUT STATEMENT S

2117, Los DE( =COS (DECL (| 1) 0oL ,,

2118, COSHRA=COS ( HRANG) 1182 ENTRY COLLO 2

2119. C 1 =S INDEC* ST NLAT 216 3. IF (1 SYS. EQ. | )60 TO17

2120. € 7= COSDECACOSLAT *COSHRA e L F (1 FLON B 2) G To17

2121. COSTH E=C 1 +C 2 o165 17 IF (CRATIO . GT.15) WRITE (13, 450)

2122, IF (COSTHE. LE. O GO TO 38 ) ; fvosl 454 FORMAT (' TWO-AXI S TRACKI NG SYSTEM ' )

2123. COSINC=CI*COSTLT-S INDEC*COS LAT*SINTLT*COSAZ+ B 7167, IF(CRATTO. LT.11) WRITE( 13, 850)

2124. C2XCOSTLT+ S 2168. 450 FORMAT (' FLAT PLATE COLLECTOR )

2125. COSDEC*SINLAT*SINTLT* COSAZ*COSHRA+ E 2 169, IF(IS5. £0.1) WRITE ( 13,451 ) o

2126. CO SDECSINTLT*SINAZ *SIN ( HRANG ) 2170. 451 FoRWAT ( 1X, PASS'TVEE(EEECT?WC;MY O e

2027, C0S INC=AMAX] (0, COSINC) 2 ) IF (15Y5 . EQ.2) VR > 452 ) :

2 2;. RADDTF=AMAX1 ((( ( RADTH (K) -RADDN (K *C OS5 THE) * ( ! #C0STLT) /1) % 1;;; 45(2 mRMATQ(lx,‘COMB INED THERVAL AND ELEC TR1C COLLECTOR )
229, +RADTH ( K) * ( 1 -COSTLT ) / 10,0 ) 2173. IF(ISYS. EQ.3) WRITE ( 13,45)) ‘

2 30. I F(TSYS. EQ 1) G To 22 2174. 453 FORMAT ( 1X, ‘THERMAL-ONLY COLLECTOR * )

2 3L IF ( COVERN .GE .1.5) GO TO 221 N 2175. IF( IFLON EQ.1) WRITE(13, 455) .

203, R\ DTOT=TRANS*RADDN (K)* ( CO SINC* * .25 ) +4RADD | F#(. 89* TRANS 2176. 455 FORVAT ( * CONSTANT FLOW RATE’ )

233, GO TO 22 ) " . 2177. LE(IFLOV. EQ. 2) WRITE( 13,456) i

2%, 221MD TOT=TRANS*RADDN (K)*(COS L NC ** 1 §) +RADD I F¥0. 80* TRANS 2178, 456 FORWAT ( ' OONSTANT QUTPUT TEMPERATURE’ )

2 34, 200 IF" ( IFLONW EQ.1) GO To 225 2179. RETURN

2 35 TTEMP= (T FIN#TFOUT ) | 2 . 2180. %

237, DENOM= 1- ( FCARADTOTACELI | F*BE T |-L' L0SS /XKE 2181, % OUTPUT SUMVARY

2 38, GO 1O 226 2182. 1

2 225 TTEMP=TFIN i ENTRY COLLO3

et DENOM= 1 ~FRAFCABET 1.+ CELLE FARADTOTY ( 1 /¥KES0 . 5/ ROASSF) o CATSLAT P 170

2141, 226 AT EMPO=RADTC @ * ( AL PHAV-FC*CELLEF* ( 1 -BETA* (TTEMP-28) ) ) 2185, AZ= =Az*P 1 EV

2162, QSR=AMAXL ( FR*AR t ACR® (AT EMPO-ULOSS* (TTEMP-TAIR ) ) /DENOM, ?))M 186, T 1 LT=TILTAPLEV . .
2143. TE( (1 FLON. Q20,950 . (Al EMPO-ULO S S* (TFOUT-TAIR ) . LE .0 ) ) QSR=0. 2187. VRITE ( 13. 000) CRAT | TRANS, AREAC, LAT , LONG, LONGST, TILT, %
2144. I F (1SS, 8 .2) an 1032l 2188. AZ, ¥KE, BETA, CELLEF , EL ECAB, FC, WCS S, OOVERN, %
2145, IF (IFLON Fo .20 0 (FLL-TTEMPHQSR/ ( KKEXAREACR ) = 2189, FR., ALPHA, FLOWR , DES, CP

2146. [P (TP HOW B L 10 (< ELL=TFINAOSRY [ 0. 5/XMASS FHL/XKE) /AREACR 2190. WRITE( 13,901) 1SYS, TFLOW

2147, ESR=AREA( , * ¢ *RADTOT*CELLEF* ( |-BETA* (TCELL-28) ) 191, RETURN

2 300

ji‘;ﬁ ?:)zgﬂs)zam | “RADDN (K) *a0S TNG+RADDIF 2192, END

/8 -+ g1/ xipuaddy
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PROGRAM NAME: COLL2.JB
JOHN C. BELL
EN ERGY PROGRAM
OFFI CE OF TECHNOLOGY ASSESSMENT
COWPI LED
DATE: 1/ 4/78
i TIME 23:51:24
% PROGRAM COLL2.JB FOR RUNNING ONE- DI MENSI ONAL TRACKI NG
& CCOLLECTORS wITH THERVAL AND ELECTRIC QUTPUT

e s NN

FERS]

SUBRQUTI NE COLL(ISYS1)

DIMENSION DAYLEN(365), SONOON (365 ),DECL(365)

DIMENSION RADDN(8760),RADTH(8760)

DIMENSTON EQ(4),A(4),B(4)

IMPLICIT REAL(L)

COMMON /BXXX/CRATIO , TRANS,AREAC,LAT,LONG, LONGST, Ul,U2,XKE,BETA, %
CELLEF,ELECAB,FC,ULOSS ,COVERN, FR,ALPHA,FLOWR, DENS ,CP,%
TO,T1,APWID,COLEN ,FOCLEN,COSPAC , Rl MANG REFLEC, CELLL, 2%
ALPHAV,YYY(S) ,1SYS, TFLOW, LEW,IYYY(5)

DIMENSION SCEL(37),ISCEL(8)

Equi val ence (SCEL(1),CRATIO) ,(ISCEL(1),ISYS)

DATA A,B/-.2E-3,.4197,-.32265E 1,-.903E-1,0. ,-. 7351El,-. 93912E1,-.3661 /

PIE2=6.2831853

PLEV=360/(PIE2)

READ(24) DECL

REWIND 25

READ(25) RADDN,RADDN,RADDN,RADTH

READ(12,*,PROMPT=" FILE NUMBER FOR COLLECTOR CCEFFICIENTS: “) IF

IF (IF.LE.O0) GO TO 1120

REWND | F

READ(IF) SCEL,ISCEL

1120 READ(12, 99,PROMPT=" LI ST/ CHANGE VARIABLES AND VALUES: ‘) ITST

99 FORVAT(A4)

IF (ITST.EQ. YES") GO TO 1123

IF (ITST.EQ."NO’) GO TO 1124

IF (ITST.EQ. "NON ) GO TO 1140

QO TO 1120

1123 WRITE(13,900) CRATIO, TRANS,ARFEAC, LAT , LONG LONGST, UL, %

U2,XKE,BETA,CELLEF ,ELECAB,FC »%

ALPHA, FLOWR,DENS,cP, TO,T1,APWID,COLEN, Z

FOCLEN, COSPAC,RIMANG, REFLEC,CELLL
WRITE(13,901) ISYS,IFLOW,IEW

900  FORMAT(" _ REAL NUMBERS_ _ “/z
" #7,4X,°VALUE" ,4x, ' Definition'/z
° 1', 1PE10.3, ' :CONCENTRATION RATIO (DIM)’/%
2 *,1PE1Q 3, :0PTICAL EFFICIENCY CR TRANSM SS. (.LE.1.00)°/%
3', 1PE10.3,’ :COLLECTOR AREA (M**2)°/%
4 “,1PE10.3,’ :LATITUDE (DEG)‘/%
5’ ,1PE10.3,” :LONGITUDE (DEG) '/Z
b’, 1PE10.3, ' :STANDARD LONG TUDE (DEG) '/Z
7', 1PE10.3, ' :U1--THERMAL LOSS COEFF PARAVETER (KW/(M#**2*C) )’ /%
8’ , 1PE10.3," :U2--THERMAL LOSS COEFF pARAMETER (KW/(M**2*C))”/%
9', 1PE1O3,” :CELL HEAT REMOVAL FACTOR (KW/C*M*xx2)°/%
10 *, 1PE10.3, ' :CELL TEMP COEFF (1/DEG CENT)' /%
11’ , 1PE1I03," :CELL EFFIC @ 28C (.LE. 1.00)"/%
12 *, 1PEI10.3, :CELL ABSORPTIVITY (.LE. 1.00)°/%
13 *,1PE1Q 3,’ I FRAC OF CELL AREA COVERED W TH celts (-LE. 1.00)°/%
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2047.
2048.
2049.
2050.

2051.

2052.
2053.
2054.
2055.

2056.
2057.
2058.

2059.
2060.
2061.
2062.
2063.
2064.
2065.
2066.
2067.
2068.
2069.
2070.
2071.
2072.
2073.
2074.
2075.
2076.
2077.
2078.
2079.
2080.
2081.
2082.
2083.
2084.
2085.
2086.
2087.
2088.
2089.
2090.
2091.
2092,
2093.
2094,
2095.
2096.
2097.
2098.
2099.
2100.
2101.
2102.
2103.
2104.
2105.
2106.

17 * ,1PE1Q 3,” :ABSORP OF THERVAL- ONLY SURFACES (.LE.1.00)’/%
18’ | 1PE10. 3, : FLOWRATE (CM**3/SECAMX%7)/ /%
19 *, 1PE10.3," :FLUID DENSITY (GM/CM**3)‘/%
20 ' ,1PE1Q 3," :FLUID SPEC. HeAT (CAL/GM-C)’/%
21 ' |1PEL0.3, :TO - THERVAL COEFF TEMPERATURES (DEG CENT)“/%
“ 22 ', 1PE10.3,’ :T1--THERMAL cOEFF TEMPERATURES (DEG CENT)’/%
23 ',1PE10.3,” :COLLECTOR WIDTH(M)'/%
" 24 ', 1PE10.3, COLLECTOR LENGTH(M) '/ %
25 ' J1PE1Q 3,” :FOCAL LENGTH (H)'/%
26 * ,1PE10.3," :CENTER TO CENTER SPACING OF COLLECTORS(M "/ %
27 * ,1PE10.3,” :RIM ANGLE-- EDGE- FP- CENTER (DEG)‘/%
“ 28 ' ,1PE10.3, ' :OPTICAL ReFLectiviTy (.LE. 1.00)"/%
29 . 1PE10.3,” :CELL LENGTH (M)

901 FORMAT(’ | NTEGERS /%

" #°,4X, "VALUE® , 4x, ‘DEFINITION /%
1 °,16,4X ' :OUTPUT--ELEC(1), ELEC & THERMAL(2), THERMAL(3)’/%
2" 16,4X ' :CONST FLOW RATE(]), CONST QUTPUT TEMP(2) '/%

3’ ,16,4X,” :EAST-VEST AXIS(l), NORTH SOUTH POLAR AxIs(2)')
1124  READ(12,*,PROMPT=" VAR # AND VAR ABLE: ‘) IV,V
IF (IV.LE.0) GO TO 1125
IF (IV.GT.37) GO TO 1124
SCEL(1V)=V
GO TO 1124
1125  READ(12,*,PROMPT='VAR # AND |VARIABLE: ') 1IV,I
IF (IV.LE.0) GO TO 1126
IF (IV.GT.8) &0 70 1125
ISCEL(IV)=1
GO TO 1125
1126  READ(12,*, PROVPT=' FILE NUMBER TO STCRE COLLECTCR COEFF: “) IV
IF (IV.LE.0) GO TO 1140

REWND |V
WRITE(IV) SCEL,ISCEL
z

4 COWPUTE RI SETIME AND SETTING TIME OF SUN AND SOLAR ANGLES
2

1140 ISYS1=ISYS

LAT=LAT/PIEV

RIMANG=RIMANG/PIEV

TANLAT=TAN( LAT)

SINRIM=SIN(RIMANG)

COSRIM=COS (RIMANG)

DO 50 1=1, 365, 1

DO 2500 J=1.4

EQ(J)=A(J)*COS ((PIE2%(J-1)*1)/ 365.25)+B(J)*SIN( (PIE2*(J-1 )*1)/365. 25)
2500 CONTI NUE

RI SANG=ACCS( (- TANLAT) *TAN (DECL(I)))

DAYLEN(T )=PIEV*RISANG/ 7.5

SONOON(T ) 13. 5-((EQ(1)+EQ( 2)+EQ(3)+EQ(4)+4* (LONGST-LONG ))/ 60)
50 CONTI NUE

Ul1=U1/CRATIO

U22=U2/CRATIO

XMINV=1/ (.008372*FLOWR*CP*DENS*CRAT10)

AREACR=AREAC/ CRATI O

RRR=CELLL/COLEN

RETURN

4

% DAILY COVPUTATI ON BEG NS

3
ENTRY QOOLLOL(K, TFLN, TFQUT, TA, @8R, ESR)
I'F ((RADTH(K) .LE.0).OR. (RADDN(K).LE.0)) GO To 38
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2107.
2108.
2109.
2110.

2111,

21 12.

2113.

2114.
2115.
2116.
2117.
2118.

2119.
2120.
2121.
2122.

2123.

2124,

2125.

2126.
2127.

2128.

2129.

2130.

2131,

2132,
2133.
2 1L
2135.
2136.
2137.
2138.
2139.
2140.
2141.
2142,
2143.
2144,
2145,
2146.
2147.
2148.

2149.

2150.
2151 .
2152,
2153.
2154,
2155.
2156.
2157.
2158.
2159.
2160.
2161.
2162.

TAIR=TA-27 3
1= (K-1)/24
J-K-24%(1)
I=I+I]
TD=J-0.5-SONOON{ 1) +DAYLEN (I)/2
IF ((TD.LT. 0) .OR. (TD.GT.DAYLEN (]))) GO To 38
COSINC=COS (DECL(1))
RISANG=ACOS ( (-TANLAT) *TAN(DECL(I)})
HRANG=( SONOON(1 )-J)*RISANG/ (DAYLEN(1)/2)
IF(TEW.EQ. 1)GO TO 350
QO TO 360
350  COSINC=( 1-((COSINC) **Z)*((SIN(HRANG) )**2))**0.5
b4
% COWPUTE SHADI NG
z
PHI=LAT-ATAN( (TAN(DECL(T )))*(1l. /COS(HRANG)))
THE=ACCS( COSI NO)
QO TO 370
360 IF (ABS (HRANG) GT.PIE2/4)GO 10 38
PHI=HRANG
THE=DECL (1)
370  SHAD1=AMIN1(1 ,COSPAC*ABS (COS(PHI))/APWID)
RADIUS=( 2*FOCLEN) /(1 .+COSRIM)
SHAD2=FOCLEN+( ( (RADIUS*SINRIM)**2) /(12%FOCLEN))
SHAD2=AMAX1 (0, 1-( (SHAD2*ABS (TAN(THE) ))/COLEN))
SHADTO=SHAD 1 *SHAD 2
x
% COWPUTE THERMAL LCSSES
z
TRANSM=TRANS*(COSINC**0, 25)
FCIONO=0
I F (SHAD2.GE.(RRR/2)+.5) %
FCIONO=(CRATIO/COLEN)*CELLL*REFLEC*TRANSM*SHAD1* %
CELLEF*FC*RADDN (K) *COSINC
762 I F ((SHAD2-.5)*COLEN.GE.CELLL/2) %
ALPHIO=(CRATI0/COLEN)*REFLEC*SHAD  *TRANSM*RADDN (K) %
*COSINC* (ALPHA* (SHAD2*COLEN-FC*CELLL)+(FC*ELECAB*CELLL) )
I F ((SHAD2-0.5)*COLEN.LT.-CELLL/2) %
ALPHI O=CRATI O* REFLEC* TRANSM* RADDN( K) %
* Q08I NC* ALPHA* SHADTO
I F (ABS ((SHAD2-.5)*COLEN) .LE.CELLL/2) %
ALPHIO=(CRATIO/COLEN)*REFLECXTRANSM*RADDN (K)* %
COSINC* (ALPHA*( (COLEN-FC*CELLL) /2)+ A
FC*ELECAB*( (SHAD2-0. 5)*COLEN+CELLL/2) )*SHAD1
IF(ISYS.EQ.1)GO TO 7bl
TTEMP=TFIN
IF(IFLOW.EQ. 2) TTEMP=(TFIN+TFOUT )/2
QL1=ALPHIO-FCIONO* (1-BETA* (TTEMP-28))
IF(IFLOW.EQ-1)GO To 763
z
% CALCULATE ouTpuT FOR SYSTEM WITH FIXED ouTpuT TEMPERATURE

%
1F(TTEMP-TAIR.GE.T}-T0) %
Qu2=UL1*CRATIO*(T1-T0)+U22*CRATIO*(TTEMP-TAIR-(T1-T0) )
I1F(TTEMP-TAIR.LT.TI-TO) %
QL2=Ul1*CRATIO* (TTEMP-TAIR)
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2163.
2164,

2165.

2166.

2167.
2168.
2169.
2170.
2171.
2172.
2173.

2174,

2175.
2176.

2177,

2178.
2179.
2180.
2181.
2182.
2183.
2184.
2185.
2186.

2187.

2188.

2189.

2190.

2191,

2192.

2193.
2194.
2195.
2196.

2197.

2198.
2199.
2200.
2201.
2202.
2203.
2204.
2205.
2206.
2207.
2208.

2209.

2210.

2211,
2212.
2213.
2214.
2215.
2216.

QSR=AREACR*(QL1-QL2)/( |-FCIONO*BETA/XKE)
GO TO 764

¥

Z CALCULATE QUTPUT FOR FI XED FLOW RATE

z

763 QL2=U11*CRATIO*(T1-TO)+U22*CRATIO* (TTEMP-TAIR-(T1-T0) )

QSR=AREACR*(QL1-QL2)/ (14+U22*XMINV-FCIONO*BETA* (1 /XKE+XMINV/CRATIO))

TTEMP=TFIN+QSR*XMINV/AREAC

IF (TTEMP-TAIR.LT.T1-TO) %

QSR=AREACR* (QL1-Ul | XCRATIO* (TFIN-TAIR) )/ (14Ul | *XMINV-FCIONO%
*BETA* (1 /XKE+XMINV/CRATIO) )

TTEMP=TFI N+QSR* XM NV/ AREAC

764 ESR=AREACR*FCIONO*( |- BETA* (TTEMP+QSR/ (XKE*AREACR) -28))

GO TO 766

761 QSR=0

ESR=AREACR*FCIONO*( 1~-BETA*(TAIR-28+ALPHIO/XKE ))/(1-FCIONO*BETA/ (XKE*FC ))

766 QSR=AMAX1(0,QSR)

ESR=AMAX1 (0, ESR)

RETURN

38 QSR=0.

ESR=0.

RETURN

4

% OUTPUT STATEMENTS

z

ENTRY colLLo2

IF (IEW.EQ.1) WRITE(13,1132)

1132 FORVAT(’ EAST-WEST AXI'S TRACKI NG COLLECTOR )

IF (IEW.NE.1) WRITE(13,459)

459  FORMAT(’ ONE-AXI'S POLAR NORTH SOUTH TRACKI NG COLLECTOR )

IF(ISYS.EQ.1) WRITE(13,451)

451 FORMAT (1X, ' PASS| VE ELECTRI G- ONLY COLLECTCR )

IF (ISYS.EQ.2) WRITE(13,452)
452 FORMAT( 1X,”COMBINED THERMAL AND ELECTRI C COLLECTCR )
IF(ISYS.EQ.3) WRITE(13,453)

453 FORMAT( 1X,°THERMAL-ONLY COLLECTCR )

IF(IFLOW.EQ.1) WRITE(13,455)

455 FORVAT(® OONSTANT FLOW RATE' )

IF(1FLOW.EQ.2) WRITE(13,456)

456 FORVAT(® OONSTANT OUTPUT TEMPERATURE' )

RETURN

z

Z QUTpUT SUMVARY

z

ENTRY COLLO3

LAT=LAT*PI Ev

RIMANG=RIMANG*PIEV

WRITE(13,900) CRATIO,TRANS,AREAC,LAT,LONG,LONGST,Ul , %
U2, XKE, BETA, CELLEF, ELECAB, FC , %
ALPHA, FLOoWR, DENS, CP, TO, T1 ,APWID,COLEN,Z
FOCLEN, COSPAC, R MANG, REFLEC, CELLL

WRITE(13,901) ISYS,IFLOW,IEW

RETURN

END
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CoNoap NS

2014.

2015.

2016.
2017.
2018.
2019.
2020.
2021.
2022.
2023.
2024.

2025.
2026.

2027.
2028.
2029.

2030.

2031.
2032.
2033.
2034.
2035.
2036.

2037.
2038.

2039.
2040.
2041.
2062.

2043.
2044.
2045.

PROGRAM NAME: COLL3.JB
JOHN C. BELL
ENERGY PROGRAM
OFFI CE OF TECHNOLOGY ASSESSMENT
QCOWPI LED
DATE: 12/29/77
TIME 12:29:42
PROGRAM COLL3.JB FOR RUNNING HELI OSTAT FI ELDS
WTH THERVAL QUTPUT ONLY

FEOSE SR NN P AE BE 5QIE BE NEE

%

SUBRQUTI NE COLL(ISYS1)

DI MENSI CN DAYLEN( 365) , SONOON( 365) ,DECL(365)

DIMENSION RADDN(8760), RADTH( 8760)

DI VENSI ON EQ(4),A(4),B(4)

IMPLICIT REAL(L)

COMMON/BXXX/CRATIO, TRANS ,AREAC,LAT,LONG,LONGST,TILT,AZ ,XKE,BETA, %
CELLEF,ELECAB,FC,ULOSS,COVERN,FR,ALPHA,FLOWR,DENS,CP, %
ABC,ABD,APWID,COLEN,FOCLEN ,COSPAC .RIMANG.REFLEC ,CELLL, %
ALPHAV, YYY(5), | SYS, | FLOW 1EW, IYYY(5)

DI MENSI ON sceL(37), 1 SCEL( 8)

EqUi val ence (SCEL(!),CRATIO) ,(ISCEL(1),ISYS)

DATA A B/-.2E-3, .4197,-.32265E 1,-.903E-1,0. ,- .7351El,-. 93912E1,~-.3661 /

DI MENSI ON  GAMVA(3, 7), DAYTIM3, 7),NZDAY(365)

DATA GAMMA/.92,.56,0.,.92, 58 O, .92, .68,0.,.91,.72,0.,.87,.7,0.,.82,

.58,0. ,. 78, .49,0./

DATA DAYTIM/ 1.7,5.36,7. 18,1.7,5.1,6.96, 1.7,3.93,6.56, 1.48,3.6,6.03, 1.51,
3.48,5.57,1.74,3.6,5.17 ,1.39,3.6,4.781
DATA NZDAY/4*7, 31*6,30%5,31%*4, 30*3,31*2,29*1,31*2,30%3, 31*4,30*5,31*6, 26*7/

PIE2=6.2831853

PIEV=360/(PIE2)

READ (24) DECL

REWND 25

READ(25) RADDN, RADDN, RADDN, RADTH

READ(12,*,PROMPT="FILE NUVMBER FOR COLLECTOR CCEFFICIENTS: ‘) IF

IF (IF.LE.0) GO TO 1120

REWND IF

READ(IF) SCEL,ISCEL

1120 READ(12,99,PROMPT="LIST/CHANGE VAR ABLES AND VALUES: ‘) ITST

99  FORMAT(A4)

IF (ITST.EQ. 'YES') co To 1123

IF (ITST.EQ.°NO") GO TO 1124

IF (ITST.EQ. 'NON ) GO TO 1140

GO TO 1120

1123 WRITE(13,900) CRATI O AREAC, LAT, LONG LONGST, ULCSS, %
ALPHA,REFLEC

900 FORMAT(" REAL NUVBERS, /%

#°,4X, VALUE® ,4X,’ Definition’/z

1 *,1PE10.3,” : CONCENTRATION RATIO (DIM"/ %

3’ ,1PE10.3,’ :COLLECTOR AREA (M*%2)’/%

4 ', 1PE10.3, :LATITUDE (DEG) /X

5 | PE1O 3,” :LONGITUDE (DEG)’/%

" 6’ , 1PE10.3, ' :STANDARD LONG TUDE (DEG)’/%
© 14 *,IPE10.3, ' :THERMAL LOSS COEFF (KW/C*M**2)‘/%
17 ,1PE10.3,” :ABSORB OF THERVAL- ONLY SURFACES (.LE.1.00)’/%
28 *, 1PE10.3," :OOLLECTOR REFLECTIMI TY (.LE. 1.00)’)
1124 READ(12,*, PROWPT=' VAR # AND VAR ABLE: ‘) IV,V
IF (IV.LE.0) GO TO 1126
IF (IV.GT.37) GO TO 1124
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SCEL(IV)=V

GO TO 1124

1126 READ(12,*,PROMPT="FILE NUMBER TO STORE COLLECTOR CQEFF: “) IV

IF (IV.LE.0) GO TO 1140

REWND |V

WRITE(IV) SCEL,ISCEL

4

X FINISH INITIAL COVPUTATI ONS

X

1140 LAT=LAT/PIEV

TANLAT=TAN (LAT)

1SYS1=1SYS

DO 50 1-1,365, 1

DO 2500 J-1,4

EQ(J)=A(J)*COS ((PIE2* (J-1)*1)/365. 25)+B(J)*SIN( (PIE2*(J-1 )*1)/365.25)

2500  CONTI NUE

RISANG=ACOS ( (-TANLAT)*TAN (DECL(I)))

DAYLEN(I)=PIEV*RISANG/7.5

SONOON(I)=13.5-((EQ(1)+EQ(2)+EQ( 3) +EQ(4) +4*(LONGST-LONG) )/60)

50 CONTI NUE

RETURN

4

X DALY COVPUTATI ON BEG NS

4

ENTRY COLLOL(K, TFI N, TFOUT, TA, B8R, ESR)

IF ((RADTH(K).LE.0).OR.{(RADDN(K).LE.0)) GO TO 38

TFIN=TFOUT

TAIR=TA-273

I=(K-1)/264

J=K=-24%(1)

I=1+1

N=NZDAY(I)

TD=J-0.5-SONOON(1)+DAYLEN (1)/2

IF ((TD.LT.0).OR. (TD.GT.DAYLEN(1))) GO TO 38

TDAY=ABS (SONOON(I1)-J)

TD=DAYLEN(I)/2.

TB=(TD/(DAYTIM(3,N) ))*DAYTIM(1,N)

TC=(TD/(DAYTIM(3,N) )) *DAYTIM(2,N )

IF(TDAY.LT.TB)GO TO 25

IF(TDAY.LE.TC)GO TO 26

GO TO 27

25  GAMCOS=0

GO TO 30

26 GAMCOS=(GAMMA (1,N)-GAMMA( 2,N))}/(TC~TB)

TD=TB

GO TO 30

27 GAMCOS=(GAMMA (2,N)~GAMMA (3 ,N))/(TD-TC)- %

(GAMMA (2,N)~-GAMMA (1,N)) /(TDAY-TC) @orrecti on FACTOR

TD=TC

30  GAMCOS=GAMMA( 1,N)~GAMCOS* (TDAY-TD)

QSR=REFLEC* ALPHA* AREAC* GAMCOS* M DDN  (K)- %
(TFOUT~TAIR) *ULOSS*AREAC/CRATIO

GO TO 39

38 QSR=0.

39 IF(QSR.LE.Q) QSR=0.

RETURN

2

% QUTPUT STATEMENTS

z

ENTRY COLL02

WRITE(13,250)
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2107.
2108.
2109.
2110.
2111,
2112,

250 FORMAT (° HELTOSTAT FIELD )
RETURN

z

% OUTPU I SUMMARY

3

ENTRY COLLO3
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2113.
2114.
2115.
2116.
2117.

LAT=LAT*PLEV

WRITE(13,900) CRATI O AREAC, LAT, LONG
ALPHA,REFLEC

RETURN

END

LONGST,ULOSS, Z
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1 2 PROGRAM NAMVE OFFPKeJB

2. " %2 JOHN C. BELL

3. Z ENERGY PROGRAM

4. % OFFICE OF TECHNOLOGY ASSESSMENT

5. 2 COMPILED

6. z DATE:  3/25/78

7. 7 TIME 15:30:21

8. % PROGRAM OFFPK.JB FOR BUYI NG OFFPEAK ELECTRI O TY
9. z

10. 9

11. b4

12. 7

13. b4

14, z

15. b3

1000. SUBROUTI NE OFFPK

1001. DI MENSI ON E(8760) , CPQ( 2, 25)

1002. COMMON /DXXX/BOLMAX, CPC

1003. COMMON /EXXX/TAIRF

1004 COMMON /XDATA/E

1005. DATA XMAX,ONE/L1.QE10, |./

1006. READ(12, 99,PROMPT~"HEATING, OOOLING AND HOT WATER: ‘) ITST
1007. 99 FORMAT( A4)

1008. IF (ITST.EQ. YES’) IHC=l

1009. READ(12,*,PROMPT="0FFPEAK CHARG NG HOURS--BEG N AND END: ‘) IHRB,IHRE
1010. IHRTOT=IHRE-IHRB+1

1011. RETURN

2004 . ENTRY OFFPK1(K, QP, QC, QSH, COPEE, EHWEFF)

2001. IHR=K-((K-1 )/24)*24

2002. |F ((IHR.GE.IHRB) _AND. (IHR.LE.IHRE)) o TO 200
2003. H20N=H20N+QP

2004. CALL UPDATE(XMAX,WSTOR,-QP,RESID,ONE,ONE,XMAX)
2005. E(K)=E(K)-(QP-RESID)/EHWEFF

2006. IF (QSH.GT.0) Go TO 100

2007. HREATN=HEATN+QC

2008. CALL UPDATE(XMAX,HSTOR,-QC,RESLD,ONE,ONE XMAX)
2009. CO TO 101

2010. 100 |F (IHC.NE.1) RETURN

2011. COOLN=COOLN+QC
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2012, CALL UPDATE (XMAX,CSTOR,~QC,RESID,ONE,ONE, XMAX)

2013. 101 RESID=(QC-RESID)/COPEE

2014. E(K)=E(K)~RESID

2015. QC2=QC24RESID

2016. QC1=QC1-RESID

2017. RETURN

2018. 200 IF (IHR.NE.IHRB) CO TO 250

2019. OFFBYH=AMAX! (0, (HEATN-HSTOR) /IHRTOT)

2020. OFFBYC=AMAX1 (0, (COOLN-CSTOR)/IHRTOT)

2021, OFFBYW=AMAX1 (0, (H20N-WSTOR) /IHRTOT)

2022, HEATN=0

2023. COOLN=0

2024. H20N=0

2025. 250  E(R)=E(K)+OFFBYW/EHWEFF+OFFBYH

2026. | F (IHC.NE.1) GO TO 275

2027. CaL COPT(TAI RF, CPC,

2028. E (K)=E(K)+OFFBYC/COPC

2029. CSTOR=CSTOR+OFFBYC

2030. TOFFPC~TOFFPC+OFFBYC/COPC

2031, 275  HSTOR=HSTOR+OFFBYH

2032. TOFFPH=TOFFPH+OFFBYH

2033. WSTOR=WSTOR+OFFBYW

2034. TOFFPW=TOFFPW+OFFBYW/EHWEFF

2035. | F (IHR.NE.IHRE) RETURN

2036. HSTORM=AMAX]1 (HSTOR,HSTORM)

2037. CSTORMEAMAXI  ( CSTORM CSTOR)

2038. WSTORMFAMAX1  ( WSTORM WSTOR)

2039. RETURN

3000. ENTRY OFFPK2

3001. | F (IHC.EQ.1) WRITE(13,7)

3002. 7 FORMAT(//° OFFPEAK BUYING FOR HEATI NG COCLING AND HOT WATER )
3003. | F (IHC.NE.1) WRITE(13,8)

3004, 8  FORMAT(//” OFFPEAK BUYING FOR HEATI NG AND HOT WATER )
3005. WRITE(13,9) HSTORM TOFFPH, CSTORM TOFFPC, WSTORM TOFFPW
3006. 9 FORMAT( 15X, 'MAXIMUM ,5x, °TOTAL’ /15X, STORAGE’ ,2x,’'Electricity”/%
3007. * HEATING:’,4X,2( 1PE10.3,2X)/° COOLING *,4X,2(1PE10. 3,2X)/%
3008. ‘ HOT WATER  *, 2(1PELO. 3, 2X))

3009. RETURN

3010. END
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