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FOREWORD 

This is the computer manual for the Solar Total Energy System 
Evaluation Program (STESEP), developed under the Department of 
Energy (DOE) Contract EY-76-C-03-1210 [formerly, Energy Research 
and Development Administration (ERDA) Contract E(04-03)-1210]. The 
contract effort was performed by Rockwell International Corpora-
tion's Atomics International (AI) Division, and was monitored by 
Dr. R. W. Harrigan, of Sandia Laboratories, under the direction of 
Mr. J. E. Rannels, DOE Program Manager. 

This documentation of the STESEP Code was funded by Sandia 
Laboratories, Albuquerque, New Mexico, through Federal Agency 
Order (FAQ) 07-6971, and was written by Mr. B. L. McFarland, with 
contributions by Dr. E. P. French, of Rockwell's Space Division, 
and by Mr. S. J. Nalbandian, who was the AI Program Manager. 

The TMY subroutine to read the National Climatic Center· 
typical meterological year data tape was written and incorporated 
into the code by Herbert Anderson of Sandia Laboratories. 
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1.0 INTRODUCTION 

The purpose of this report is to present a computer manual for the Solar 
Total Energy System Evaluation Program (STESEP) which was previously developed 
as part of DOE Contract EY-76-C-O3-121O [formerly ERDA Contract E(04-3)-1210J(l)* 
for evaluation of the potential commercial application of solar total energy 
systems. 

1.1 SOLAR TOTAL ENERGY SYSTEMS 

A solar total energy system uses solar energy as the primary source to provide 
a combination of electrical and thermal power to the user to supplement or replace 
conventional energy sources. Figures 1 and 2 show the generic concepts considered 
during the study. Both can be evaluated by the STESEP computer program to deter-
mine the equipment sizes and control methodology best suited to applications in 
the commercial sector. 

As indicated in Figure 1, a thermal STES utilizes a concentrating solar col-
lector to produce a high-temperature fluid which supplies energy to a power con-
version system (PCS) and/or hot thermal energy storage for later use to power the 
PCS. The electrical energy produced by the PCS is used to supply the user's elec-
trical demand loads (lighting, vapor compression chillers) and/or an electrical 
energy storage system. Rejected thermal energy from the PCS can be cascaded to 
supply the user's heating loads and/or absorbtion chiller refrigeration loads with 
all excess energy exhausted to the atmosphere through a cooling tower. 

Figure 2 shows schematically how a photovoltaic STES can consist of 
(1) direct conversion of the solar energy to electricity by photovoltaic arrays, 
which may or may not involve concentrators, and (2) collection of low-grade 
thermal energy either from the cooling of concentrating photovoltaic arrays or by 
separate flat plate collectors which supply the user's thermal demand loads. 

Figures 1 and 2 show energy storage in several places to indicate the numer-
ous options possible in configuring the systems and which need to be evaluated to 
determine the most economical configuration for a given application. This 

*Superscript numbers in parentheses refer to references. 
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evaluation can be expensive if a detailed computer program such as SOLSYS, (2) 
PVSOLSYS, (3) or modified TRNSYS( 4 ) is used. Thus an alternate method of develop-
ing the economical optimum STES configuration was needed. 

1.2 SOLAR TOTAL ENERGY SYSTEM EVALUATION PROGRAM (STESEP) 

The STESEP Computer Program was developed for a quick evaluation of trade-offs 
related to (1) cascading of thermal power conversion systems, (2) determination 
of optimum collector sizes and operating conditions (make or buy decisions for 
auxiliary energy), and (3) comparison of solar total energy concepts in various 
parts of the country and in various types of commercial buildings to assess their 
future economic potential for various economic scenarios. 

The logic of the STESEP Computer Program is shown in simplified form in 
Figure 3. Environmental and building data are combined with component perform-
ance and cost characteristics to evaluate the effect of system performance by 
hourly energy balances of calculated building loads as a function of environ-
mental temperatures, solar energy collection and one of three possible generic 
control modes for the system that are discussed in Section 2.2. 

The individual component-subsystem models are of necessity simplified and 
are used together with a deterministic model(l) of the solar-environmental condi-
tion to enable screening calculations to be made inexpensively. Provision for 
using more detailed weather tape data is discussed in Section 3.4. The results 
from these screening calculations define the economics of the system and can be 
used directly for conceptual trend studies. The component sizes selected for the 
system also form a good starting point for more detailed preliminary design studies 
using the larger SOLSYS~ 2), PVSOLSYS( 3), or modified TRNSYS( 4) computer programs. 
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TABLE 1 
COMPARISON OF STES CONCEPTS 

=======:::::;:::============;:==-===========--
Power Conversion 
System Concept 

Organic 
Rankine 

Steam 
Rankine 

Brayton Cycle 
(High Pressure) 

Brayton Cycle 
(Low Pressure) 

Photovoltaic 

Advantages 

1. Distributed Collector 
Can be Used 

2. Can be Cascaded for 
Thermal Load 

1. High Performance 
Potential ~vhen 
superheated steam 
is used 

1. High Perfonnance 
Potential 

2. Can be Cascaded for 
Thermal Load 

1. High Performance 
Potential 

2. Can be Cascaded for 
Thermal Load 

3. No Operator Required 
4. Thermal Storage 

Feasible for STES 

1. High Performance 
Potential 

2. Simple Control Systems 
3. No Opera tor Required 

AI-78-18 
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Disadvantages 

1. Requires Licensed 
Operator or Automatic 
Safety Controls 

2. Fire Hazard 
3. Low Perfonnance 

1. Requires Licensed 
Operator or Automatic 
Safety Controls 

2. Requires Point Focus 
Receiver (higher 
temperature) 

3. Fire Hazard Because of 
Second Fluid for 
Storage 

4. Large Performance Loss 
to Cascade 

1. Requires Licensed 
Operator 

2. Requires Point Foc~s 
Receiver (higher 
temperature) 

3. Current Concepts of 
Thermal Storage 
Not Feasible for STES 

4. Fluid Leakage Problems 

1. Requires Advanced Central 
Receiver Concept 

2. Probably Requires 
Fossile Fuel Topping 
Cycle to Produce 
Needed Turbine Inlet 
Temperatures 

1. High Cost of Array 
2. Cascading Inefficient 



2.0 PROGRAM DESCRIPTION 

This section describes the mathematical models used by the STESEP program 
and briefly discusses how the systems were selected. 

2.1 TOTAL ENERGY SYSTEM SELECTION 

The STESEP program was developed for analyzing Rankine cycle STES of the 
* type shown in Figure 4, and photovoltaic systems of the type shown in Figure 5. 

During the contractual effort reported in Reference 1, several other STES 
concepts were compared before selection of the Rankine and photovoltaic systems 
for the STESEP computer program. Table 1 compares these STES concepts which were 
evaluated(!) for application to the commercial sector. While the Brayton cycle 
was felt to have a high potential, the development of a suitable collector lags 
far behind the development of collectors for Rankine systems where test data are 
available. (5-I4) Consequently, only Rankine cycle solar thermal systems have 
been included in the program. 

The STESEP program determines component demand loads, based on an hourly 
steady-state energy balance for each of the various components as indicated in 
Figures 4 and 5, to meet the input users requirements for electrical, heating, 
ventilating, and air conditioning (HVAC), and process heat demand loads. Com-
ponent sizes and utilization factors are estimated based on the input of environ-
mental conditions. System capital and recurring costs are evaluated to determine 
the annualized cost(l5) for the system. 

2.2 CONTROL MODES 

The performance of the STES is dependent on the control logic used to operate 
the system. In addition, the type of energy storage also depends on this control 
logic. There are three generic methods of control of the STES, which are con-
sidered (at the users option) by the STESEP computer program. These determine 
how the power conversion system (PCS) is operated and are as follows: 

1) Thermal Control - When the power conversion system (PCS) is sized and 
operated to provide the building HVAC and process heating demand load 

*See list of symbols. 
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(using reject heat), the system is controlled by the thermal ioad. 
In this mode, the PCS always operates to provide enough reject ther-
mal energy for the heating and cooling (thermal) loads. Electricity 
is used to meet any unsatisfied building electrical load. 

2) Electrical Control - The PCS is operated to provide the entire 
electrical load for the building. Auxiliary fossil-fired boilers 
are used in conjunction with the solar collector to provide suf-
ficient energy to the PCS to make the system standalonewith no 
electricity purchased from the utility. 

3) Solar Control - The PCS is sized and operated to utilize the solar 
energy collected by the system. Utility electricity is used to 
meet any unsatisfied building electrical or cooling load while 
fossil fuel is burned to meet any unsatisfied building heating 
requirements. 

Solar thermal systems can be operated in any one of the three control modes 
(i.e., electrical, thermal, solar) and can use either hot thermal storage or 
battery storage for energy storage in conjunction with cold storage for refrig-
eration needs. The photovoltaic STES (nonconcentrator system) should only be 
operated in the solar control mode since the flat plate collectors used for 
meeting the building thermal loads decouple the electrical and thermal require-
ments. 

STESEP is intended to compare the cost of operation in each of the control 
modes so that preliminary appraisals of the suitability of the solar system can 
be made. 

2.3 COMPONENT MODELS 

To evaluate the STES concepts discussed above, the component and subsystems 
shown in Figures 4 and 5 have been characterized in terms of their performance 
and cost parameters. 

The following discussion describes the derivation of the major components 
models selected for use in this computer program. 
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2.3.1 Concentrating Solar Collectors 

An STES that produces electricity from a heat engine must achieve temperatures 
beyond the range of flat-plate collectors and will require a tracking, concen-
trating collector to efficiently heat the working fluid to the necessary tempera-
ture range of 230 to 40o0c for Rankine cycles STES or 700 to 900°C for Brayton 
cycle STES. Unfortunately, collector designs suitable for use with the Brayton 
cycle(lfi-lS) are in a conceptual design period and were not considered to be in 
hardware development stage suitable for use in commercial buildings for the pre-
sent study. The combination of a gaseous coolant and extremely high turbine tem-
perature requirements resulted in deletion of Brayton c;YCle solar collectors from 
the study program. Collectors suitable for use with the Rankine cycle STES are 
being developed in both distributed and central receiver configurations. While 
the configurations discussed below cannot yet be considered 11 state-of-the-art," 
the hardware development programs currently in progress should ensure their com-
mercial availability. 

2.3.1.1 Distributed Concentrating Collectors 

Four basic concepts of distributed concentrating collectors being developed 
for liquid coolants are shown in Figure 6~ 5-l4) For these collectors, the 
optical and thermal losses determine their operating efficiencies and are some-
what different for each concept. For the evaluation of the STES concepts, the 

* losses can be represented by: 

... (1) 

Data from References 5 through 14 have been used for preliminary evaluation 
of the loss coefficients for these collectors. These are listed in Table 2 and 
can be used if data are not available for the collector being analyzed. 

Using the deterministic insolation model discussed in Section 2.3.6 in 
conjunction with Equation (1) allows one or two axis tracking collectors to be 
simulated accurately as well as nontracking distributed collectors based on the 
solar declination angle, 0

2
, as shown in Figure 7. 

*S.ee List of Symbols on Page 153 and also Glossary of Terms, Section 4.3, for 
equivalent STESEP variable name. 
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TABLE 2 
SOLAR CONCENTRATING COLLECTORS 

Concen- Optical Concept tration 
Source Reference Ratio Efficiency, 

(A/Aa) nae(%) 

Segmented Mirror 
Sheldahl-Planar 6, 7 30 64(67)* 
Sheldahl-Vt 6, 7 30 ( 71) 

Itek 6, 8 46 (75) 

Parabolic 
Honeywell (NSC)§ 6, 9 31 63 
Honeywell (SC)§ 6, 9 31 60 
Sandia (NSC) 5 10, 11 42 (65) 
Sandia (SC)§ 10, 11 42 (64) 
JPLt 12 16.8 65 

Fresnel Lens 
McOunnell 13, 14 

Douglas 
(40) (63) 

Fixed Mirror 6, 15 41 65 

*Numbers in parentheses are estimated values. 
tEvaluated from transient data - solid absorber. 
§NSC = nonselective coating, SC= selective coating. 

R . ** ece1ver 

Eme;:ry 

1. 5 
0.37 
1. 2 

1.8 
0.39 
2 
0.3 
1.0 

(1) 

(0.3) 

Receiver Convective 
Loss Coefficient 

( u) 

2 W/m -h-°C Btu/ft2-h-°F 

8.5 1. 5 
8.2 1.44 
1.4 0.24 

5 0.89 
5 0.89 

14.1 2.5 
14.1 2.5 
0.6 0.1 

(5.6) ( 1) 

(5.6) ( 1) 

**Value used in Equation 1 and which contains area correction term to account for different radiating 
area, A, and illuminated area, A, on the receiver. r a 



• APPLIES ANALYTICAL EXPRESSIONS FOR PREDICTABLE EFFECTS 

• SUN POSITION (ZENITH ANGLE Oz) AS FUNCTION OF LATITUDE, 
TIME OF DAY, AND SEASON 

• TRANSMISSION THROUGH THE STANDARD ATMOSPHERE AS 
FUNCTION OF SEASON: 

A•exp (-B/cos Oz) 

• DERIVES AVERAGE LOCAL CORRECTIONS BASED ON MEASURED 
DIRECT AND HORIZONTAL RADIATION 

• RADIATION IS OBSCURED BY 
CLOUDS FOR (1 · CF) FRACTION 
OF THE TIME 

• WHEN NOT CLOUDED, LOCAL 
ATMOSPHERIC EFFECTS 
ATTENUATE RADIATION BY 
THE CLEARNESS FACTOR, CN 

IDN = CN •A• exp (-B/cos Oz) 

• TOTAL HORIZONTAL RADIATION 
IH (DIRECT AND DIFFUSE) ESTI-
MATED BY LINEAR FORMULA, 

IDN =a'(IH/1~) + (3'' 

Figure 7. Deterministic Insolation Model 
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The direct normal insolation predicted by this insolation model is used 
directly in Equation (1) for two-axis tracking systems, while for one-axis east-
west oriented tracking systems, the incident insolation is given by: 

... (2a) 

and for a N-S orientation: 

I= ION coso ... ( 2b) 

For nontracking nonconcentrating collectors, the incident insolation is 
given by: 

I = 
ION+ 0.384 Ic 

1. 33 { cos o cos ( ¢ - T) cos h + 

The total horizontal insolation is: 

where 

ez = cos o cos ¢ cos h + sin ¢ sin o 

2.3.1.2 Central Receivers 

sin (¢-T) sin o] 
••• ( 3) 

••• ( 4) 

... (5) 

Equation (1) also accurately represents the behavior of central receivers if 
the incident insolation on the absorber is known. The multiple reflection paths 
from the mirror field precludes the use of simple expressions(l9- 2l) to accurately 
represent the incident insolation such as those described above. In this program, 
the direct horizontal insolation has been used in conjunction with cosine of 
half of the solar angle in Equation (1) to approximate the behavior of the central 
receiver. 

• .. ( 6) 

Performance test data for central receivers are not yet available,although 
the 5-MWt facility at Sandia should soon be testing several of the central re-
ceiver concepts under development. 
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Predictions of the heliostat efficiency of the 10-MWe plant to be installed 
at Barstow, California( 22 ) are shown in Figure 8, along with Equation 6 to indi-
cate that this simple expression gives reasonable predictions for the field 
cosine losses for 5 hr either side of solar noon. Since the sun will not norm-
ally be acquired at azimuth angles below 20 deg, this inaccuracy will not norm-
ally affect the numbers generated by STESEP. 

Estimates for the optical efficiency of small central receivers vary from 
0.65( 22 ) to 0.72. (23 ) Probable concentration ratios will vary from 250 to 1000. 
Convective losses( 2l) will be 2 to 4 times that of distributed systems and the 
receiver surface emissivity will be above 0.9. These values are recommended for 
use with Equation (1). 

2.3.1.3 Coolant Pressure and Thermal Losses 

Both the distributed and central receiver solar collector systems must be 
actively cooled. The high temperatures needed for efficient power conversion 
system operation ~3oo0 c("v60QOF) severely limits the type of coolant that can be 
used. Based on the results of the extensive study reported in Reference 19, 
Caloria HT-43 has been used for coolant calculations in the STESEP Computer 
Program. Equation (1) is used to predict the energy absorbed by the coolant, 
and a coolant velocity necessary to limit the wall-to-coolant temperature dif-
ference to a specified value (DTW) is computed using the turbulent Nusselt equa-
tion with bulk properties of the fluid. 

N = 0 023 N113 NO.S 
Nu • Pr Re ••• ( 7) 

The hydraulic power to produce 20 velocity heads for the coolant flow with 
a 70% efficient pump is used as the pumping loss for distributed co 11 ectors. 
For central receivers, an additional head is required equal to the tower height. 

For distributed collector systems, a thermal energy loss equal to 5% 
of the collected energy is assumed to account for the piping loss between the 
collectors and power conversion system. 

2.3.1.4 Photovoltaic Array Performance 

Photovoltaic cells convert solar energy directly into electricity but must 
be connected in arrays to produce easily useable power. One hundred to several 
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hundred cells will normally be connected in series to produce voltage levels 
compatible with commercial equipment. Consequently, estimating array perform-
ance can be a complicated process. The user must input the reference efficiency 
of the array. An array packing factor of 0.95 is assumed by the STESEP Computer 
Program, and the photovoltaic array performance is corrected for cell temperature 
excursions by the equation: 

array efficiency= [1 - B (Tcell - Tref)] n0 c ... (8) 

The performance of the photovoltaic array is based on the input array effic-
iency at 2s0c (15% conversion efficiency would be typical). Equation (1) is 
used to compute the passively cooled cell temperature each hour based on the 
ambient air temperature and the input linear loss coefficient. The cell perform-
ance is corrected for temperature effects by the linear coefficient. 

Since many of the commercial buildings considered for STES application have 
all electric power systems, the photovoltaic STES concept is a likely candidate 
for retrofit conversion to solar power. However, the use of electricity for 
space and process heating is both uneconomical and wasteful of energy so that 
the program assumes conversion of the building heating system to use a thermal 
source of energy. This also enables direct comparison to be made of photovoltaic 
and solar thermal total energy systems since the base or original operating cost 
for the building is the same for either system. 

2.3.1.5 Land Utilization Effects 

Commercial buildings are normally located in relatively high-cost land areas 
($10/m2 to $50/m2 or more) and consequently do not normally have a large parking 
area. Multi-tiered parking is common where land costs favor multi-story build-
ings. Data from Reference 24 indicates that parking areas are usually less than 
the total building floor areas for shopping centers, while the parking area is 
considerably smaller for office buildings (particularly true for high-rise 
buildings). 

Because of the land utilization factor and high land cost surrounding com-
mercial buildings, the purchase of additional land for collector use would 
add an incremental cost of $40/m2 to $120/m2 to the capital investment for the 
additional collectors. Since the reference cost for concentrating collectors 
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was assumed at $100/m2 (see Section 2.4), the cost of land for these additional 
collectors could be considered as doubling the collector cost. 

With all collector (and array) systems, the land utilization efficiency 
affects both the cost of connecting piping, etc., and the total amount of energy 
that can be captured on a fixed amount of land. Shadowing effects are important 
for all designs and must be considered in establishing the field construction 
for a specific application. The shadowing analyses from Reference 24 are con-
sidered to be sufficiently accurate for conceptual design sizing studies and 
have been used to establish the land utilization efficiencies used in the STESEP 
program to set the usable daily collection period for the collector and array 
systems (see 2.3.6). 

Several assumptions were made in the analysis for two axis tracking systems 
in Reference 24 which need to be repeated for clarity. 

1) North~south (N-S) spacing should be made to prevent shadowing at any 
time since this could reduce the winter output during the entire day. 

Y = N-S spacing _ + sin¢ 
Lc collector length - cos¢ tan(90-o -¢) max 

2) The angle to prevent E-W shadowing is approximated by: 

co 11 ector width 
E-W spacing 

••• ( 9) 

••• ( 10) 

Based on this analysis, the STESEP Computer Program uses a default value for 
the east-west (E-W) spacing ratio of 0.4 for tracking collectors ~hich gives a 
20 to 25% land utilization depending on the site latitude. 

For tracking collectors, Figure 9 from Reference 12 shows the effect of col-
lector spacing on performance for comparison with the simplistic analysis results 
from Reference 24. These studies indicate that collector area-to-land area 
ratios will probably be kept below 1/3 for distributed systems to prevent exces-
sive shadowing losses. References 22 and 25 indicate the similar result for central 
receivers, since shadowing losses for both types of systems increase rapidly as 
the collector spacing is decreased. When area requirements for power conversion 
systems, energy storage, etc., are considered, an overall land utilization 
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efficiency for STES using tracking collectors of 1/4 appears reasonable and 
should be used for estimating an upper limit for collector areas to be considered. 

Nontracking flat plate collectors and photovoltaic arrays can more effectively 
utilize the available area, since shadowing effects are minimized although cosine 
losses are large. Equation 9( 24 ) indicates that flat plat collector area-to-land 
area ratios of 0.6 can be obtained without shadowing losses at 34 deg latitude so 
that an overall land utilization efficiency of 0.5 is reasonable and can usually 
be assumed to estimate the maximum array areas of interest. 

It is recognized that these spacings have not been optimized for cost effec-
tiveness, but are used to form preliminary estimates of what system constraints 
are likely to be found in commercial application of STES concepts. 

2.3.2 Energy Storage Subsystems 

Energy storage is necessary for STES concepts to: 

1) Prevent interruption of power due to intermittent cloud cover 
(smooth out the solar profile). 

2) Extend the usable period of operation of the system to nonsunlight 
periods. 

The amount of storage capability will depend upon the application and type 
of backup or auxiliary energy available. Both the thermal and battery storage 
systems can be considered by the STESEP. 

The thermal energy can be stored in the collector fluid or in a secondary 
material (and/or fluid). For STESEP it has been assumed that the additional sys-
tem complexity required to use a secondary fluid for the storage subsystem would 
not be cost effective, and only systems using the collector fluid as the transfer 
medium have been considered. 

Three types of thermal storage systems suitable for single fluid use have 
been considered. They are: (1) the double (multiple) tank system of in-line 
storage, (2) the neat fluid thermocline system of off-line storage, and (3) the 
dual media thermocline (hot rocks and oil) system of the off-line storage. 

For systems requiring a large amount of thermal storage (such as the 100-MWe 
system described in Reference 19), the cost of the fluid eliminates thermocline 
and multiple tank storage in favor of dual media storage. However, when only a 
small amount of energy storage is possible (see Section 2.3.7), the oil cost does 
not influence the selection, and effeciency becomes the governing criterion. 
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Double (multiple) tank storage was selected for the STESEP Computer Program on 
this basis. 

2.3.2.1 Multiple Tank Thermal Storage 

Because of the large operational temperature range of the collector fluid, 
expansion tanks are required to accommodate the volume changes of the fluid. The 
double tank storage concept uses separate tanks and pumps for the hot and cold 
legs of the system with a ullage volume equivalent to one of the tanks. 

During system operation, the hot leg pump is controlled by PCS demand and 
the cold leg pump by the collector outlet temperature so that one of the tanks is 
filling while the other tank is emptying. Thus, both the PCS and collector 
thermal condition are matched and a separate expansion tank eliminated. The two 
tanks are designed for complete mixing (i.e., thermal capacitor operation) and, 
therefore, have only small temperature changes as they fill and empty out of 
phase with each other. The inert cover gas system can be coupled to minimize 
makeup gas requirements and trace heaters can even be used to maintain tank 
temperatures during long outage periods or to preheat the tanks during startup. 

The primary loss from this type of storage is that occurring through the 
insulation and tank supports. This is a function of the tank geometry and dura-
tion of storage at temperature, so that an average thermal efficiency(l) can be 
estimated as follows: 

* Flat Head Tanks: 

17st 
(q/A\ns t 2 

= 1 - pc (T - T .) IT (2 + D/L) 
p CO Cl 

Spherical Head Tanks: 

(q/A)ins t 12 1 + L/D 
17s t = l - pc ( T - T . ) D 2 + 3 L/ D p CO Cl 

... ( 11) 

.•. (12) 

Normally, spherical tanks (L/D = 0) will be preferred for double tank storage 
systems even with low system pressure to minimize thermal losses and aid complete 
mixing in the tanks. 

*See list of symbols. 
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For cold and warm thermal energy storage, a separation bladder in the tank 
enables the same results to be obtained with a single tank (and pump) so that 
Equations (11) and (12) apply equally well for hot and cold thermal systems when 
appropriate thermal conditions are used. 

2.3.2.2 Hot Oil Thermal Stability 

An important aspect of the cost of organic Rankine concepts is the thermal 
stability of the oil used as the heat transfer fluid. Consequently, the thermal 
stability data developed at Rocketdyne( 25 ,27 ) has been incorporated into the 
analysis effort of this study. An Arrhenious-type equation is used to relate the 
decomposition of the oil to the peak system temperature and used with the 
Rocketdyne estimate( 25 ) of the average storage temperature. Decomposition 
data for both Therminol 66 and Caloria HT-43 were obtained (and are in reasonable 
agreement with the data reported in Reference 28) and used to compare the storage 
system costs for the two fluids. Caloria HT-43 was found to be less expensive 
and, therefore, was the fluid used for this study effort. 

The decomposition rate equation used for Caloria HT-43 in the presence of 
solids is as follows: 

dr = 1.53 x 106 exp (21,000/Tc
0

) ... (13) 

where dr = wt %/hr and Teo is in °K. 

The experimental decomposition rates were found to be only slightly differ-
ent without the presence of solids for Caloria HT-43 so the same decomposition 
rate can be used for either. This decomposition rate is divided by the same time 
factor of 6.4 from Reference 26 to obtain the predicted loss rate for the system. 
Replacement costs are then considered as recurring costs in the analysis. 

2.3.2.3 Battery Storage System 

A survey of the literature on battery storage systems has been made, but did 
not turn up specific information on either system efficiency or costs. Table 3 
from Reference 29 indicates the type of information found during the survey. 
Cycle life data and performance data in the literature is not relatable to either 
charge/discharge ratio or to the depth of discharge. Consequently, a fixed 
(0.85) battery efficiency factor is used in STESEP which is independent of the 
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TABLE 3 
CHARACTERISTICS OF STORAGE BATTERIES 

Batteries Performance 

Temper- Current {April 1976) 
Systems Electrolytes ature W/kg life Cost (OF) Wh/kg !No. of Wh/kg (peak) ycles) ($/kWh) 

Near Term (1-2 tears} 

lead/Acid Aqueous H2so4 Ambient 22 50 1000 80 22 
(SOA) 

Intermediate Term (3-5 xears 

lead/Acid Aqueous H2so4 Ambient - - - - 50 
(Advanced) 

Zn/Cl2 Aqueous Znc12 Ambient <66 <60 <100 >2000 130 

long Term {5 iears} 

Li/MS Li Cl-KC! 400-450 100 120 <250 >2000 150 
eutectic 

Na/S 13-alumina 300-350 90 100 <200 >2000 170 

Na/SbC14 B-alumina + 200 - - 5000* >2000 110 
NaA1C14 

Redox Aqueous Ti/Fe Ambient 22 - 50 - 55 
chloride 

*2-Wh laboratory cell. 

Projected 

Cycle Cost W/kg life ($/kWh) 

50 >1750 45 

50 >1500 50 

100 >1000 50 

150 >1000 40 

120 >1000 40 

70 >1000 40 

50 >1000 30 



charge/discharge rate and depth of discharge. This yields an overall in/out 
energy efficiency for the battery storagesystemof0.722 (i.e.0852). Thedc-to-ac 
inverter efficiency is assumed to be 0.95. Based on an optimistic estimated life 
of 7 years, a recurring cost of 20% of the battery cost has been assumed to in-
clude both battery replacement and maintenance of the battery system. 

2.3.3 Rankine Power Conversion Systems 

The Carnot efficiency of a thermal power conversion system is defined by the 
upper and lower cycle temperature limits and represents the maximum efficiency 
attainable for those limits. Practical systems such as the Rankine system in-
cluded in the STESEP program will operate at a fraction of this efficiency so 
that the efficiency of a Rankine cycle power conversion system can be represented 
by* 

= R ( T t - Tend) npcs c Tt .•. (14) 

where Re will be about 0.5~ 3o) 

The condensed working fluid will be heated by turbine exhaust gases in 
organic Rankine systems in a recuperator, which normally will be 90 to 95% effec-
tive. The recuperator model used in STESEP to determine the working fluid tem-
perature at the inlet to the main heat exchanger is derived from an energy balance 
for a fixed effectiveness recuperator. It can be expressed as: 

... (15) 

This assumes equal vapor and liquid specific heat with a 90% recuperator 
effectiveness and given a reasonable estimate of the conditions for operation of 
the interconnecting heat exchanger (IHX) between the collector fluid and the 
turbine working fluid. 

2.3.4 HVAC Systems 

Reject energy from the Rankine PCS can be cascaded to an absorption chiller 
system to provide cooling for the building. A simplified model of the absorption 

*See List of Symbols 
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system coefficient of performance (COP) is used as a fixed fraction of the 
Carnot refrigeration cycle in the same manner as used for the Pcs! 1) A nominal 
35% ratio(l) is used in STESEP giving: 

Tes Tct - Ta - 6Tcnd 
COP= 0.35 TT + tT _ T 

ct a end cs 
... (16) 

Because of efficiency problems with lithium bromide-water absorption systems, 
a PCS condenser temperature of greater than 105°C (220°F) is required to include 
the absorption refrigeration system in the analysis. The cold thermal energy 
storage system discussed in Section 2.3.2 is automatically included in the anal-
ysis when absorption refrigeration systems are analyzed to provide maximum utili-
zation of the energy. 

When the Rankine cycle PCS is operated at condenser temperatures below 105°c 
(220°F), the reject PCS energy is exhausted through the dry cooling tower dis-
cussed in Section 2.3.5 and an electrically driven vapor compression refrigera-
tion system is used to meet the refrigeration demand load of the building. The 
COP for the vapor compression refrigeration system is assumed to be 4.5. 

The building heating system is assumed to use the PCS reject energy at the 
condenser temperature with 100% efficiency. Fossil fuel is assumed to be used 
during periods when the building heating and process heat (hot water) demand 
exceeds the energy available from the PCS. The fossil fuel is assumed to be 
utilized with a 75% thermal efficiency. 

2.3.5 Heat Exchangers 

Heat exchangers for Rankine cycle STES application are state-of-the art, as 
are control techniques for the exchangers. 

The main heat exchanger serves as high-pressure boiler for the turbine work-
ing fluid (which can either be a saturated or superheated vapor) using collector 
fluid as the energy source. An additional complication is the provision for 
firing the boiler with fossil fuels, which should not increase the cost signifi-
cantly over conventional boilers. 

The cooling tower requirement will probably be met with an air-cooled heat 
exchanger, either as a direct condenser for the turbine vapor or as an indirect 
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heat dump using a liquid coolant. Both techniques are in use, with selection 
made based on the relative location of the turbine and cooling tower. 

To model the cooling tower, an air flow rate was assumed that gave an effec-
tiveness of 0.7 for direct condensation of the excess turbine exhaust, which was 
not required for the building load. 

For simplicity in simulation of the main heat exchanger operation, the effec-
tive mean temperature difference (MTD) for the heat exchanger was specified as 
5.5°c (10°F) and the overall heat transfer coefficient (U) was based on the 
calculated heat transfer coefficient for collectors calculated from Equation 7. 
Using equal thermal capacity streams for both the turbine and collector fluids allows 
a simple estimate to be made for the area required for the heat exchanger since: 

q = U •A• MTD use x ... (17) 

For supercritical systems, the 11 pinchpoint 11 does not present any problems 
and the solar collector inlet (Tc;) and outlet (Tc

0
) temperatures are directly 

calculated. 

2.3.6 Deterministic Insolation Estimates for STES Performance Evaluation(!) 

Performance predictions for solar energy systems require a mathematical model 
of the energy incident on the collectors. It is possible to model the long-term 
behavior of a solar energy system using actual hourly insolation data recorded 
for the location in question {site) as an input to a transient simulation pro-
gram like TRNSYS~ 4) Such an approach probably gives the best estimate of the 
performance of a specified solar system. However, it can be expensive if many 
sites require evaluation, since the simulation must extend over a long period 
of time to have meaningful predictive value. 

A second difficulty with the use of hourly insolation data is its limited 
availability. Complete hourly data for both total horizontal* and direct normalt 
radiation at 33 sites over a 2-year period has been prepared on tape by the 
Aerospace Corporation( 3l) and 26 sites by Sandia~ 32 ) The two sets overlap to a 

*Sum of direct {beam) and diffuse radiation falling on a horizontal surface. 
tDirect {beam) radiation falling on a surface normal to the sun's direction. 
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large extent, giving a total of 41 sites for which detailed hourly data is avail-
able. While these sites are fairly well distributed geographically, they do not 
cover all regions of possible interest. For example, Southern California is 
represented by seven sites, but there are none for the San Francisco bay area 
(Northern California). 

Data on total horizontal radiation exists for many other sites. However, 
it is often incomplete and covers variable periods of time. Moreover, hourly 
values of direct normal radiation must be estimated analytically from the total 
horizontal values. 

In summary, detailed hourly data is conveniently available for only a limited 
number of sites, and even for those, application of the data is a costly process 
requiring large computer facilities. It has been judged inappropriate to the 
requirements of the Reference 1 study of commercial application of STES where 
the primary objective was concept evaluation and system definition. 

At the other extreme, solar energy input to a system can be estimated from 
average values obtained by numerical integration of the hourly data referred to 
above. Both the Sandia Laboratories and Aerospace Corporation tape data have 
been processed to yield daily averages of total horizontal and direct normal 
radiation on a monthly basis. (32 , 33 ) More extensive tables are available for 
average daily values of total horizontal radiation in Reference 34 (80 sites) and 
Reference 35 (117 sites). The Climatic Atlas( 35 ) also contains maps from which 
insolation can be estimated for any site in the United States. 

In order to evaluate the useful energy input from average daily values, the 
latter must be modified by factors which account for the effect of collector 
aperture orientation and thermal efficiency. These factors can be estimated well 
enough to carry out preliminary screening. They depend, however, on site loca-
tion, the time of year, and the detailed systems configuration in a complicated 
way. Any attempt to define optimum configurations or to assess the influence of 
component parameters requires a more detailed approach. 

The method described here is eclectic, incorporating the features of several 
methods already in use. It attempts to make maximum use of predictable factors, 
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introducing random factors associated with local weather in the simplest way 
possible. This approach lends itself to a formulation using simple mathematical 
expressions suitable for use by hand calculators and small computers. (35 ) 

2.3.6.1 Insolation Model 

2.3.6.1.1 Extraterrestrial Solar Radiation 

Solar radiation reaching the top of the earth's atmosphere may be predicted 
quite accurately. Its intensity is a near constant, Ic, modified only by a 
small correction, R, which takes into account the effect of seasonal variations 
in the earth-sun distance. According to Reference 37, this distance correction 
is approximately: 

R = 1.0 + 0.033 cos (360 n1/365) ... (18) 

where n' is the day of the year. Monthly values of Rare also given in Table 4. 

The angle of incidence on a horizontal surface (the zenith angle 0
2

) depends 
upon the geographic location (latitude¢), the solar declination o, and the 
local solar time, as measured by the hour angle h. 

cos 0 = sin o sin¢+ cos o cos¢ cos h z • •. ( 19) 

The solar declination is a function of the day of the year and is given 
approximately by: 

6 = 23. 45 sin [ 284 + n' ( 360/ 365) ] 

The declination is also given in Table 4. 
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TABLE 4 
SEASONALLY VARYING SOLAR RADIATION PARAMETERS 

Date R c5 (degree) A/le B 

January 21 1.031 -20.0 0.909 0.142 
February 21 1.021 -10.8 0.897 0.144 
March 21 1.006 0.0 0.876 0.156 
Arpil 21 0.989 +11.6 0.839 0.180 
May 21 0.975 +20.0 0.815 0.196 
June 21 0.968 +23.45 0.804 0.205 
July 21 0.969 +20.6 0.801 0.207 
August 21 0.979 +12.3 0.818 0.201 
September 21 0.999 0.0 0.850 0.177 
October 21 1.011 -10. 5 0.881 0.160 
November 21 1.026 -19.8 0.902 0.149 
December 21 1.033 -23.45 0. 911 0.142 

2.3.6.1.2 Estimation of Direct {Beam) Radiation During Noncloudy Times 

On noncloudy days, most of the extraterrestrial radiation penetrates the 
atmosphere with small change in direction. A portion of the intial radiation 
is absorbed by molecular atmospheric constituents; another fraction is scattered 
out of the beam direction by molecules, droplets, and suspended solid particles. 
The attenuation, which depends upon the concentration of absorbers and scatterers 
in the atmosphere, can be considered to have a local component and a general 
component which exhibits systematic seasonal variations. 

The ASHRAE Handbook of Fundamentals( 38 ) presents a semitheoretical expression 
for direct normal radiation, ION' which follows this approach. It is expressed 
in terms of an apparent extraterrestrial irradiaton A and an extinction coeffi-
cient B based on air mass. 

ION= CN. A. exp (-B/cos e,) •.• ( 21) 

where ION is the irradiation on a surface normal to the beam. The term A includes 
both the effects of upper atmosphere absorption and of variable earth-sun distance. 
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Table 4 gives monthly values of A and B based upon empirical data from Refer-
enct 38. These values have been used in the numerical results reported here. 
The factor CN is a 11 clearness number" which characterizes the average local trans-
mittance of the atmosphere. It may exhibit seasonal variations. 

2.3.6.1.3 Estimation of Diffuse Radiation 

A certain amount of the radiation scattered by atmospheric constituents and 
cloud surfaces reaches ground level from directions other than that of the direct 
beam. The amount of this diffuse radiation received is a complicated function of 
thestateof the atmosphere, the sun's position, ground reflectance, and surface 
orientation. The difuse component is estimated by means of two simplifying 
assumptions: (1) that the diffuse radiation is independent of the orientation 
of the receiving surface and (2) that the direct normal radiation is linearly 
related to the "percent possible, 11 the fraction of total (direct plus diffuse) 
radiation fa 11 i ng on a horizontal surface at ground level compared with the extra-
terrestrial value. These assumptions result in the following relationship 
between direct and diffuse radiation intensities: 

= , r DN • cos ez + r DF + s' 
a I · R · cos 0 

C Z 

.•. ( 22) 

The coefficients a' ands' are empirically determined by linear regression analysis 
of simultaneous measurements of both total and direct components. Although they 
are found to depend to some extent on site location and time of day, they are 
treated as constants in the present application. 

2.3.6.1.4 Effect of Cloud Cover 

Solar radiation exhibits periods of reduced intensity associated with the 
obscuration of sunlight by clouds. The effects range from long-term overcasts, 
which may last for days, to broken cloud cover, which may block the sun for only 
a fraction of an hour. The net effect of cloud cover is to reduce the average 
radiation measured at a given site below the unclouded values. Cloud effects 
are dependent on local atmospheric characteristics and vary seasonally. In the 
present method, the effect of cloud cover is approximated very simply. On the 
average, for each hour 
to be a constant, CF. 
considered to be nil. 

of the day, the proportion of unclouded time is assumed 
During the remaining fraction (1-CF), solar radiation is 
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2.3.6.2 Approximation of Solar Insolation Usable by Concentrating Systems 

The deterministic method of approximating solar insolation described above 
allows the STESEP to evaluate flat plat, I-axis, and 2-axis tracking-distributed 
collectors directly, but cannot directly predict weather outages as described in 
References 39 to 41. 

To estimate realistically the usable energy collected by the STES, the analysis 
approach used in Reference 39 has been adopted and is based on the percent pos-
sible sunshine (PP) data for the site. For conceptual design purposes, days 
having ~so% of possible sunshine (PP) will allow this decrease in energy produc-
tion for the STES caused by weather outages to be estimated. Reference 40 also 
presents this type of information and agrees reasonably well with Reference 39, 
when the number of cloudy days per month is used as the parameter as shown in 
Figure 10. The curve from Figure 10 is used to estimate outage losses in STESEP, 
based on the monthly PP data for each site, and to provide good predictions of 
the energy displacement over the life of the system. 

Fraction Sunny Days (FSD) = 0.05 + PP/100 ... ( 23) 

This methodology allows a number of conceptual designs to be evaluated, at 
minimum expense, to determine the proper operating strategy, in addition to 
determining equipment sizes, costs, and energy output. Because of the weather 
outages, a significant amount of the design load for the building will have to 
be supplied by conventional means. The standby fossil fuel system can provide 
this load, or it can be obtained from the utility during off hours, stored, and 
used as needed during high-load periods. The "make or buy" decision is depend-
ent on the relative costs of fuel and electricity at the site, as well as on the 
STES design itself. The STESEP Program analyzes both 11 making 11 and 11 buying 11 of 
this energy, to determine the most cost effective way to produce the site load 
profile as described in the following sections. 

2.3.7 Approximation of Auxiliary Energy Requirements 

A maximum value could be specified for the electric energy purchased from the 
uti 1 i ty, which requires the STESEP program to size the PCS to produce a 11 demands greater 
than this value with use of fossil fuel augmenting the solar energy available to 
meet these demand loads. A minimum can also be specified for the energy purchased 
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from the utility which requires the STESEP program to size batteries and col-
lectors to generate and store excess energy overnight for use during the following 
day. The STESEP program is, therefore, capable of evaluating a wide range of make 
or buy conditions for each STES design concept. This feature of the program was 
found to be necessary in order to maintain credibility for the conceptual STES 
designs, which tend to produce very poor load profiles from the utilities 1 point 
of view, as discussed in Reference 42. The weather outages discussed previously 
are the primary cause of this problem, since they prevent the peak demand load 
of the building from being reduced by the STES and required that the utility add 
additional power generation capability. This has been recognized as a problem 
by all investigators( 39 ) and must be considered as part of the evaluation method. 

STES sized to provide 40% or less solar contribution may not generate enough 
energy to cost effectively utilize either thermal or battery storage (as illus-
trated in Figure 11 for a photovoltaic STES concept) for an average winter day. 
It can be seen that the peak purchased power for a day in February, for example, 
has not been reduced by the STES; although a 30% reduction in total energy has 
been accomplished. Even with current utility contracts, the demand charge will 
significantly increase the cost of electricity to the user for the full ratchet 
period of 1 to 12 months. This problem applies to all STES concepts considered 
thus far and, additionally, a period of clouds (low insolation) will occur every 
year with a high probability of requiring purchase of all electric energy for 
several days a year. A 6- or 12-month ratchet in the utility contract would, 
therefore, make the cost of energy prohibitive to the facility operator if peak 
sharing use of auxiliary energy is not used. 

2.4 COST ALGORITHMS 

A number of algorithms, based on 1976 price estimates, have been developed 
for the capital costs of candidate capital equipment and items, redundancy 
effects, and operations and maintenance costs. They are discussed in the follow-
ing paragraphs. 

2.4.1 Capital Equipment Costs 

Algorithms for the installed costs for the several candidate capital equip-
ment items considered were obtained from References 43-49 and are presented in 
Table 5. Preliminary computations indicate that the collector, storage, and 
power conversion systems will approach 90% of the initial capital outlays. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

Unit 

Collector: 
a) Distributive 
b} Hel iostats 
Storage: 
a) Hot Storage 

b} Cold Storage 
c) Battery 

Packaged Steam Boilers 

Refrigeration: 
a) Centrifugal 

Chillers {Electric) 
b) Centrifugal 

Chillers (Engine) 
c) Absorption 

Chillers (Steam) 
Power Conversion Systems: 
a) Sunstrand Organic 

Rankine Cycle 
b} Rankine Cycle - Steam 
c) Rankine Cycle - Steam 
Shell & Tube Heat 
Exchangers 
Cooling Towers - Dry 

TABLE 5 
COST ALGORITHMS FOR CAPITAL EQUIPMENT 

Size Range Algorithm Reference 

- $100/m2 47 
$65/m2 47 

150 - 150,000 ft3 Cost= $352 (vol, ft3) 0·515 44,49 
+ $12 (vol, ft3) 

150 - 150,000 ft3 Cost= $352 (vol, ft3) 0·515 49 
- Cost= $50 (size, kWh) 43 

+ $75 (system size, kW) 
104 - 105 lb Steam/h-Unit Cost/Unit= $3690 (lb Steam/ 43 

h Unit)0.32 

250-2000 tons Cost/Unit= $4240 (tons/ 43 
Unit)O. 61 

500-2000 tons Cost/Unit= $2270 {tons/ 43 
Unit)O. 745 

250-1200 tons Cost/Unit = $2194 (tons/ 43 
Unit)0.7 

100-1000 kW Cost= $3815 (kW/Unit)0.66 45 

1-1000 kW Cost= $22,700 + $350 (kW) 46 
1000-1,000,000 kW Cost= $2150 (kW)0.825 46 
20-2000 ft2 Cost/Unit= $300 (Area, ft2)0.56 48 

- Cost/Unit= $40 (Area, ft2)0- 6 49 



The several power conversion system cost algorithms have been compared for 
a 1-MWe unit. The costs ranged from $365,000 to $375,000. (Costs for equivalent 
"conventional 11 fossile fuel-fired gas turbine and 900-rpm reciprocating engine 
installations, derived from Reference 43, were $357,000 and $500,000.) 

2.4.1.1 Estimated Cost of Small Central Receivers and Towers 

In order to compare the performance of small central receivers with distri-
butive collectors for STES commercial applications, algorithms for cost of the 
receiver and tower are required. In Reference 46, it was suggested that $100/m2 

should be used for the installed cost of distributed collectors and $65/m2 for 
the heliostats used in a central receiver system. The cost of the receiver/tower 
was not given. 

Reference 21 gives estimates for three small systems designed at the Univer-
sity of Houston and refers to previous analyses of large systems (100-200 MWe). 
Reference 19 describes one of these large systems in detail and has been used in 
conjunction with References 21 and 23 as the basis for this cost estimate. 

In Reference 25, the height requirement for the central receiver tower is 
discussed. It is shown that the tower height will be approximately proportional 
to the square root of the heliostat area. 

The cost of the tower itself will be proportional to the height of the tower 
raised to a power greater than unity. If the cost is assumed proportional to 
the square of the height, then the tower cost will be proportional to the helio-
stat area. Since the absorber area is also proportional to the heliostat area 
for a given concentration ratio, the total costs of the tower/receiver/plumbing 
should be related directly to the heliostat area. 

Figure 12 shows the unit costs ($/m2) presented in References 21 and 19 for 
six systems ranging in size from a heliostat area of 1,100 to 855,000 m2. These 
data indicate that 17 $/m2 is a reasonable cost estimate over this range. The 
central receiver reference costs can, therefore, be related to the heliostat 
area by the algorithm: 

Central Receiver Cost= (65 + 17) $/m2 = 82 $/m2 
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2·.4.1.2 Effect of Redundancy of Subsystem Capital Costs 

A scaling relationship was developed and the effect of selected subsystem 
redundancy on cost was assessed. Figure 13 shows the approximate effect of the 
number of units used to provide redundancy on the capital cost of a system when 
the unit costs are a power law function of the component size. That is, 

Unit Cost::. (Unit Size)n ... (25) 

The exponent, n, normally varies between 0.5 and 0.7. (43 ) To provide 
dundancy, one extra unit is assumed to be needed in the system ·so that the 
cost is given by: 

re-
total 

Total.Cost:: (Desig~ Caeacity + 1). (unit Size)n Unit Size .•. {26) 

As indicated in Figure 13, the cost of the redundant system is approximately 
double that of the nonredundant system independent of the number of components 
used with very little effect indicated for the power law exponent on the system 
cost. 

2.4.2 Operations and Maintenance Costs 

The operations and maintenance cost algorithms for both attended and 
11 unattended 11 organic Rankine cycle plants were estimated based on the analyses 
of Reference 43. The data were developed by allocating supervision, operations, 
and maintenance labor as a function of plant size and operating hours in accord-
ance with the guidelines suggested in Reference 43. Current quotations were 
used for labor rates {indirect, direct, and contract maintenance); materials and 
supply costs were estimated as a function of the number of kilowatt hours gen-
erated annually. Table 6 presents the allocations by category for attended 
Rankine cycle plants while Table 7 presents the allocation for unattended Rankine 
cycle plants. Figure 14 shows the effect of installed capacity on the operation 
and maintenance cost contribution to the cost of electricity from the plant. 
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TABLE 6 
OPERATIONS AND MAINTENANCE COSTS - FULLY ATTENDED RANKINE CYCLE 

Installed Power Materials & O~erators Maintenance 
Capacity (Norn.) Generatftd Supplies Cost Supervision Direct Contract Cost 

(MWe) (kWh x 10 /yr) ($1000/yr) Number ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) ($/kWh) 

0.6 3 12 3 81 35 33 14 5.8 
1.0 5 20 3 81 35 33 23 3.8 
5.0 25 100 4 108 35 99 46 1. 6 

10.0 50 200 5 135 35 165 92 1. 3 
20.0 100 400 5 135 35 165 138 0.87 
40.0 200 800 5 135 35 165 138 0.64 

------
)::, ...... 
I 

.i::,. ....... ....... co 
I ...... 
co 

TABLE 7 
OPERATIONS AND MAINTENANCE COSTS - "UNATTENDED" RANKINE CYCLE 

Installed Power Materials & Oeerators .. Maintenance 
Capacity (Norn.) Generatgd Supplies Cost Superv i ·sf on Direct Contract Cost 

(MWe) (kWh x 10 /yr) ($1000/yr) Number ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) ($/kWh) 

0.6 3 12 0 0 35 66 14 4.2 
1.0 5 20 0 0 35 66 23 2.9 
5.0 25 100 0 0 35 99 46 1.1 

10.0 50 200 0 0 70 165 92 1.1 
20.0 100 400 0 0 105 165 138 0.81 
40.0 200 800 0 0 105 165 138 0.60 
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The operations and maintenance costs for attended Rankine cycle plants are well 
represented by the equation: 

Cost/year= 132 (kWh/year) 0•523 ... (27) 

The operation and maintenance cost algorithm for a nontracking photovoltaic 
STES is also shown in Figure 14. The data were developed in a similar manner to 
the Rankine cycle plant costs by allocating supervision operations and mainte-
nance labor as a function of plant size and operating hours as shown in Table 8. 
The algorithm for photovoltaic STES is given by: 

Cost/year= 80,000 + 2.68 x 10-3 (kWh/year) ... ( 28) 

2.4.3 Approximation of Purchased Power Costs 

The solution to potential load profile problems appears to lie in the com-
bination of a peak-shaving system or a load-leveling system with the STES, so 
that purchased power in the evening and early morning may be stored if desired 
for use during low insolation periods whether in the evening or during cloudy 
days. The alternate approach is to generate the energy onsite with fossil fuel 
backup as part of the STES and reduce the peak purchased power as required. 
Either or both of these techniques can be used to produce load profiles that are 
acceptable to utilities; however, to evaluate the economic aspects requires 
definition of the cost of purchased electricity at specific sites fairly accurately. 
Reference 50 publishes a rate summary for commercial users of electricity which 
can be used to define the constants in an empirical equation of the form: 

r C 
$/kWh= c1 (kW/kWh)v2/kW 3 ... ( 29) 

This type of equation acknowledges that current rate schedules have both a de-
mand and energy charge and can, therefore, approximate the charges that will occur 
in the cost of purchased power as the load profile of the building changes. Fig-
ure 15 shows the variation in cost of electricity for the sites considered in this 
study. A sample determination of the coefficients (C1,c2,c3) is given in 3.1.3.3. 

2.4.4 System Annualized Costs 

The figure of merit used by the STESEP Computer Program to evaluate the 
various STES concepts is the JPL/ERDA(1 5) 11 annualized cost. 11 This is, in effect, 
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TABLE 8 
OPERATIONS AND MAINTENANCE COSTS - SOLAR PHOTOVOLTAIC CYCLE 

Installed Power Materials & O~erators Maintenance 
Capacity (Norn.) Generatftd Supplies Cost Supervision Direct Contract Cost 

)::» 
(MWe) (kWh x 10 /yr) ($1000/yr) Number {$1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) ($/kWh) 

...... 
I 

u, -...J 
0 OJ 

I 
0.6 3 6 0 0 35 33 14 2.93 

...... 1.0 5 10 0 0 35 33 14 1.84 
OJ 

5.0 25 50 0 0 35 33 28 .58 
10.0 50 100 0 0 35 50 40 .45 
20.0 100 200 0 0 35 75 60 • 37 

40.0 200 400 0 0 35 100 80 .31 
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a present value analysis of the total system life cycle costs. This concept 
considers the effects of both inflation (g) of capital costs (CI) and escalation 
in the cost of fuel and operating expenses (gf). 

Reference 15 gives the complete development of this method, which relates 
the annualized cost of the systems to the following relationship between capital 
investment (CI) and recurring cost (RCC): 

AC= (FCR x CI + CRF x RCCP )/(1 + g)P 
pV V 

.•. ( 30) 

From the 11 annualized cost 11 of the building configuration without a solar 
total energy system, an incremental return on investment (6R.0.!.) can be com-
puted as: 

•.. (31) 

In a like manner, the 11 breakeven 11 cost of electricity (B.E.C.E.) can be 
computed for each system as follows: 

= (_1_) x [FCR(CISTES - CI0 )pv + CRF(OPMSTES - OPM 0 )pv] 
B.E.C.E. kWh CRF(kWh

0 
- kWhSTES)pv .•• (32) 

All of these cost parameters are sensitive to the specific cost parameters 
(g, gf' k, system life, etc.) but are useful for comparing systems for fixed 
economic parameters. Limit analysis can then be used to evaluate the effects 
of uncertainties in the cost parameters. 

2.5 SITE AND BUILDING DATA 

Characterization of the environment at the site location and the building 
demand loads is necessary before the STESEP Computer Program can be used to 
evaluate the application of an STES to meet all or part of the building energy 
requirements. 

2.5,1 Site Environment Characterization 

Tables 9 through 20 illustrate the site information necessary as input 
parameters to the STESEP Computer Program. The loc~tions in these 12 tables 
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CLIMATE AND INSOLATION SUMMARY 

T/\ULL 

S!H N/\l\1L ALBUQUERQUE, N._M_. ______ LATITUDE 35.0!;0 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP ___ 8_·3 ____ 0 c, __ 9_4 ___ °F; 
WIND SPEED _____ L_Q_W ___ _ 

SUMMER - 2 1/2% 
DRY BULB TEMP ___ 34_.4 ____ 0 c,_--'9~4 ___ °F;} 
WET BULB TEMP 18.3 °c, 65 °F 

DEGREE DAYS: 

oc 
HEATING OF 

OC 
COOLING OF 

JAN FEB 
513 389 

924 700 

0 0 

0 0 

PERCENT POSSIBLE SUNSHINE: 

70 72 

IVIAR APR MAY 
331 156 32 

595 282 58 

0 3 37 

0 6 67 

72 76 79 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
oc 
OF 

8.0 11.2 14.9 20.6 25.7 

46.4 52.2 58.8 69.1 78.3 

OC 
MIN D.B. OF 

-4.7 -2.5 0.4 5.7 11.1 

23.5 27.5 32.7 42.2 51.5 

AVERAGE DAILY INCIDENT RADIATION: 

kWh/m2 
HORIZ 

Btu/ft2 
3.58 4.50 6.00 7.30 8.29 

1136 1427 1903 2116 2630 

kWh/m2 
DIRECT 

Btu/ft2 
6.77 7.11 8.48 9.10 10.00 

2149 2254 2591 2887 3172 

EFFECTIVE /\TMOSPHERE FACTORS: 

JUN JUL I AUG 

o o o 

o 0 0 

162 236 200 

291 425 360 

84 76 75 

31.4 32.9 31.1 

88,6 91.2 88.0 

16.2 18.8 17.9 

61.1 65.8 64.3 

8.63 7.39 7.23 

2738 2343 2292 

10.40 8.43 8.90 

3299 2691 2824 

LONGITUDE _ 1_0_6_·6_20_ 

DESIGN RELATIVE 
HUMIDITY 

SEP OCT I NOV DEC 

4 121 342 496 

7 218 615 893 

89 4 0 0 

160 7 0 0 

81 70 

27.9 21.5 13.4 9.1 

82.3 70.7 56.1 48.3 

14.2 7.4 -0.5 -3.6 

57.6 45.3 31.1 25.6 

5.87 6.23 3.80 3.48 

1861 1658 1205 1105 

7.37 8.19 6.90 7.23 

2337 2599 2189 2292 

CLE.I\RNESS NO. o.96 o.87 o.99 o.92 1.11 1.11 1.03 1.10 o.93 1.05 o.97 1. 14 

c LOUD F /\CT on 1-o_.s_4~-o_.8_5-1._o._85-1._o_.s_1 -'-o_.8_9....J.._o._92-'-_o_.a_1 ...... o_.8_s_6...__o_.9_• ...... _o_.8_s ....__o_.8_s_.__o_.8_
4
_. 
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CLIMATE AND INSOLATION SUMMARY 

TABLE _ 10~-----

SITE NAME BLIJ!c_ ~1~'.M_A_ss_. ______ LATITUDE 42.22° 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BU LB TEMP ___ -_12_-2 ____ Oc, __ 1_0 ___ °F; 
WIND SPEED _____ H....;IG;...H __ _ 

SUMMER - 2 1/2% 
DRY BULB TEMP __ ....;3'""1-;...1 ____ Oc, __ 88 ____ °F;} 
WET BULB TEMP 23-3 0 c, 74 °F 

DEGREE DAYS: 

OC 
HEATING OF 

OC 
COOLING OF 

JAN 
668 

1203 

0 

0 

FEB MAR 
5B3 513 

1050 924 

0 0 

0 0 

PERCENT POSSIBLE SUNSHINE: 

47 56 1 57 

APR MAY 
312 151 

561 271 

0 6 

0 10 

56 59 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
OC 
OF 

2.8 2.8 7.2 13.3 

37 37 45 56 

OC 
MIN D.B. OF 

-5 -5 -.6 4.4 
23 23 31 40 

AVERAGE DAILY INCIDENT RADIATION: 

HORIZ 
kWh/m2 
Btu/ft2 
kWh/m2 

DIRECT 
Btu/ft2 

1.87 

593 

4.06 

1288 

2.68 4.03 

850 1278 

4.64 5.94 

1472 1884 

EFFECTIVE ATMOSPHERE FACTORS: 

5.07 

1608 

6.33 

2008 

20. 

68 

10 
50 

6.00 

1903 

7.03 

2230 

JUN JUL AUG 
30 3 8 

54 6 14 

38 108 83 

69 195 150 

62 64 63 

24.4 27.8 26.7 

76 82 80 

15 18.3 17.2 
59 65 63 

6.33 5.71 5.23 

2008 1811 1659 

7.10 6.42 6.42 

2252 2036 2036 

LONGITUDE _ 7_1._o2_0
_ 

DESIGN RELATIVE 
HUMIDITY 

SEP OCT NOV DEC 
62 203 378 608 

111 366 681 1094 

18 0 0 0 

33 0 0 0 

61 58 I 48 48 

22.8 17.2 11.1 4.4 

73 63 52 40 

13.9 8.3 3.3 -2.8 
57 47 38 27 

4.17 3.35 1.71 1.90 

1323 1063 542 603 

5.60 5.48 3.42 4.26 

1776 1738 1085 1351 

CLEAnNESS NO. o.74 0.61 0.1s 0.82 o.s1 o.92 o.79 0.81 0.81 o.92 0.62 1.05 

CLOUD FACTOR o.69 o.75 o.76 o.75 o.n o.79 0.80 o.79 o.78 0.16 0.10 o.69 
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CLIMATE /\ND INSOLATION SUMMARY 

T/\llL[ _ 11 

Sl1 [ N/\M[ FT. WORTH, TEXAS _ _____ LATITUDE _ 3_2_-33_
0

_ LONGITUDE _ 97_·0_5_
0

_ 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP ___ -4_.4 ____ 0 c, ___ 24 ___ °F; 

WI ND SPEED _____ H_IG_H ___ _ 

SUMMER - 2 1/2% 
DRY BU LB TEMP ___ 3_7_·

8 
____ 0 c,_~_10

_
0 
__ °F ;} 

WET BULB TEMP 25.6 0 c, 78 °F 

DEGREE DAYS: 

oc 
HEATING OF 

OC 
COOLING OF 

JAN 
348 

626 

0 

0 

FEB MAR 
253 186 

456 335 

0 14 

0 25 

PERCENT POSSIBLE SUNSHINE: 

56 57 I 65 

APR MAY 
49 0 

88 0 

52 131 

94 236 

66 67 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
oc 
OF 

13_3 15.6 19.4 24.4 28_3 

56 60 67 76 83 

oc 
MIN D.B. OF 

1.7 3,9 6.7 12,2 17,2 

35 39 44 54 63 

AVERAGE DAILY INCIDENT RADIATION: 

kWh/m2 
HORIZ 

Btu/ft2 
3,06 3.86 5_19 5.20 6,81 

971 1224 1646 1649 2160 

kWh/m2 
DIRECT 

Btu/ft2 
5_10 5,61 6.71 5.67 7,55 

1618 1779 2128 1799 2395 

EFFECTIVE ATMOSPHERE FACTORS: 

JUN JUL AUG 
0 0 0 

0 0 0 

260 341 343 

468 614 617 

75 78 78 

33_3 35,6 35_6 

92 96 96 

21,7 23,9 23,9 

71 75 75 

6.81 7_42 7_10 

2160 2354 2252 

7.58 8-65 8.74 

2404 2744 2772 

DESIGN RELATIVE 
HUMIDITY 

SEP OCT NOV DEC 
0 33 159 294 

0 60 287 530 

212 78 6 0 

381 141 11 0 

74 10 I 63 58 

31-7 26, 1 18.9 14.4 

89 79 66 58 

20 13,3 6.7 2.8 

68 56 44 37 

5.27 4.39 2.94 2_61 

1672 1393 933 828 

6.47 6.42 4_61 4-55 

2052 2052 1462 1443 

CLEARNESS NO. 0.10 o.75 0.81 o.66 o.97 o.87 1.0 1.02 o.79 0.01 o.66 0.11 

CLOUD FACTOR o.75 o.76 0.81 0.01 0.02 o.87 o.88 o.88 o.86 o.84 o.79 o.76 

AI-78-18 
55 

40 % 



CLIMI\T[ /\ND INSOLATION SlJMMAIW 

T Alll l 12 

SI l l NA~ll LAKE CHARLES, LA _____ LATITUDE 30·120 LONGITUDE 93 ·220 

ASllnAE DESIGN CONDITION: 
WINTER - 97 1/2·;:, 

0.6 DRYGULBTEMP ______ _ oc, ___ 3_3 __ oF; 
MEDIUM WIND SPEED ________ _ 

SUMMER - 2 1/2% 
33.9 DRY BULB TEMP ______ _ oc, 
26.1 WET BULB TEMP ___ ~---oc, 

DEGREE DAYS: 

JAN FEB\ NIAR APR \MAY", JUN) JUL I AUG 

HEATING OF 
231 170 111 14 0 0 0 0 
415 306 200 26 0 0 0 0 

QC 12 16 30 79 176 262 299 296 
COOLING OF 21 29 54 143 316 471 539 533 

PERCENT POSSIBLE SUNSHINE: 

49 I 50 57 63 66 64 58 60 

AVERAGE Ai\1BIENT TEMPERATURE RANGE: 

MAX D.B, 
QC 
OF 

17.8 19.4 21.7 25.6 28.9 32.2 32.8 32.8 
64 67 71 78 84 90 91 91 

OC 
MIN D.B. OF 

7.2 8.9 11.1 14.4 17.8 21,7 22.8 22.8 
45 48 52 58 64 71 73 73 

AVERAGE DAILY INCIDENT RADIATION: 

HORIZ 
kWh/m2 
B111/!12 

2.42 3.68 4.55 5.20 6.48 5.87 6.23 5.68 
76& 1167 1443 1649 2055 1862 1976 1802 

DIRECT 
k\1Vh/m2 
Btu/ft2 

3.35 4.89 4.54 5.53 7.29 6.43 7.10 6.68 
1063 1551 1729 1754 2312 2040 2252 2119 

EFFECTIVE I\TMOSPfl[RE FACTORS: 

DESIGN RELATIVE 
HUMIDITY 

SEP I OCT I NOV I DEC 
0 20 98 188 
0 36 177 338 

223 106 18 4 

402 191 33 7 

64 10 I 60 46 

30.6 26.7 21.1 18.3 

87 80 70 65 

20.6 16.1 10 7.8 

69 61 50 46 

5.00 4.48 3.06 2.52 

1586 1421 971 799 

5.83 5.94 4.35 3.87 

1849 1884 1380 1228 

CLE/\llNESS NO. 0.48 0.10 o.68 o.67 o.90 o.77 o.96 o.85 0.77 o.76 o.64 o.69 

CLOIJD FI\CTOll 0.70 I 0.71 0.76 0.79 081 0.80 076 0.78 0.80 0.84 0.78 0.68 

AI-78-18 
56 

60 % 



CL\M/\H. AND 1NSOLAT10N SUMM/\fiY 

T/\!lll 13 

Sil f N/\1\1[ LOS ANGELES, CA. ______ LATITUDE 34 -050 LONGITUDE 118.230 

ASH8AE DESIGN CONDITION: 
WINTrn - 97 1/2';;, 

6.7 DRY BULB TEMP ______ _ oc, 44. OF; 
VERY LOW WIND SPEED _______ _ 

SUMMER - 2 1/2% 
22.2 DRY BULB TEMP ______ _ oc, 90 OF;} DESIGN RELATIVE 
21.1 WET BULB TEMP ______ _ oc, 79. OF HUIVilDITY 

DEGREE DAYS: 

JAN FEB IMARI/I.Pf1 IMAY: JUN I JUL IAUG'1 SEP ',OCT! NOV\ DEC 

HEATING OF 
oc 

COOLING OF 

149 
268 

6 
10 

:~: ;~ II 1~: 
14 10 25 

PERCENT POSSIBLE SUNSHINE: 

10 I 69 I 10 67 

33 
60 

28 
51 

68 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
oc 
OF 

18.3 18.9 20.3 21.4 

65.0 66.0 68.6 70.6 

oc 
MIN D.B. OF 

8.1 9.0 10.1 11.7 

46.6 48.2 50.2 53.0 

AVERAGE DAILY INCIDENT RADIATION: 

HORIZ 
l<Wh/m2 
Btu/ft2 
kWh/m2 

DIRECT 
Btu/ft2 

2.94 

931 

5.32 

1688 

3.32 5.23 

1054 1658 

4.86 7.32 

1541 2323 

EFFECTIV'E ATMOSPHErlE FACTORS: 

6.57 

2083 

8.00 

2538 

22.9 

73.3 

13.3 

56.0 

6.23 

1975 

7.03 

2231 

14 
25 

64 
115 

69 

25 1 

77.1 

14.9 

58.9 

6.27 

1988 

6.73 

2136 

0 

143 
258 

0 
0 

157 
282 

131 
236 

19 
35 

78 
140 

80 I 81 I 80 I 76 

28.5 28.5 28.0 25.2 

83.3 83.3 82.4 77.3 

17.0 17.2 16.3 14.1 

62.6 62.9 61.4 57.4 

8.13 7.49 5.87 4.19 

2579 2353 1861 1330 

9.32 8.84 7.50 6.23 

2957 2804 2379 1975 

63 121 
113 218 

24 0 
44 0 

79 72 

22.9 19.7 

73.3 67.5 

11.2 9.3 

52.1 48.8 

3.27 3.03 

1036 962 

5.63 5.16 

1787 1637 

CLEt-.nNEss NO. o.64 0.49 0.19 o.99 0.82 0.81 1.15 1.01 I o.s2 o.73 0.10 o.83 
CLOUD F/\CTOll 0.84 0.83 0.84 0.82 0.83 0.83 0.89 0.90 I 0.89 0.87 0.89 0.85 

AI-78-18 
57 

36 % 



CLIMATE AND INSOLATION SUMMARY 

Sl1 E N/\1\1[ MADISON, WIS. ______ LATITUDE 43.130 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BU LB TEMP ___ -2_o_.6 ____ Oc. ___ -_5 __ °F; 

WI ND SPEED _____ M_E_o_iu_M __ _ 

SUMMER - 2 1/2% 
DRY BULB TEMP ___ 3_1._1 ____ °C, ___ 88 ___ °F;} 

WET BULB TEMP 23·9 0 c, 75 °F 

DEGREE DAYS: 

OC 
HEATING OF 

OC 
COOLING OF 

JAN 
830 

1494 

0 

0 

FEB 
696 

1252 

0 

0 

PERCENT POSSIBLE SUNSHINE: 

IVIAR 
599 

1079 

0 

0 

[ 44 I 49 I 52 

APR MAY 
328 165 

591 297 

0 10 

0 18 

53 58 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
OC 
OF 

-3.3 -2.2 2.8 11.7 18.9 

26 28 37 53 66 

MIN D.B. 
OC 
OF 

-12.2 -12.2 -6.1 1.7 7.2 

10 10 21 35 45 

AVERAGE DAILY INCIDENT RADIATION: 

kWh/m2 
HORIZ 

Btu/ft2 
1.77 2.46 3.68 5.47 6.03 

563 780 1167 1734 1912 

kWh/m2 
DIRECT 

Btu/ft2 

3.52 4.18 5.10 6.90 7.29 

1116 1325 1617 2187 2311 

EFFECTIVE ATMOSPHERE FACTORS: 

JUN JUL I AUG 
40 8 22 

72 14 39 

53 96 86 

96 172 154 

64 70 66 

24.4 28.3 27.2 

76 83 81 

13.9 15.6 15 

57 60 59 

7.13 6.71 6.16 

2260 2127 1953 

8.67 8.19 7.97 

2448 2596 2526 

LONGITUDE 89·330 

DESIGN RELATIVE 
HUMIDITY 

SEP OCTINOV DEC 
96 263 sos 742 

173 474 909 1336 

8 3 0 0 

14 6 0 0 

60 56 I 41 38 

22.2 16.1 5.6 -1.1 

72 61 42 30 

10.6 4.4 -2.2 -8.9 

41 I 40 28 16 

4.50 3.26 1.80 1.56 

1427 1033 571 495 

6.30 5.26 3.43 3.35 

1997 1667 1087 1062 

CLEARNESS NO. o.78 0.62 0.12 1.00 o.94 1.09 o.98 1.04 o.96 o.94 o.86 1.00 

CLOUD FACTOR o.66 0.10 0.12 o.73 0.16 0.80 o.84 0.81 o.78 0.1s o.64 0.62 

Al-78-18 
58 

53 % 



CLIMATE AND INSOLATION SUMMARY 

TAULE _ 15 

SITE NAME MIAMI, FLA. _______ LATITUDE 25,8°0 LONGITUDE 8o.27o 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP ___ B . .:...3 ____ 0 c, ___ 47 ___ °F; 
WI ND SPEED ____ .:.:.M-=.E;;,.DI_U_M __ _ 

SUMMER - 2 1/2% 
DRY BULB TEMP ___ 3_2_·2 ____ 0 c, ___ 9_o ___ °F;} 
WET BULB TEMP 26 ·1 0 c, 79 °F 

DEGREE DA VS: 

DESIGN RELATIVE 
HUMIDITY 

JAN FEB !VIAR APR MAYIJUN JUL I AUG I SEP OCT NOV DEC 
oc 

HEATING OF 
OC 

COOLING OF 

29 

53 

67 

121 

37 9 

67 17 

81 118 

145 212 

PERCENT POSSIBLE SUNSHINE: 

66 12 I 13 

0 0 

0 0 

167 224 

300 403 

73 68 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
OC 
OF 

24.4 25. 26.7 28.3 29.4 

76 77 80 83 85 

MIN D.B. 
oc 
OF 

14.4 15. 16.1 18.9 21.1 

58 59 61 66 70 

AVERAGE DAILY INCIDENT RADIATION: 

kWh/m2 
HORIZ 

Btu/tt2 
3.81 4,79 5.90 6.67 6.68 

1205 1518 1870 2114 2118 

kWh/m2 
DIRECT 

Btu/ft2 

5.52 6.50 7.32 7.47 7.55 

1750 2061 2320 2368 2393 

EFFECTIVE ATMOSPHERE FACTORS: 

0 0 0 0 0 7 31 

0 0 0 0 0 13 56 

267 298 308 278 221 127 88 

480 536 555 501 397 229 159 

62 I 65 67 62 62 I 65 

31.1 31.7 32.2 31.1 29.4 26.7 25 

88 89 90 88 85 80 77 

23.3 23.9 23.9 23.9 21.7 18.3 15 

74 75 75 75 71 65 59 

5.97 6.42 5.71 4.80 4.90 3.80 3.65 

1892 2035 1810 1522 1553 1205 1157 
6.63 7.19 6.10 5.27 6.48 5.20 5.58 

2102 2279 1934 1671 2054 1648 1769 

CLEARNESS NO. 
CLOUD FACTOf! 

0.70 0.80 0.89 0.93 0.83 0.92 0.76 0.68 0.86 0.71 0.76 

0.85 0.85 0.85 0.83 0.79 0.81 0.82 0.79 0.79 0.81 0.8i 

AI-78-18 
59 

65 % 



CLIMATE AND INSOLATION SUMMAfW 

TAl3L[ 16 

SITE N/\M[ NASHVILLE_, T_E_N_N_. _____ LATITUDE __ 3_6_.1_2° LONGITUDE 86.68° 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP __ -8_·9 _____ 0 c, __ 1_6 ___ °F; 
WIND SPEED ____ Lo_w ____ _ 

SUMMER - 2 1/2% 
DRY BULB TEMP __ 3_5 _____ 0 c, __ s_s ___ °F;} 

WET BULB TEMP 25.6 °c, 78 °F 

DEGREE DAYS: 

DESIGN RELATIVE 
HUMIDITY 

JAN FEB IVIAR APR MAY JUN I JUL AUG I SEP OCT NOV DEC 
DC 

HEATING OF 
DC 

COOLING OF 

460 

828 

0 

0 

373 291 

672 524 

0 11 

0 19 

PERCENT POSSIBLE SUNSHINE: 

42 47 I 54 

98 25 

176 45 

16 85 

29 153 

60 65 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
OC 
OF 

9.4 10.6 15 21.7 26.7 

49 51 59 71 60 

MIN D.B. 
oc 
OF 

-0.6 0.6 3.9 8.9 13.9 

31 33 39 48 57 

AVERAGE DAILY INCIDENT RADIATION: 

kWh/m2 
HORIZ 

Btu/ft2 
1.97 2.89 3,71 5.07 6.13 

625 917 1177 1608 1944 

kWh/m2 
DIRECT 

Btu/ft2 

3.26 4.04 4.48 5.63 6.68 
1034 1281 1421 1786 2119 

EFFECTIVE ATMOSPHERE FACTORS: 

0 

0 

193 

348 

69 

31.1 

88 

18,9 

66 

5,77 

1830 

5.90 

1871 

0 0 6 100 277 424 

0 0 10 180 498 763 

252 233 122 29 0 0 

453 419 220 53 0 0 

69 68 69 65 I 55 42 

-
32.8 32.2 29.4 23.3 15 10 

91 90 85 74 59 so 

21.1 20.0 16.1 9.4 3.3 0 

70 68 61 49 38 32 

5.90 5.61 4.37 3.87 1.94 1.84 

1871 1779 1386 1228 615 584 

6.19 6.23 5.03 5.39 2.90 3.06 

1963 1976 1596 1710 920 971 

CLEARNESS NO. o.56 0.61 o.s6 0.11 o.84 o.69 0.16 o.79 o.65 0.00 0.40 o.64 

CLOUD FACTOR o.65 o.69 0,14 0.18 0.81 o.83 o.83 o.83 o.83 0.81 o.74 o.65 

AI-78-18 
60 

so % 



CLIMATE AND INSOL/\TION SUMMARY 
T/\ULE __ l} _____ _ 

Sil E NAM[ OMAHA. NEB_. _______ LATITUDE 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP 
WIND SPEED 

SUMMER - 2 1/2% 
DRY BULB TEMP 
WET BULB TEMP 

DEGREE DAYS: 

oc 
HEATING OF 

COOLING 
OC 
OF 

JAN 
730 

1314 
0 
0 

-18.3 
MEDIUM 

34.4 
25.6 

FEB IVIAR 
576 481 

1036 865 
0 0 
0 0 

PERCENT POSSIBLE SUNSHINE: 

57 59 i 60 

oc, 

oc, 
oc, 

APR MAY 
217 82 
391 148 

6 48 
10 86 

60 63 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.S. 
OC 
OF 

1.7 3.9 9.4 17.8 
35 39 49 64 

OC 
MIN D.B. OF 

-8.3 -6.7 -1.7 5 
17 20 29 41 

AVERAGE DAILY INCIDENT RADIATION: 

HORIZ 
l<Wh/m2 
Btu/tt2 
l<Wh/m2 

DIRECT 
Btu/112 

2.45 
777 
5.58 
1769 

2.89 4.19 
916 1328 
4.68 5.90 
1484 1870 

EFFECTIVE ATMOSPIIERE FACTORS: 

5.33 
1690 
6.60 
2092 

23.9 
75 
11.1 
52 

5.84 
1851 
6.55 
2076 

-1 

94 

78 

JUN I JUL 
11 0 
20 0 

131 210 
236 378 

69 76 

29.4 33.9 
85 93 
17.2 20.6 
63 69 

6.90 6.84 
2187 2168 
7.83 7.90 
2482 2504 

41.370 LONGITUDE _ 9_6·_02_0 _ 

OF; 

OF;} DESIGN RELATIVE 
OF HUMIDITY 

AUG I SEP OCT NOV DEC 
3 39 167 417 637 
6 71 301 750 1147 

186 61 11 0 0 
334 110 19 0 0 

71 67 66 I 59 55 

32.2 27.8 21.1 11.1 5 
90 82 70 52 41 
19.4 13.9 7.2 -0.6 -5. 
67 57 45 31 23 

5.94 4.67 3.84 2.40 2.10 
1883 1480 1217 761 666 
7.32 6.10 6.29 4.77 4.81 
2320 1934 1994 1512 1525 

CLEARNESS NO. o.94 o.64 o.75 o.841 0.81 o.97 o.93 0.00 o.88 o.99 o.89 
CLOUDFACTOR,_o_.1_6-!.._o_.1_1..J..._o_.1_8.....__o_.1_8-'--o._1s_,__o_.8_3--'--o-.8-7_..__o_.8_4...,___o_.8_2......__o._81_..__o_.1_1_,_ _ __, 

1.02 

AI-78-18 

61 

53 % 



CLIM/\T[ /\1\;D INSOL/\TION SUl\11\1/\llY 

T/\1\II 18 

Sil I NM,1I PHOEl\ilX, ARIZ _____ LATITUDE 33 .430 LONGITUDE 11 202° 

ASHl1/\[ DESIC 1-J CONDITION: 
WINTEf-l - 97 1,'2';:, 

11 DRY BULB TEMP _______ _ 
VERY LOW WIND SPEED ________ _ 

SUMMER - 2 1/2% 
41.1 DRY BULB TEMP ______ _ 
24.4 WET BULB TEMP ______ _ 

DEGREE DAYS: 

oc, 

oc, 
oc, 

___ 3_4 ___ oF; 

DESIGN RELATIVE 
HUMIDITY 

JAN FEB lfVIARIAPll lMAY! JUN i JUL iAUGi SEP OCT NOV DEC 

HEATING OF 
238 162 103 33 o o o 
428 292 185 60 0 0 0 

oc 0 8 12 78 197 327 451 
COOLING OF 0 14 21 141 355 588 812 

PERCENT POSSIBLE SUNSHINE: 

76 79 83 88 93 94 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.S. 
oc 
OF 

17.8 20 23.9 28.9 

64 68 75 84 

.oc 
MIN D.B. OF 

1.7 3.9 6.1 10 

35 39 43 50 

AVERAGE DAILY l~JCIDENT RADIATION: 

HORIZ 
kWh/m2 
Btu/ft? 
kWh/1112 

DlllECT 
Btu/ft2 

3.61 

1145 

6.42 

2036 

4.50 5.97 

1427 1894 

6.86 8.16 

2176 2588 

EFfLCTIVE /\TMOSPll[RE FACTORS: 

CL[f' .. l!NISS NO. o.831 o.76 o.85 

CI () lJ I J I/\ CT O fl ._0_8_1_, _o_.s_9 ....... _o_.9_1 

7.23 

2293 

8.97 

2845 

0.92 

0.94 

33.9 

93 

13.9 

57 

8.00 

2538 

9.65 

3061 

0.96 

0.96 

38.9 

102 

18.9 

66 

8.10 

2569 

9.67 

3067 

0.96 

0.97 

40.6 

105 

23.9 

75 

7.74 

2455 

9.19 

2915 

1.02 

0.92 

AI-78-18 
62 

o 
0 

415 

747 

38.9 

102 

22.8 

73 

6.87 

2179 

8.26 

2620 

0.91 

0.92 

o 
0 

313 

564 

36.7 

98 

19.4 

67 

5.93 

1881 

7.43 

2357 

0.84 

0.94 

9 101 216 

17 182 388 

133 14 0 

240 26 0 

88184177 

30.6 

87 

12.8 

55 

5.13 

1627 

7.81 

2477 

0.89 

0.94 

23 3 

74 

5.6 

42 

3.74 

1186 

6.39 

2027 

0.82 

0.92 

18.9 

66 

2.8 

37 

3.42 

1085 

6.65 

2109 

0.92 

0.88 

27 % 



CLIMATE AND INSOLATION SUMMARY 

T /\llll. 19 

SIT [ N/\l\1L: SEATTLE,WAS_H_. ______ LATITUDE 47.45° LONGITUDE 122.30° 

ASHRAE DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP 
WIND SPEED 

SUMMER - 2 1/2% 
DRY BULB TEMP 
WET BULB TEMP 

DEGREE DAYS: 

oc 
HEATING OF 

OC 
COOLING OF 

JAN 
410 

738 

0 

0 

FEB 
319 

574 

0 

0 

PERCENT POSSIBLE SUNSHINE: 

G 

LOW 

26.1 

18.3 

MAR 
329 

592 

0 

0 

27 34 I 42 

oc, 32 ______ oF; 

oc, 79 

oc, 65 

APR MAYIJUN JUL AUG 
238 143 69 31 32 

429 258 124 56 57 

0 0 12 50 38 

0 0 22 90 69 

48 53 48 62 56 

AVERAGE AMBIENT TEMPERATURE RANGE: 

MAX D.B. 
OC 
OF 

6.7 8,3 10.6 14.4 18.9 21.1 24.4 23.9 

44. 47. 51. 58. 66. 70. 76. 75, 

MIN D.B. 
OC 
OF 

0.6 1.7 2.2 5.0 7.2 10.0 12.2 12.2 

33, 35. 36. 41. 45. 50. 54. 54. 

AVERAGE DAILY INCIDENT RADIATION: 

kWh/m2 
HORIZ 

Btu/ft2 
1.19 1.96 3.10 4.20 5.94 6.00 6.19 5.13 

379 623 982 1332 1883 1903 1965 1627 

kWh/m2 
DIRECT 

Btu/ft2 
2.68 3.46 4.52 5.10 7,00 6.97 7.45 6.45 

849 1099 1433 1618 2220 2210 2364 2046 

EFFECTIVE ATMOSPHERE FACTORS: 

DESIGN RELATIVE 
HUMIDITY 

SEP OCT NOV DEC 
68 184 297 372 

123 332 534 670 

10 0 0 0 

18 0 0 0 

53 36 28 24 

22.8 15.6 10.0 7.8 

73. 60. 50. 46. 

8.3 6.7 3.3 2.2 

47. 44. 38. 36, 

4.03 2.19 1.10 0.84 

1279 696 349 266 

5.70 3.48 2.20 1.90 

1808 1105 698 604 

CLEARNESS NO. o.93 o.76 o.75 o.74 1.02 1.08 o.98 o.95 1.03 0.91 0.18 0.21 

c LOUD FACTOR ._o_.5_2~_0_.5_s_.__o_.6_s...__o_.6_9 __ o_.1_3 ~-o._69 __ 0_.1_9 __ 0_. 1_5 __ 0_.1_3 _o_.6_0 __ 0._s3 __ o_.4_9_ 

AI-78-18 
63 

47 % 



CLIMATE /\ND INSOL/\TION SUMMAIW 

TAllLL 20 

Sill N/\1\1[ WASHINGTON, D.c __ · ____ LATITLiDE __ 3_8._8_9°_ LONGITUDE _7_7_.0_3_0_ 

ASHl{/\E DESIGN CONDITION: 
WINTER - 97 1/2% 

DRY BULB TEMP __ -_1_.2 _____ 0 c, __ 1_9 ___ °F; 
WIND SPEED ____ M_E_o_,u_M ___ _ 

SUMMER - 2 1/2% 
DRY BULB TEMP __ 33_.3 _____ 0 c, __ 9_2 ___ °F;} 

WET BULB TEMP 25-0 0 c, 77 °F 

DEGREE DAYS: 

JAN FEB j IVIAR t>.PR IMAY: JUN 

HEATING OF 
506 431 343 147 40 

911 776 617 265 72 

QC 0 4 5 62 
COOLING OF 0 0 s 9 111 

PERCENT POSSIBLE SUNSHINE: 

46 53 56 57 61 

AVERAGE AMBIENT TEMPERATURE RANGE: 

QC 
MAX D.S. 

OF 
6.7 7.8 12.2 18.9 

44 46 54 66 

QC 
MIN D.S. OF 

-1.1 -1 .7 2.2 7.8 

30 29 36 46 

AVERAGE DAILY INCIDENT RADIATION: 

HORIZ 
kWh/1112 
Btu/ft2 
l<Wh/1112 

DIRECT 
Btu/ft2 

2.20 

699 

3.80 

1205 

2.90 4.20 

919 1331 

4.10 5.00 

1300 1585 

EFFECTIVE ATMOSPHERE FACTORS: 

0.74 

0.75 

5.20 

1648 

5.70 

1807 

0.81 

0.76 

24.4 

76 

13.3 

56 

5.70 

1807 

5.60 

1775 

0.79 
0.78 

0 

0 

148 

267 

64 

28.3 

83 

18.3 

65 

6.40 

2029 

6.40 

2029 

0.90 

0.80 

JUL 

0 

0 

216 

388 

64 

30.6 

87 

20.6 

69 

5.90 

1870 

5.50 

1744 

0.82 

0.80 

AUG 

0 

0 

191 

344 

29.4 

85 

20 

68 

5.40 

1712 

5.50 

1744 

0.83 

0.79 

DESIGN RELATIVE 
HUMIDITY 

SEP I OCT I NOV I DEC 

8 

14 

101 

181 

62 

26.1 

79 

16.1 

61 

4.60 

1458 

5.20 

1648 

0.85 

0.79 

106 

190 

21 

37 

61 

20. 

68 

10. 

50 

3.50 

1110 

4.70 

1490 

0.80 

0.78 

283 

510 

0 

0 

54 

13.9 

57 

3.9 

39 

2.30 

729 

:;,60 

1141 

0.73 

0.73 

476 

856 

0 

0 

47 

7.8 

46 

-0.6 

31 

2.00 

634 

3.60 

1141 

0.85 

0,69 

CL[/\r1NESS NO. 0.1s o.62 

CLOUD FACTOll a.cs I o.73 '-----'------'---'----'---,.___ _ __.,_ __ .__ _ _.,__ _ __., __ ,.___ _ _._ __ 
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were selected(l) as representative of weather conditions over a large portion of 
the U.S.A. so that these parameters can be used for evaluation of conceptual 
design if better information is unavailable. 

2.5.1.1 Temperature Data 

The monthly maximum and minimum temperatures for the site location are used 
in approximating the thermal requirements of the building in the STESEP Computer 
Program. A sinusodial variation in the air temperature is assumed to occur 
following the equation and gives very good agreement with heating and cooling 
degree day data (see results of check case, Figure 20): 

A lag (tl) is introduced into the air temperature to compensate for building 
capacitance effects as discussed in the next Section (2.5.3). 

2.5.2 Evaluation of Clearness Numbers and Cloud Factors 

2.5.2.1 Application of the Insolation Model to Compute Daily Average Insolation 

The insolation model (see Section 2.3.6) describes local insolation in terms 
of deterministic equations which contain the clearness number CN and the cloud 
factor CF. 

The average daily direct normal radiation (with cloud effects considered) is 
obtained by integrating Equation (21) over the full day. 

=CF• CN • JA exp ~B/cos 0
2

) dt 

=CF• CN • 11 

Similarily9 the daily total horizontal radiation is found as follows: 
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Hh = JCF (r 0N cos 02 + IoF) dt 

CF · CN · R I 
C JA exp (-B/cos 8) cos 8 dt = a' z z 

CF· R I B I 
c !cos 8 dt 0: I z 

CF • CN • R • I2 CF • R • 8
1 

• I3 
Hh = (a'/I ) (a'/Ic) C 

... (35) 

Equation (35) is more compactly written: 

A A 
H = CF • CH • I2 - CF• S ... ( 36) 

where 

and 

The integrals r1, r2, and 
be integrated in closed form, 
convenience.) Because of the 
pressed in the form: 

r3 are obtained by numerical integration. (I 3 can 
but is grouped with the others for programming 
symmetry about solar noon, all three can be ex-

t 
I ::; 2 !/ F (cos 8

2
) dt ... ( 37) 

where tis the time measured from solar noon, ts= cos-1 (-tan 6/tan ¢)/15 the 
sunset time, and cos 8

2 
is a function of the hour angle h = 15t, from Equation 

(19). Equation (37) is evaluated by the trapezoidal rule, with ordinates eval-
uated at 30-min intervals. The numerical approximation becomes: 

N 

I 0. 5 F 
O 

+ L Fi 
i=l 

where N is the integer part of 2ts-l. 
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Equation (38) slightly overestimates the contribution of the 11 tail 11 whenever 
the sunset time is not an even 1/2 h. The error is insignificant in the present 
application. 

2.5.2.2 CN Evaluation from Daily Averages of Total Horizontal and Direct 
Insolation 

The first module of the deterministic insolation program evaluates the clear-
ness number CN in one of two ways. If no cloud factor CF is specified, it solves 
Equations (34) and (36) simultaneously for both CF and CN as follows: 

•.• ( 39) 

I\ I\ 
CN = (H/CF + S)/1 2 ..• ( 40) 

It may happen that the resulting value of CN is found to be unreasonably high. 
If so, a reasonable upper limit (say CN = 1.1) can be assigned and a revised 
value of CF can be calculated from Equation (36) as follows: 

I\ /\ 

CF= H/(CN • I2 - 6) ... ( 41) 

2.5.3 Building Load Characterization 

Although most industrial and commercial facilities can be classified as 
"thermally heavy, 11 the variation in energy demands throughout the year as well 
as the variable solar energy availability must be considered in any applicaton 
of STES. This is a function of both the building construction, shape and oper-
ational conditions as discussed in Reference 1, as well as the local environ-
mental conditions which can vary enormously in different parts of the country. 

Direct calculation of the building energy demands is extremely difficult and 
beyond the scope of a small computer program like STESEP and in the absence of 
actual data should be accomplished with a more elaborate program such as 
AXCESS( 5l) or ECUBE( 52 ). 

As discussed in Reference 1, the energy demands of commercial buildings are 
primarily a function of the lighting and HVAC system of the building. Commercial 
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buildings are normally thermally "heavy" so that environmental effects are less 
important than the internal operating parameters (hours of operation, illumina-
t"ion/unit area, etc.) in determining the building loads. Prediction of the type 
of HVAC system which will be selected for commercial buildings in the 1985 to 
2000 time frame is also difficult so, consequently, six typical commercial 
building configurations were selected during the development of STESEP to use 
when more definitive information is not available. The data for these building 
configurations was developed using the AXCESS computer program and is listed in 
Tables 21 to 26 in the format required by the STESEP computer program. The 
AXCESS program runs were made based on industry average daily profiles for elec-
trical, occupancy (ventilation), and process heat loads, which are independent 
of weather conditions and are input parameters of STESEP. The AXCESS output 
defined the hourly, monthly, and yearly energy usage for heating and cooling as 
well as the electrical loads of the buildings. These loads were then used to 
define the coefficients in the simplified load equations used by the STESEP com-
puter program and listed on Tables 21 to 26. 

Since the building loads for commercial buildings are primarily a function 
of the way the building systems are operated, the yearly loads must also be 
available to allow adjustment of several program constants so that the electrical, 
heating, and cooling loads can be balanced. The STESEP program uses six constants 

* to obtain the balance. These constants are CEL, CVR, CVH, CHO, CHL, CRL and are 
used to obtain agreement between the STESEP predictions for hourly, monthly, and 
yearly loads with the values determined from a more exact source as discussed 
above. 

The refrigeration and heating demand loads are related to the input hourly 
loads by the following equations: 

*See List of Symbols, Page 153, or Glossary of Terms, Section 4.3. 
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J::, ...... 
I 

O'l -...J 
<..O co HOUR OF THE DAY I ..... 

co LIGHTING LOAD(EL) 

OCCUPANCY LOAD(OL) 

PROCESS HEAT LOAD(IIL) 

l 2 

TABLE 21 

LOAD (EU PROFILE APPROXIMATION FOR LARGE RETAIL STORE 
WITH A FLOOR AREA OF 18868.SQ.M 

LIGHTING LEVEL IS 0.102 KW/SQ.M FOR 
317 .DAYS OF OPERATION A YEAR 

DAILY OPERATIONAL PROFILE(% OF NAXIHUM) 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2L 22 23 24 

23. 23. 23. 23. 23. 12. 11. 13. 24. 68,100,100.100,100,100, 99. 99.100. 59. 48. 36. 35. 24. 23. 

o. o. o. 
o. o. o. 

o. o. u. o. 10. 30. 30. 10. 80. 80. 70. 50. 50, 50. 70. 70. 75. 60. 10. 

o. o. o. u. 8. 8. 17. 17. 25. 92. 58. 58. 

0.500 
1.30 
1.08 

= O.llOE-01 
5.50 

LIGHT[NG HEAT RELEASE FACTOR(CEL)= 
VENTILATION COOLING FACTOR(CVR) 
VENTILATION HEATING FACTOR ( CVII) 
HEAT LOSS COEFFICIENT(CHL) 
REFRIGERA7ION/HEATING RATIO(CRL) 

8. 8, 67.100. 83. SU. 8. 

o. o. 
o. o. 



;i:,, ...... 
I 

"' "' 0 co HOUR OF THE DAY 
I ..... 

co LIGHTING LOAD(EL) 

OCCUPANCY LUAD(OL) 

PROCESS HEAT LOAD(IIL) 

1 

TABLE 22 

LOAD (EL) PROFILE APPROXIMATION FOR LARGE SHOPPING CENTER 
WITH A FLOOR AREA OF 70755.SQ.M. 

LIGHTING LEVEL IS 0.081 KW/SQ.M. FOR 
338.DAYS OF OPERATION A YEAR 

DAILY OPERATIONAL PROFILE(% OF MAXIMUM) 

2 J 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 21 '22 23 24 

23. 23. 12. 12. 12. 12. 11. 36. 67. 99. 99. 99. 98. 98. 98. 98. 98.100. 69. 58. 46. 25. 14. 12. 

o. u. o. 
o. o. u. 

o. o. o. O. 10, 25. 35. 45. 80. 80, 75. 65. 70. SO. 80. 83. 80. 55. lU. 

o. u. o. o. 11. 11. 17. :7. 22. 89. 55. 55. 11. 11. 61.100. 78. 45. 11. 

0.600 
4.30 

LIGHTING HEAT RELEASE FACTOR(CEL)= 
VENTILATION COOLING FACTOR(CVR) 
VENTILATION HEATING FACTOR(CVH) 
HEAT LOSS COEFFICIENT(CHL) 
REFRIGERATION/HEATING RATIO(CRL) 

1.88 
= O. lOOE-01 

7.50 

o. o. 

0. o. 



):,, ...... 
I 

--..J --..J 
I-' co HOUR OF THE DAY I 

I-' co LIGHTING LOAD(EL) 

OCCUPANCY LOAD(OL) 

PROCESS HEAT LOAD(HL) 

l 2 

TABLE 23 

LOAD (EL) APPROXIMATION FOR MEDIUM SHOPPING CENTER 
WITH A FLOOR AREA OF 42453.SQ.M 

LIGHTING LEVEL IS 0.094 KW/SQ.M FOR 
317.DAYS OF OPERATION A YEAR 

DAILY OPERATIONAL PROFILE(% OF MAXIMUM) 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 l 7 18 19 20 21 22 23 2 !~ 

24. 24. 15. 15. 15. 10. 10. 37. 66. 96. 95. 95. 95. 95, 95. 95,100,100. 71. 61. 51. 31. 15. 15. 

o. o. o. 

o. o. o. 
o. o. o. o. 10. 28. 32. 24. 80. 80, 72, 56. 58. 58. 74. 78. 68. 29. t •• 

o. o. o. 0. 11. 11. 16. 16. 22. 89. 55, 55. 11. 11. 61.100. 78. 45. 11. 

0.600 
4.02 

LIGHTING HEAT RELEASE FACTUR(CEL)= 
VENTILATION COOLING FACTOR(CVR) 
VENTILATION HEATING FACTUR(CVH) 
HEAT LOSS COEFFICIENT(CIIL) 
REFRIGERATION /II EATING RATIO (CRL) 

2.00 
= 0.450£-01 

1.90 

o. (J • 

o. 0. 



::i:,, ....... 
I 

'-J '-J 
N 00 HOUR OF TH£ DAY I ...... 

00 LIGHTING LUAD(EL) 

OCCUPANCY LOAJJ(UL) 

PROCESS HEAT LOAD(HL) 

l 2 

TABLE 24 

LOAD (EL) PROFILE APPROXIMATION FOR LRG. SHOP. CTR., ECR 
WITH A FLOOR AREA OF 70755.SQ.M 

LIGHTING LEVEL IS 0.040 KW/SQ.M FOR 
338.DAYS OF OPERATION A YEAR 

DAILY OPERJ'.i'IONAL PROFILE(% OF MAXIMUM) 

3 4 5 6 8 9 10 ll 12 13 14 15 16 17 18 19 20 21 22 23 24 

23. 23. 12. 12. 12. 12. 11. 36. 67. 99. 99. 99. 98. 98. 98. 98. 98.100. 69. 58. 46. 25. 14. 12. 

o. o. o. 
o. o. o. 

o. o. o. o. 10. 25. 35. 45. 80, 80. 75. 65. 70. 50. 80. 83. 80, 55. 10. 

o. o. o. o. 11. 11. 17. 17. 22. 89. 55. 55. 11. 11. 61.100. 78. 45. 11. 

0,600 
4.27 

LIGHTING HEAT RELEASE FACTOR(CEL)= 
VENTILATION COOLING FACTOR(CVR) 
VENTILATION HEATING FACTOR (CVH) 
HEAT LOSS COEFFICIENT(CHL) 
REFRIGERATION/HEATING RATIO(CRL) 

l. 8 7 
= 0, lOOE-01 

7.50 

u. o. 
o. o. 



)::, ....... 
I 

--.J --.J 
w co HOUR Of TH£ DAY I ..... 

co 
LIGHTING LOAD (EL) 

OCCUPANCY LOAD(OL) 

PROCESS HEAT LOAD(HL) 

l 

TABLE 25 

LOAD (EL) PROFILE APPROXIMATION FOR LOW RISE OFFICE BUILDING, C.H. 
WITH A FLOOR AREA OF 18868.SQ.M 

LIGHTING LEVEL IS 0.053 KW/SQ.M FOR 
255.DAYS OF OPERATION A YEAR 

DAILY OPERATIONAL PROFILE(% OF MAXIMUM) 

l 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

o. o. o. o. o. o. 0.100.100. 94. 94. 81. 47. 77. 92. 92. 99. 18. 19. 18. 14. 10. 

u. o. o. 

o. o. o. 
u. o. o. o.100.100.100.100. 80. 40. 80.100.lUU.100. 10. 10. tu. 10. 

o. o. o. o. 60. 60. 54. 60.100. 65. 88. 77. 82. 33. 35. 56, 

0,500 
7.20 
1.78 

= 0.600E-0l 
1.00 

LIGHTING HEAT RELEASE FACTOR(CEL)= 
VENTILATION COOLING FACTOR(CVR) 
VENTILATION HEATING FACTOR ( CVII) 
HEAT LOSS COEfFICIENT(CIIL) 
REFRIGERATION /111:ATING RATIO ( CRL) 

5. 5. 

0. 

u. 

23 24 

u. u. 
u. 0. 

o. CJ. 



)> ...... 
I 

-...J -...J BOUR OF THE DAY co 
I ...... LIGHTING LOAD(EL) co 

OCCUPANCY LOAD(OL) 

PROCESS HEAT LOAD(HL) 

TABLE 26 

LOAD {EL) APPROXIMATION FOR LARGE SHOP. CTR., N.S. 
WITH A FLOOR AREA OF 70755.SQ.M , 

LIGHTING LEVEL IS 0.014 KW/SQ.M FOR 
338.DAYS OF OPERATION A YEAR 

DAILY OPERATIONAL PROFILE(% OF MAXIMUM) 

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2t, 

23. 23. 12. 12. 12. 12. 11. 36. 67. 99. 99. 99. 98. 98. 98. 98. 98.100. 69. 58. 46. 25. 14. 12. 

o. o. o. 
o. o. o. 

o. o. o. o. 10. 25. 35. 45. 80. 80. 75. 65. 70. 5(1. 80. 83. 8(1. 55. 10. 

o. o. o. o. 11. 11. 17. 17. 22. 89. 55. 55. 11. 11. 61.100. 78. 45. 11. 

0.600 
4.30 

LIGHTING HEAT RELEASE FACTOR(CEL)= 
VENTILATION COOLING FACTOR(CVR) 
VENTILATION HEATING FACTOR(CVH) 
HEAT LUSS COEFFICIENT(CHL) 
REFRIGERATION/HEATING RATIO(CRL) 

1.88 
= O.lOOE-01 

7.50 

u. lJ. 

o. o. 



QRO = QT [cEL • EL(t) +CVR· OL(t) + CHL • CRL • (Ta - Tsp)] .•. (42a) 

QHO = QT [ CVH • OL(t) - CEL • EL(t) +CHO• HL(t)] 

QHO = QT [ CVH • OL(t) - CEL • EL(t) + CHL • (TSP - Ta) 

+CHO· HL(t)] 

QRO = QT [ CEL • EL(t) +CVR• OL(t)] 

The electrical demand load is given by: 

... ( 43a) 

... (42b) 

... (43b) 

... ( 44) 

The coefficients in these equations are empirical constants for the building 
and are adjusted by the user to match demand loads for the building obtained 
from another source. Section 3.1.2 gives the procedure for adjusting the 
coefficients. 

It should be noted that the building thermal capacitance does not appear 
in Equations (42) and (43) nor does a term representing the solar energy input. 
The thermal capacitance of the buildings is approximated by shifting the time 
of day when the maximum and minimum air temperatures occur [see Equation (33)). 
This shifts the hourly variation of the building loads to approximate shift 
caused by wall and roof capacitance. 

Shadow effects have been neglected since these shadow effects from the 
collectors depend strongly on their placements around (and on) the building and 
these locations are usually not known during conceptual analyses. 

AI-78-18 

75 



3.0 USERS GUIDE 

The preceding section detailed the mathematical models and some of the de-
velopment history for the STESEP computer program. The discussion that follows 
defines the data input requirements, describes the output options and program 
limitations, and discusses sample problems that can be used to ensure proper 
program operation. 

3.1 REQUIRED DATA INPUT 

Table 27 lists the data input requirements for STESEP by generic type, which 
include: (1) building data, (2) environment data, (3) collector/array character-
istics, and (4) operational data for the STES. 

The STESEP computer code is written for use on a remote terminal with the 
data input obtained from a data file in free format form as shown in Figure 16. 
The input parameters for STESEP are entered in the order shown in Figure 17. 

The following discussion describes each part of the input requirements and 
output options of the STESEP code. Figure 18 shows the section number where each 
portion of the input data is discussed and its relationship to the operation of 
the code. Table 28 gives a summary of the program options and flags that de-
termine which operation will be used in the computation and/or output. This 
information is used to create a data file (or card deck for batch operation) to 
be used by the STESEP code and which is described in the following paragraphs. 

TABLE 27 
STESEP INPUT/OUTPUT PARAMETERS 

Input Parameters 

Building Data 
Environment (Site) Data 
Collector/Array Charac-

teristics 
Operational Data 

Output Parameters 

Load Profiles (Monthly and Hourly) 
Component Sizes 
Capital Investment 
Recurring Costs 
Annualized Cost 
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l_JN~ PA~~M[TE?. VALUES 

BLJ:~~:N3 D.C.Ti: 
00010 
00020 
00030 
00040 
00050 
00060 

70755, .0B106, 1 .88 •• 6, 4.3 •. 01, .0:75 ,7 .5 
LARGE SHOPPING CENTEF: 
.~3,.23 •• 1 •• 1 ,.1 •. 1 •. 1, .36, .67, 1, 1, l .1, 1, 1, 1, 1, 1,.69,.58,.46, .:i5 •. 14, .1 
0, 0, C, 0, 0 • 0 , 0, . 1 •• :'5, • 3!:: •• 4 5 .. 8, • 81, • 75, . 65, . 7, • 5 , • 8 •• 83, • 8 , • 55 •. 1 • 0, 0 
0.0.0,0.0.0.0,.1 •. 1,.1;- ,. P,.2: •. 9, .55, .55,. 1 •. 1 •. 6, l, .7s, .45, .1,0,0 
336 

S !TE JATA 

00070 4~.22~ 1 
00080 BLUE HILL, HASS. 
00090 37 ,37, •5,56, 68 .76,B2 ,BO, 73 ,63, 52 ,40 
00100 21,21,29,39,49,58,64,62,56,-45,36,25 
00110 S93, B50, 1278, 1608, 1'03 ,2008, 1811 , 16S9, 1323, 1 063,542, 603 
00120 47 ,56,57, 56 ,59, 62 ,64,63 ,61, 58, 48, '18 
00130 .3691 ,.3664,-.0022 

00140 
00150 

00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 

COLLECTOR DATA 

42, • 71 , 2. 5, • 3, 2, 0. 0 
~ITH A DISTRIBUTED COLLECTOR 

OPERATIONAL DATA FOR 
YEARLY RESULTS 

1, 1, 1 ,o,o 
• 15, 1. 5, 0,600, 1000,50, 50 
.1S, 1.S ,0,600, 1100 ,50,50 
.1S, 1,5,0,600,1160,50,50 
.25, 1.5,0,600, 1160, 50 ,50 
.• 5, 1. 5, 0,600, t t 60 ,50, so 
.65,1.5,0,600, 1160,50,50 
• 15, .2 ,0,690 ,900,SO, 50 
• 15, .2, o, 690,950, 50, 50 
.1s,.2,0,690, 1000,50,50 
, 15,.2,0,690, 1050,50,50 
• 15, .2, 0 ,690, 1100,50, 50 
.1S,. 2, 0,690, 1160, SO, 50 
.25, .2 ,o ,690, 1160,50 ,50 
.45, .2 ,o ,690, 1160,50, 50 
.65, .2, 0,690, 1160,50,50 
.15,1.S,0,600,1000,0,50 
, 15, 1.5,0,600,1100,0,50 
.15, 1. 5, 0,600, 1160,0 ,so 
.25, 1. 5, o, 600, 1100 ,o, 50 
.45,1 .5,0,600, 1100,0,50 
.65, 1 .s ,o ,600, 1100, o, 50 
• 15, .2 ,O ,69C, 900 ,O, 50 
• 15 ,.2,0, 690,950, o, 50 
.15, .2 ,o ,690, 1 ooo, 0,50 
.15, .2 ,0,690, 1050, o, 50 
.15, .2,0,690, 1100,0 ,50 
.15, .2, 0,690, 1160, o, 50 
.25,.2,0,690,1100,0,50 

.45,. 2,0,690, 1100, o, 50 
.65,.2,0,690, 1100 ,0,50 
11 ,o,o ,690, 1000,0, 50 

COLLECTOR AND OPERATIONAL DATA 
FOR MONTHLY RES UL TS 

004B0 42, .71 ,2.5, .3,2,0 
00490 UITH A DISTRIBUTED COLLECTOR 
00500 1, 1 ,o,o, 1 
00510 .2,.5,0,690,1100,0,50 

COLLECTOR AND OPERATIONAL DATA FOR 
HOURLY RESULTS FOR THE 4TH MONTH 

00520 42, .71 ,2.5, .3,2,0 
00530 UITH A DISTRIBUTED COLLECTOR 
00S40 1,1 ,0,4,0 
00550 .2,.5,0,690,1100,0,50 

ARRAY DATA 

00560 1,.1s,2,.002,o,o 
00S70 UITH A PHOTOVOLTAIC ARRAY 

OPERATIONAL DATA FOR YEARLY RESULTS 

00580 1, 1 , 1 , 0, 0 
00590 .2, .J,0,600,700,0,0 
00600 .2, .25,0,600,700,0,0 
00610 .2, .JS,0,600,700,0,0 
00620 .2, .-4,0,600,700,0,0 
00630 .3, .4,0,600,700,0,0 
00640 .4,.4,0,000,700,0,0 
00650 .5,.4,0,600,700,0,0 
00660 .6,.4,0,600,700,0,0 
00670 11, .-4,0,600,700,0,0 
00680 0,.4,0,600,700,0,0 
END OF DATA 

Figure 16. Sample Input Data Sheet 
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INPUT VARIABLE LIST 

Input Parameter Order 

Building Data 

1. FA, PPSM, CVH, CEL, CVR, CHL, CHO, CRL 
2. Building Name (24 characters) - BDL 
3. El Array of 24 Fractional Values 
4. 0L Array of 24 Fractional Values 
5. HL Array of 24 Fractional Values 
6. DA0P 

Site and Environmental Data 

7. DEG, INS0 
8. Location Name (24 characters) - CIT 
9. TU Array of 12 Values 

10. TL Array of 12 Values 
11. Either HH or CN Array of 12 Values 
12. Either PP or CF Array of 12 Values 
13. Cl, C2, C3 

Collector Data or Array Data 

14. CR, E0C, UC0L, EM, NAXE, DTLT 
15. System Name (24 characters) - STES 

Operational and Control Data 

16. EFT, BFT, MMAX, NMAX, LMAX 
17. ARAT, RMAX, BUY, T0, TT, DTAUX, DTW 

* 

Repeat 14 to 17 as required to consider different STES configuration, 
and end case with ARAT>8. 

*See Glossary of Terms, Section 4.3 

Figure 17. Sample Input Variable List 
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SEE SECTION 3.1.2 J 
-c-~-E-~-S-~-:!°-~-0-~-:_---1_:-3_-,~ I BUILDING DATA - : 

: SITE & 1 L - - - - - - - - - - - ..J 

ENVIRONMENT 
DATA 1r------.&-------, L ________ J 

INITIALIZE DATA 

[_SEE SECTION 3.1.4 _ J 
I COLLECTOR/ARRAY : 
1 CHARACTERISTICS I 
I I ,._ __________ ...I 

SEE SECTION 3.2 INPUT CASE DATA 

_ SEE SECTION 3.1.5 -l 
I CONTROL MODES I 

I 
THERMALCONTROL I 

PRINT MIN COST 
SYSTEM DATA 

k ~E ! ES!_I (2.N _3~ 

SET SYSTEM CONDITIONS 

DAILY DO LOOP 

CALC ENVIRON. CONST. 
I TYPICAL I 

I METRO LOGICAL 1-"1'-----... --~---_-_-_-_-_-_-_"1 _____ ---, 
YEAR WEATHER 

LT~P! i!~~-_D~T~J HOURLY DO LOOP 

CALC EQUIP. LOADS 

CALC EQUIP. COSTS 

SEE SECTION 3.1.5 

VARY SYS. COND. 

PRINT YEARLY RESULTS 

CALC EQUIP. COSTS 

SAVE RESULTS 

I ELECTRICAL CONTROL I 
I SOLAR CONTROL I 

L----------' 

OPTION 2 

PRINT DAILY RESULTS 

SEE SECTION 3.2.2 

OPTION 1 

PRINT HOURLY RESULTS 

SEE SECTION 3.2.1 

42400-10116C 

Figure 18. STESEP Logic Diagram 
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Flag l Value 

INS0 0 
1 
2 

NAXE -1 
0 
1 
2 
3 

EFT 0 
1 

BFT(EFT=l) 0 
1 

MMAX 0 

1 

NMAX 0 
(LMAX=O) 1 

LMAX 1 
(NMAX=O) 

E0C ~0.3 
<0.3 

RMAX 0 
(E0C<0.3) >0.0 

ARAT >8 

TABLE 28 
SUMMARY OF PROGRAM OPTIONS 

Discussed in Program Result/Action Section 
3.1.1 Input CF& CN values 

Inout HH&PP values 
Input HH&PP values and mount 
TMY tape 

3.1.4 

3. 1.5.1 

3.1.5.1 

3.1.5.1 

3.1.5.1 

3.1.1 

3.1.1 

3 .1.1 

AI-78-18 
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E-W oriented 1-axis tracking 
Nontracking 
N-S oriented I-axis tracking 
2-axis tracking 
Central receiver 

No purchased electricity used 
Purchase supplementary 
electricity 

Use thermal energy storage 
Use battery energy storage 

Adjust auxiliary energy to 
maintain load profile 
Use specified conditions 

Yearly calculation option 
Hourly calculation option for 
month specified by NMAX 

Monthly calculation option 

Solar Thermal System used 
Photovoltaic System used 

Array actively cooled 
Array passively cooled and 
flat plate thermal collectors 
used for heating load 

Terminates cases - value 
determines next case input 



3.1.1 Input Data File Format 

Since the free format input option has been used for STESEP, the lines 
(cards) of the data input file must contain a value for each parameter separated 
by a comma delimiter as shown in Figure 16 where the check cases input data are 
listed. The suggested method of obtaining the numerical values for these para-
meters is discussed in Sections 3.1.2 through 3.1.6. The individual lines (cards) 
are discussed below to describe the parameters as defined in Figure 17 and illus-
trated in Figure 16. 

The first six lines of the data input file define the building parameters 
and are input in metric units. 

The first card contains the empirical coefficients for load calculations 
as discussed in 3.1.2 and shown as Line 10 (i.e. 00010) in Figure 16. 

FA - Floor area of the building in m2 

PPSM - Power/m2 in W/m2 

CVH - Coefficient of heating ventilation 
CEL - Coefficient of heat generation from lighting 
CVR - Coefficient of cooling ventilation 
CHL - Coefficient of heat loss 
CHO - Coefficient of process heat 
CRL - Coefficient for humidity effects 

The second line (card), Line 20, is alphanumeric, BLD (8A4), and contains 
the building descriptor. The third line (card), Line 30, contains the hourly 
fractional electrical load, EL (24 values). It should be noted that two or more 
lines (cards) could be used if more significant figures are desired in the values 
for the profile as long as a comma delimiter is used between values. The fourth 
line (card), Line 40, contains the hourly fractional occupancy load, 0L (24values), 
while the fifth line (card), Line 50, contains the hourly process heat load, HL 
(24 values). The sixth line, Line 60, contains only the number of days of oper-
ation per year for the building, DA0P. 

The next seven lines, Lines 70-130, contain the site data as discussed in 
3.1.3. 
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The first site line (card), Line 70, contains the site latitude, DEG, in 
degrees followed by an insolation flag, INS0. 

The next line (card), Line 80, is alphanumeric, CIT (8A4), and contains the 
site descriptor. 

The next two lines, Lines 90 and 100, contain the monthly maximum tempera-
tures for the site, TU (12 values), followed by the minimum temperatures, TL 
(12 values), in degrees F. If the INS~ flag is zero, the next two lines, Lines 
110 and 120, contain the monthly CN numbers (12 values), followed by the monthly 
CF numbers (12 values). If the INS0 flag is 1, then the lines (cards) contain 
the monthly total horizontal, HH, insolation (12 values in either Btu/ft2 or in 
kWh/m2 Mo), followed by the monthly percent possible, PP, percentages (12 values). 
(See Sections 3.1.3.1 and 3.1.3.2 for suggested sources of these values.) 

The last site input data line (card), Line 130, contains three empirical 
coefficients defining the local cost of electricity, Cl, C2, C3, in dollars/kWh 
which are determined as described in 3.1.3.3. 

The collector (or array) data is input on the next line (card), Line 140, 
and is discussed in 3.1.4. 

CR = Concentration ratio= Ac/Aa 
E0C = n

0
c = Optical efficiency of system 

UC0L = Linear loss coefficient for system 
EM* = Radiation loss coefficient 
DTLT = Angular deviation of one axis N-S tracking and non-

tracking system from an angle equal to the latitude 

The data input lines described above have now defined the building require-
ments, the application location, the collector/array configuration, and local 
cost of electricity. The operational data is input on the remaining cards for a 
case, Lines 160 to 470. 

The next line (card), Line 160, contains the operational and output flags 
that determine how the case will be run as discussed in Sections 3.1.5.1 and 
3.2.3. 

*For photovoltaic systems, the cell temperature loss coefficient is the input 
parameter. 
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EFT = Purchased electricity flag 

BFT = Battery storage flag 

MMAX = Flag to remove load profile restriction 

NMAX = Output option flag for hourly results 

LMAX = Output option flag for monthly results 

The first variable is the purchased electricity flag, EFT, that sets the 
operation mode to the electric control mode if 0.0 or the thermal control mode 
if 1.0. This is followed by the battery storage flag that selects thermal stor-
age of energy if 0.0 and battery storage of energy if 1.0, which converts the 
thermal control mode (Section 2.2) to the solar control mode. The next para-
meter is the load profile flag, MMAX, that can be set= 1 to eliminate the 
restriction that the load profile must be at least 60% of the original building 
profile. The next parameter is the hourly output flag, NMAX, which selects the 
hourly output option (3.2.1) and the month that the hourly results are computed 
for in the intermediate result mode. 

The last parameter, LMAX, is the monthly output flag for intermediate 
(3.2.3) results to verify the load profiles developed by STESEP. 

The next lines (cards), Lines 170 to 260, contain size and operating data 
for the STES as discussed in Section 3.1.5. 

ARAT = Ratio of collector area to floor area= AC/FA 

RMAX = Ratio of maximum purchased power to QT 
BUY = Ratio of minimum purchased power to QT 

T0 = Turbine condenser temperature in OR 

TT = Turbine inlet temperature in °R 

DTAUX = Additional temperature increase from fossil fuel 
heating of collector output in °R 

DTW = Temperature difference between wall and fluid in 
collector in °R 
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va 0 I 

ARAT rst para.me ,;;i. 

Depending on the value of liRAT, tnc c0de wi"l1 r-caci succe::;;:,:i1e ca.c.e da·t,.:t 
differently accord·ing 'Ute ,:;0,1d :iu::s ·1·1sted ,:1:; u·:·,01,,!. 

T ,.T 8 <ARAT < 10 
data {i (H~ 7, Fig:Jl"f )i.1 

If 10<ARAT<20 Next ::ase :r.put sta·,·t:) \<Jitn co1 !ec,.H ui:ita ,1..ine 14~ 
~ig~re 17) - If CR~ J program !xec~tion s \See 
line 680, Figure 16 1 

If 20<ARAT<30 

If 30 < ARAT End execution aft-2r , ·; st l :q n.:s~Jl ts 

3.1.2 Buildinq Data 

As discussed in Seccion 2.5.3, e:.t.u.: c 1 .:,,· the 
buildings is beyond the scope of the S 1TSEF' ccrr,f) ... ::e:r progl·am. Another svui cf 
of this data must be used which can be actual 1ntcter·1:::d aata 10( the buildnig under 

.d t· t t f t ' A·x-~··,-(4B; E"''B~ (49 ) cons 1 era 10n, ou pu ram a compu er prcgram sucn c1s ;Jt...:,j · · · ;;r Lu t, 

or even generalized energy requfrements such as specifiea rn Reference 49" These 
demand 1 oads must be converted t:o the "fo I low~ i•Y i=orms: 

1) Yearly lighting, heating. and crJling energy usage 

2) Monthly lighting, hectt ng, ;;rici :;c,:' ;n:;, r:nert;y us.age 
'J 

3) Maximum lighting load (kW/m~) 

4) Hourly profiles as percen\: 0f che ,r.ctx1mum H;ih:h1q load: 

a) Average lighting usage 

b) Average occupancy of bui l 1Ji ny 

c) Average process neut u~~~e. 

Typical hourly profiles are ·:1steri e quanti-
ties. The loss coefficients (CEL. CVhi C~R~ CHLs CHU, CHLJ cannot be extracted 
directly from the building load profi'le, but ·instead are eva·iuated using the 
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STESEP prng:-'·.,-. i1 -1::w '1n;P·-:y ,i;,·\ n,nth'iy1 opt ion rrodel (as discussed later in 
Section 3.?) t::; mat':h ~·':,,; rr·.:1th·v :;nl yi:-.:ir'.!y huilding load data (from one of 

loss coeffic erts 
do not vary 1."iL1ch fot tnr ctHterent t:,.:pcis u.- Yn ,u~:igs a.1d CCiL':?oue:-.~,y l-
lowing value~, 1n~ rfcmirnendc~d for ~r.:nrt v:.1:ues L: :;:..:.··~ -c.l:t:: :"'-2ri.:tLm prw:/'SS,"' 

1 \ ,. I 

?' ... J 

3) 

4) 8Jilding Heat ~ass Coefficient (CHL) - O. • l-0.0fi 

The ccmplet2 set of building inp~t pJram2ters is shown in Figure 15 
large shopping center data from Table 22. 

Using the peak building 11gh~ing 1a,d 0 c ci~~ine PPSM and the hourly Fi1 
from the external sour:e, a comcuter r:J:: in ::he monthly option is made ::ff<'. 
is adjusted to obtain the smBllest deviatio~ from the monthly lighting 7 

( QELC). Computer runs are ther, made co 3. us L the va 1 ues o:" CEL, CVR, CVH, CHL, 
and CRL to obtain the smallest deviation from the monthly heating and cooling 
loads (QHED and QRFD). This is a trial error process, but normally wil only 
require a few iterations. After agreement s obtained with the monthly loads, 
the code is ready for use in the yearly option to evaluate STES configurations. 

For cases where the energy usage is independent of the weather conditions, 
the heat loss coefficient can be set equal to zero and the hourly profiles used 
to determine the energy usage. 

3.1.3 Site and Environmental Data Input Values 

The environmental data for twelve representative sites shown in Tables 9 to 
20 provides all of the input parameters necessary for the STESEP computer pro-
gram. Figure 16 shows the data from Table 10 for Blue Hill, Massachusetts 
*In some cases it may be necessary to vary the energy lag factor, HLAG, (Line 790 

in Appendix A) by reprogramming. 
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::t::> ..... 
I 

OJ '-I 
CJ) OJ 

I ....... 
OJ 

STESEP 
Site Predicted 

HOD/yr* 

Lake Charles, LA 1211 

Fort Worth, TX 2371 

Blue Hill, MA 6051 

Albuquerque, NM 4388 

Washington, DC 4236 

Seattle, WA 4720 

Phoenix, AR 1869 

Omaha, NB 5817 

Miami, FL 186 

Madison, WI 7737 

Los Angeles, CA 1441 

Nashvi 11 e, TN 3632 

*HOD= Heating Degree Days 
tcoo = Cooling Degree Days 
§oirect Normal Insolation 

TABLE 29 
SITE SURVEY: CLIMATIC SIMULATION ACCURACY 

STESEP Actual Error Actual Error 
HOD/yr ( HOD) Predicted COD/yr ( COD) CDD/yrt 

1498 -0.79 2671 2739 -0.19 

2382 -0.03 2766 2587 +0.49 

6335 -0.78 636 457 +0.49 

4292 +0.26 1437 1316 +0.33 

4211 +0.07 1285 1345 -0.16 

4487 +0.64 279 199 +0.22 

1552 +0.87 3542 3508 +0.093 

6049 -0. 64 1346 1173 +0.47 

206 -0.05 3958 4038 -0.22 

7729 +0.02 620 460 +0.44 

1245 +0.54 1168 1185 -0.05 

3696 -0.18 1807 1694 -0.31 

Predicted Actual 
Insolation§ Insolation Error 
{Btu/ft2- (Btu/ft2- (%) 

Day) Day) 

1764 1763 +0.06 

2037 2053 -0.78 

1750 1763 -0.74 

2604 2615 -0. 42 

1542 1551 -0.58 

1496 1505 -0. 60 

2508 2523 -0.59 

1949 1964 -0.76 

2024 2029 -0.25 

1838 1828 +0.55 

2156 2166 -0.46 

1538 1554 -1.03 



transcribed for input to STES. Table 29 shows good agreement between the pre-
dicted heating and cooling degree day values compared with the actual (from 
Tables 9-20) for each of the twelve representative sites. A comparison of the 
predicted and actual insolation values at each site is also provided in this 
table. 

Similar data can be obtained for any location in the USA from Reference 50 

for local electricity rates and from Reference 35 for direct horizontal radia-
tion and the percent possible sunshine. 

3.1.3.1 Ambient Temperature Data 

Maximum and minimum temperatures for each month are graphically presented 
on Pages 1-25 of Reference 35 for the entire USA. As noted in Reference 35, 
some care must be used in interpolating values from these figures because of 
local geography effects. 

3.1.3.2 Insolation Data 

The direct horizontal radiation available in each month of the year through-
out the USA is graphically shown on Pages 69-70 of Reference 35, while the per-
cent possible sunshine is graphically presented on Pages 65-66 of the same 
reference. Tabular values for these parameters are given for 156 specific cities 
on Pages 66 and 70 of Reference 35. As discussed in Section 2.5.1, other sources 
exist for more detailed information over a shorter time period, which can be 
used if desired by the user. 

3.1.3.3 Local Electricity Cost 

Reference 50 gives the cost of electricity to industrial users in cities of 
over 50,000 population for two energy usage rates (200 and 400 kWh/kW-month) for 
each of several billing demands. 

The ratio of the two energy usage rates at a fixed billing demand determines 
the coefficient, c2, in Equation (29), Section 2.4.3. The coefficient, c3, is 
determined by the ratio of either the 200 or 400 kWh/kW-month at two billing 
demands and the coeffficient, c1, is then found from the actual cost of electri-
city at any billing demand and energy usage rate. 
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For the sample case, Reference 50 gives the following cost data for Boston, 
Massachusetts (Blue Hill), which is shown in parentheses in Table 30. Examina-
tion of Table 30 shows how the four cost values can easily be used to define the 
constants c1, c2, and c3. 

TABLE 30 
COEFFICIENT CALCULATION FROM ELECTRIC COST DATA 

FOR BOSTON, MASSACHUSETTS 

Bi 11 i ng Demand 
(G-3/11 Schedule) 

150 kW 1000 _kW 
$ $/kWh $ $/kWh 

200 kWh/mo-kW (1604) 0.0535 (10,762) 0.0538 
400 kWh/mo-kW (2494) 0.0416 (16,697) 0.0417 

ln{0.0538/0.0417} 
ln(2) = C2 0.3664 

ln(0.0417/0.0416) = C 
1 n ( 0. 15) 3 -0.0022 

0.0417(1000)-0·0022 (400) 0·3664 = Cl 0.3691 

3.1.4 Collector/Array Characteristics Input Values 

The STESEP program has built-in default values for characterization of most 
of the system component/subsystems which are changed only by reprogramming. 
These characteristics have been described in Section 2.0 and will not be repeated 
here. 

The characteristics of the solar collector/array must be input by the user 
in the form shown in Figures 16 and 17. For solar thermal systems, the concen-
tration ratio (CR) of the collector is entered in the first columns followed by 
the reference (optical) efficiency (E0C), the convective loss coefficient (UC~L), 
the radiative loss coefficient (EM), and the number of axes used in tracking, 
NAXE. NAXE = 1 selects a N-S oriented 1-axis tracker while NAXE = -1 selects an 
E-W oriented 1-axis tracker. NAXE = 2 selects a 2-axis tracker and NAXE = 3 
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selects the central receiver option. If a nontracking collector is used 
(NAXE = 0) or a N-S I-axis tracker, the default attitude is a tilt equal to the 
latitude in a N-S orientation. Input of a tilt deviation (DTLT) allows this to 
be varied. For solar photovoltaic systems, the radiative loss coefficient (EM) 
is replaced by the thermal loss coefficient (BETA)* for the solar cells with the 
remaining collector inputs staying the same for both types of systems. 

3.1.5 Operational Data 

The primary purpose of the STESEP computer program is to evaluate the effect 
of component operating conditions and size on the economics of the system so 
that the input data described in this section is used to optimize the STES design 
according to the user's ground rules. 

The operational data input format is shown at the bottom of Figure 16 and 
consists of output option and control mode flags followed by the size and per-
formance data. 

3.1.5.1 Output Option and Control Mode Flags 

As discussed in 3.2, the STESEP computer program output can take three 
forms: 

1) Leaving EFT and BFT = 0 produces the electrical load control mode 
for solar thermal systems. Setting EFT= 1 produces the thermal 
load control mode operation with hot thermal energy storage. Setting 
BFT = 1 produces the solar load control mode with battery energy 
storage. Photovoltaic systems set BFT = 1 automatically. 

2) Setting NMAX to +1 removes the local profile requirements (2.3.7). 

3) Setting NMAX to a value greater than zero produces an hourly print-
out for the month determined by the value of NMAX. 

4) Setting LMAX to one and NMAX = 0 produces a monthly energy usage 
printout. 

3.1.5.2 Solar Thermal Systems 

The input data for solar thermal systems are: 

*See 2. 3. 1. 4 
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1) ARAT - Collector size divided by floor area 

2) RMAX - The maximum demand rate allowed divided by QT* 

3) BUY - The minimum purchased energy usage rate allowed divided by 
QT* 

4) T0 - The condenser temperature for the PCS subsystem (0 R) 

5) TT - The turbine inlet temperature for the PCS subsystem (0 R) 

3.1.5.3 Photovoltaic Systems 

The input data for photovoltaic operational conditions are: 

1) ARAT - Array area divided by floor area 

2) AFPRt - Flat plate collector area divided by floor area 

3) BUY - The minimum purchased energy usage rate divided by QT 

4) T0 - The flat plate collector outlet temperature or if AFPR = 0, 
the coolant inlet temperature for the array (0 R) 

5) The outlet temperature of the array coolant (0 R) 

3.1.6 Run Termination Input 

The STESEP computer program will continue to accept operational data input 
until a collector/array area ratio (ARAT) greater than eight is entered. Then, 
the program prints out the system size summary and will accept new component 
data for multiple runs, as shown in Table 28. 

3.2 PROGRAM OUTPUT 

Prior to making production runs with the STESEP computer program, data 
checkout runs need to be made to ensure that proper hourly and monthly (daily) 
results are obtained with the data being used. For this purpose, the run option 
flags NMAX and LMAX are used. For NMAX greater than zero, hourly results are 
obtained; for LMAX greater than zero and NMAX = 0, monthly results are obtained; 
while for NMAX = LMAX = 0 (default condition) yearly results are obtained. 

*Building lighting load defined in Equations 42-44. 
tlf AFPR = 0, then the array is assumed to be actively cooled. 
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3.2.1 Hourly Results 

When NMAX is nonzero, the STESEP computer program conditions are set to the 
month defined by NMAX and the hourly energy balance is printed out as shown in 
Figure 19. This allows verification of the building hourly load profile. 

3.2.2 Monthly Results 

When NMAX is zero and LMAX nonzero, the STESEP computer program will print-
out the monthly building energy usage as the average daily usage for that month 
as shown in Figure 20. 

3.2.3 System Descriptions and Yearly Results 

The default output option for the STESEP computer program is the selection 
of the minimum annualized cost system from a number of user-selected variations 
in the operational parameters following checkout of the input data. 

For a solar thermal STES for a large shopping center, Figure 21 shows 
typical intermediate output from each case considered by the STESEP computer 
program while Figure 22 shows the system size summary for the minimum annualized 
cost system considered in the cases analyzed. Figure 23 shows the equivalent 
intermediate printout for a photovoltaic STES, and Figure 24 shows the sizes for 
the minimum annualized cost system. 

3.2.3.1 Intermediate Prinouts 

The intermediate printouts show the changes in annualized cost produced by 
the operational conditions considered by the user. 

Figure 20 shows a line of intermediate output for each case considered 
(Lines 170 to 250 of Figure 16) giving the annualized cost of the case con-
sidered, ACST, of the system; the minimum annualized costs of all prior cases, 
OCST; the operating cost, OPCST, and capital investment, CINV; the average 
daily solar energy input, QS0LAR; the energy usage/kW, USE/DEMAND; and the two 
estimates for the breakeven cost of electricity from the system, $/kWh HIGH and 
LOW. 

These results are useful to: (1) examine how sensitive the results are to 
the range of parameters considered and (2) improve the guesses used if a re-
submission is necessary. 
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Figure 20. Monthly Result Printout Format 
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Figure 22. System Size Printout (Solar Thermal) 
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Figure 23. Intermediate Results for Yearly Calculations {Photovoltaic} 
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Figure 24. System Size Printout (Photovoltaic) 



3.2.3.2 System Size Summary Printout 

The primary output of the STESEP computer program is the list of equipment 
sizes producing the minimum annualized cost system as shown in Figures 22 and 24. 
The equipment sizes, efficiencies, and operating conditions can serve as input 
to more detailed analysis programs( 2- 4) or can be used directly in system com-
parisons. The capital investment and recurring cost summaries show which compo-
nent systems are influencing the economic feasibility of the system. 

3.3 PROGRAM LIMITATIONS 

The STESEP computer program is a screening device intended to be used in con-
ceptual design studies, feasibility studies, and as a preprocessor for more 
detailed programs. 

Attempting to predict the energy usage of buildings is dangerous at best, 
since only previous environmental and customer usage traits are known. Different 
operational hours in the future as well as change in climatic conditions make 
extrapolation of present day standards questionable. However, to use long-term 
climatic conditions instead of actual weather conditions for a specific year 
probably increases the accuracy of the results when energy usage over the system 
lifetime (rather than any one specific year) is the criteria. 

The STESEP program cannot be used to evaluate: 

1) Daily startup procedures 

2) Response to cloud formations 

3) Internal HVAC systems configurations 

4) Building thermal requirements 

5) Effects of time variable cost parameters 

6) Solar thermal systems other than superheated Rankine power conver-
sion systems 

7) Thermal storage systems using a second fluid 
8) Phase change thermal storage systems. 
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3.4 TYPICAL METEOROLOGICAL YEAR WEATHER TAPE (TMY) 

In addition to using the Deterministic Insolation Model (35 ) for the local 
environmental conditions, the STESEP code can utilize the Typical Meteorological 
Year Weather Tapes developed by Sandia Laboratories for National Oceanic and 
Atmospheric Administration (NOAA) from the SOLMET( 53 ) tapes. 

These tapes must be obtained directly from NOAA, Computer Products Branch 
at the National Climatic Center in Ashville, North Carolina, and are expected 
to be available for the original 26 SOLMET cities in either IBM or CDC compatible 
format (EBDIC or BCD). The cost of these tapes is not known at this time but is 
expected to be close to the $60 per reel currently charged for the SOLMET( 53 ) 
tapes. 

The typical meteorological year tape for the site of interest must be mounted 
(special instructions may be required) and defined as UNIT 1 to use this computing 
option (INS0=2). The TMY subroutine then reads the insolation and air temperature 
data from the tape for use in the STESEP code. 
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3.5 SAMPLE PROBLEMS 

Figure 16 lists the input for the STESEP sample problems which consider a 
solar tota1 energy system application to a large shopping center located in 
Blue Hill, MA. For this application, a Rankin solar thermal STES is analyzed, 
first yielding the intermediate results listed in Figure 21, and which relate to 
the operating conditions listed as lines 00160 to 00460 in Figure 16. In these 
cases, both total cascading of the PCS energy (lines 230-310 and 380-460) and 
partial cascading (lines 170-220 and 320-370) are considered along with using 
fossil fuel to add additional energy to the working fluid (lines 170-310) versus 
no additional ener9y addition (lines 370-460). The STESEP code then selected 
the most cost effective case from those analyzed and produced the system size 
summary shown in Figure 22. As indicated at the bottom of Figure 21, the best 
case was the 12th case considered (line 230) and indicated that in this applica-
tion, total cascading of t~e PCS reject energy was desirable using only enough 
collectors to meet the building daily load without a significant amount of 
storage. The monthly use to demand ratio was decreased from 309 kwh/mo-kW to 
215 kwh/mo-kW which may or may not be acceptable to the utility within the exist-
ing rate structure. From Figure 21, it can be seen that several other systems 
considered have annualized costs that are lower than the original reference cost 
and hence are also cost effective systems (e.g. cases 11, 13, 27) and which may 
be worth further consideration by a more detailed model of the system along with 
the selected case. These cases were selected based on the high fuel cost esca-
lation rate assumptions and correspond therefore to the $/kWh LOW breakeven cost 
of electricity listed in Figure 21, The comparitive breakeven cost of electricity 
for the low fuel cost escalation rate is also shown in Figure 21 as $/kWh high 
and indicates that Case 12 would also have been selected for those economic 
conditions. 

For evaluation of the annualized cost of the system under other economic 
assumptions, Figure 21 also lists the operating costs and capital investment for 
each case that can be used with the Reference 6 analysis to compute the annualized 
system cost under different economic assumptions. The monthly result sample 
problem (input lines 480 to 510 in Figure 16) for this building gives the results 
shown in Figure 20 where the average daily energy usage for the month is listed 
in kWh for the lighting (QELC)~ cooling (QRFD), and heating (QHED) demand loads. 

AI-78-18 
100 



The average daily use of fossil fuel (QAUX), purchased electricity (QBUY), collec-
ted solar energy (QCOL), and cooling tower energy rejection (QDMP) are also shown 
for each month. The last two columns of the printout shows the cooling available 
from cascading the PCS reject energy (QRFA) and the required additional cooling 
from a vapor compression chiller system (QVCR) so that QRFA + QVCR equals QRFD. 

The hourly result for the sample problem (input lines 520 to 550) is shown 
in Figure 19 and gives hourly usage for the same parameters as the monthly result. 
In addition to checkout usage, the hourly result format can give insight into the 
effects of the daily demand profile on both auxiliary energy usage and purchased 
electricity. 

The final sample case (input lines 560 to 680 in Figure 16) considers a 
non-tracking, non-concentrating photovoltaic array STES using flat piate collectors 
for the building heating load. Fewer cases are considered for this application 
where only the array area and flat plate collector area are varied. The inter-
mediate results are shown in Figure 23 and indicate that a fairiy large array 
would be desirable as considered in Case 8 (input line 660 in Figure 16). The 
system sizes for this case are shown in Figure 24. For the economic condition 
selected (high fuel cost escalation rate), the photovoltaic STES is better than 
the solar thermal STES (Figure 22) but examination of the breakeven costs of 
electricity listed in Figures 23 and 21 show that under conditions of low fuel 
cost escalation the solar thermal STES has a lower breakeven cost of electricity 
and hence would be more cost effective. Consequently the results of the analysis 
must be related to the economic assumpt-ions used to compare the systems. 
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4.0 PROGRAMMER'S INFORMATION 

The So1ar Total Energy Systems Evaluation Program (STESEP) consists of a 
main program and four subroutines, which are listed in Appendix A. The code is 
available for either IBM or CDC usage and uses 76 kilobytes of memory during 
operation. 

The code is intended for use through remote terminals and uses free-form 
input data read from tape - file 5, while output from the code uses tape -
file 6. Since these are the default input - output files, no special file 
designation is required for operation of the code on either an IBM or CDC 
computer. 

A detailed flow diagram of the STESEP code is given in Section 4.2 and a 
glossary of the code symbols is listed in Section 4.3. The code itself is de-
scribed sequentially below in Section 4.1. 

4.1 PROGRAM DESCRIPTION 

Input data for the site and building characterization are read from file 5 
in free format at the beginning of the code. The numerical constants and code 
default values for STES equipment are defined between statements 10 and 15. 
Between statements 15 and 20, the code can optionally (INS0 = 1) calculate 
monthly CF and CN values from total horizontal insolation and percent possible 
sunshine as described in Section 2.3.6. The default annualized cost parameters 
are located between statements 30 and 35. Initialization of problem parameters 
occurs between statements 35 and 50. The start of successive problems can 
start at statement numbers 10, 35, 45, or 50, depending on the value of the 
parameter ARAT (see Section 3.1.7) 

Input data for STES parameters is read from file 5 in free format between 
statements 35 and 55 and is not printed out on file 6. Default fluid properties 
are evaluated between statements 60 and 65 with the start of yearly calculations 
just before statement 70. 

Insolation calculations occur between 75 and 80 followed by either:(!) 
photovoltaic array calculations from just before 65 to 75, or (2) solar thermal 
collector calculations between 75 and 95. 
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Control option calculations occur between statements 90 and 240 fo11owed 
by energy storage calculations between 240 and 260. Hourly usage parameter data 
is stored in the Z array between 260 and 270 and is followed by a thermal (QBAL) 
and electrical (EBAL) energy balance to ensure proper operation of the code. 
Between statements 270 and 290, daily energy usage and maximum parameter values 
are determined. 

From 300 to 450, photovoltaic array cost calculations are made. Annualized 
cost for the system is calculated using subroutine TAC. Parameters for the 
minimum annualized cost system are stored in the R array for later use. From 
450 to 500, the same computations are made for solar thermal systems and from 
500 to 600 the saved results are converted for printout usage. 

The primary code output is defined between statements 650 and 999 where 
a one-page summary of equipment sizes and energy usage is written in file 6. 
The primary code output is defined between statements 650 and 999 where a one-
page summary of equipment sizes and energy usage is written in file 6. The 
code then either terminates or returns to statements 10, 35, 45, or 50, depending 
on the value of the parameter ARAT. 

4.2 PROGRAM FLOW CHART 

The following pages present the flow diagram of the STESEP Code which was 
described in Section 4.1. The first 25 pages cover the main program while the 
last 8 pages cover the four subroutines TAC, PRINT, PRINTV, and TMY. 
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/(1(1000"::3 1) ... I t~C1TE 15 

\\ ~I,3T == liE~, m::.:1 J'1 

/ oooorn-to, 1i; 

/' READ FROM DE\/ 

/ VIFi FO~MRT i 
/~r-no TH~ LI'=:T 1/ 

I 

LET= ClT 

/(ICQ01l35(, 
--'----

/ READ ~ROM DE\/ 
/•./IA NAMEusr / 

/
1
; nro TH~ LI ',:;T ' ,/ 

LIST = TU 

,00000%,; · I 20 

/I f;:EAD ~POM I1E';./ 
/ VIA NAMELIST / 

/rnro TH~ LI'.::T / 

/(10000360-·: tsOTE 21 

11 LIST c = TL 

I 
/(100003(1_).,) '··~ 22 

,/' '·,\. 

FALSE_,/ ', 

-----02. 25~ 

__ ,,.,/).__· ;::s 

Ffl!..SE ,-- ,/ ··, ... ,~ 

r-(~~. INSO .GI. o/;-
,,...,_ ,' / 

" / 
'[TRUE 

J(l0001)3•;1(1-- 2•~> 

/ PEAD !="Rot; DE\"/ 
I - , 

/ \/IA tiAMELIST 1 '' 

//IHE1 TH; i...IST // 

' 
' .1(10l)0(139(L'! rlOTE 3•) 

LIST = PP 

! 
/[l1J01)0400, 1 t·-IOTE 3:::: 

AI-78-18 
105 

DT'-' == 1CI. 

RED = 2. 

EPIPE = • '?': 

RC\':: = • 5 

EFB = • 85 

EHiV = ."3':S 

TE = 50::,. 

TO = TE 

TT = TE 

I 
/0(1(1[107'10/-1 

TFM = 525. 

EFOS = • 7!:, 

t<MA>-: = 1:' 

ccor,i = 1000. 

VCOP=4.5 

DTLT=O. 

/00000770/ 

IrH = .1 

HLAG == B. 

UMit~ = 1oe. 

DLRT = DEG, I1RAD 

40 

41 



U:~,T = EL 

/OOOOOC:(H)• I (l8 

/ Pff1I1 FF:DM Di='.',,i / 
/ 5 / 

/ \/IA t~~MELIST / 

1
/JNT(I THE LIST/ 

I 
/00000~:~1(1, ~iOTE 09 

LIST = OL 

I 
/OO(H)0.:'.:!11),·j 10 

/ R.EAII FROM DEV,/ 
/ 5 / 

/'v'IA t--iAMELIST ,/ 

fiNTO TH~ LIST / 

.,.-00000~:1 o,· t~OTE 11 

LIST = HL 

/00000320/; 12 

/ REAI1 fROM DEV __ / 

/ VIA NAM~UST / 
! • I 

/ INTO THE LIST./ 

I 
/00000:320,--j norE n 

i: LIST = nAOP 

13.11=:I 
10 14 

j READ FROM DE'·/ / 
,' / 

/~,IA r~AMELIST / 

INTO TH~ LIST/ 

I C "· '-•,"·· --· 
[TPl.!E 

i 
I 

/(l[l!)(!Q.;":-;-'l) 

/ READ FROM DE'v / 

/\,, 1 A HriM~L 12-T / 
/ / / rnro THE Ll ST 

/00000370' tiOTE 24 

L!?T=HH Ji 
/)· .• ,_25 

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

("~--- IN=C1 .LE. 0/ 

·", / I 
'-.. .,/ f 

~~RUE ! 

I 
I 

/0(10(103t30,·'
1 

26 

REA'D FRC1M DP~,/ 

/ I/IA N'1M~L IST / 
/ "" ' / INTO THE :...IS:T / 

/OOOOO,,eo--1 NOTE 27 

LISTi = CN 

AI-78-18 
106 

34 

/ F.EA:W FF:.::11,1 I1E'I·'/ 

/1.11A MAM~LIST / 
/ ;(r: / 

/ INTO THE UST / 

/(1(1000410, t~OTE 3"::r 

I\ LIST = C:1, C.2, c:::: !! 

I 
~:1,HH) niJMERICRL 

Cott~:TANT:~, •.YO>. 

i 
.,,~10000450/ I 
t PI = 3.14159 
i I SIG = , 17!8E-8 

I :::c -== 42s. 

I
i DRAI• = 18(VPI 

CTON = 12000. 

..-oooooso(1 -I 
I 

XJ = 77J:.. 

GC = 32. 1E, 

cc = 3414. 

HR = PJ/12. 

FTM = • 0929 

37 

it:!f.it:JC>: EDUI~MENT 
COMSTANTS !Q:•,;.r 

.,;• ,u, DEFAULT 
'l"FILUEf, 100;:o, ··1'---

' ~,,u,.»<>~-~ cRL·:·uLPT1on 
or C.'" Rm1 

en :"=.-.>,i:r,:t~.o .. -¢='?:l>.'tr:<-

</ 11t30 
'-. 

-, TRUE 
,LE.. Ci _,....,

1 ,../~/'" 

tiOTE 44 

£EC~It1 DO LODF' 
2:, _! = 1 • 12 

/00000870' 

HHCJ) 
CC*FTMit:HH(~1J, 3(,. 

i , 
,_J_j 

i 3. 01 



oc:~·21.,72, 

UiAPT TITLE - F-"PDCEDU~'E':: 

02. 45~ 
I 

IU = 30*-J -

COSD = 
COS CIIJ/DRAD:1 

DEL = 
23. 45»:SINC. 0172:<> 
c2:::4 + DJ)], I1RRD 

/(1000091 0/! 

PF = .9?·:=, -
• 0-~4:e;-S.HlCDEU 

SUM = O. 

::>UM2 = 

SUM~: = (I. 

I 

[11 

02 

/QOD00·360/ i NOTE JI':. 

I! BEGrn DO LOOP 
I! ;::o ~.- = 1, 24 

w =, I 
COSH cosrnno, 
cos: 

SIN(IILAT) 
~-srnCDEU + 

ci:1::;H~Co·:: f DLAT) 
~CIJSCDELJ 

RUTOFLOl1) CHRF.'T SET - STE':OEP STE::,EF' ,::01Ir:: FUJl1JCHr1r::r 

i 
02. 43--,.< 

:30 : t·10'"'."E 1 O 

COlHil.iJE 

i 
I 

~!O:»:+ BUE .. TIN 
Ai"iNUAL I ZED COST 
DATA :O:~:t.~ 

~0000114e,, 11 

FCST 
2, 5E-6»:DROP~Ci: 

FCSP = 
FCST -'DROF·/CC, 1. 

055E-6 

>·:GF = • 06 

XGF = .1 

~w = • os 

:ic:G = • 05 

MP = 30 

NL = 20 

NY = 20 

•!~L = NL 

I 

12 

AI-78-18 
107 

TF:IJE 

·-.... .....,____ _..,. 
)~ 

'"---, •. 

'[FAL% 
I 

I 
i 

••'00001.:::5(1 .. ' L 21 

/ REFIIJ ~Rm~ DE}, i 

/ '·/ IR ~ORMF:T / 

/Iino TH~ LIST_,/ 

/00001350/ tDTE: 22 

LIST-= STES 

/(10001370,.. t-lOTE 23 

EEGH1 DO LOOP 
40 .J = 1, 12 

·'00001380' 25 

j PF"(.JJ =:;;. CFCJ)~~2 

~:Q:~9~·F'.IfHOUT 
FORMAT'..:; ~:,:,,io:~ 

PETUPtl TO S1'SIEM 



P.rl;>E:\:P::-B·: )7 
_..c[[r;::) 

'.::,UM.3 = ~IJM:.:.· + 
CD-:.: 

21 

CFt~:: . 
• 1.t:SQ"TCPF·(..JJJ 

H, = 
l .33"tcHh 1:J) 

.-'RR/'::FC~1:1 

Cl~[J) = rn:,: -
• 3::::o::pi•SC'1'8UMJ:1 

/SUM2 

0( 

F•::f.:• = ·:i:·p,:- -
• .:1 •:,-:JiL::. ,i; . .,. 

. 0225 

FR:: ::: L 

TAM = EOO. 

F:MA,', = 0. 

'.BUY IJ. 

/OOOOJJ(10' i 

14 

15 

,/ l.1.IR ITE .- TO DE'•/,,,/ 

/ ',/IA FO~:MAT 
/ ~7 

/!='ROM THE ;,..rsr 

/0000131)1).f I HOTE 1t-

'....IST :; BLii' en 

17 

T':::T = 1.E .,. :;:s 

• O I) ''.>l :::;, i ~FOM DE ,7 
/ VIF, ~-lAMELIST / 

I • I 
/ Iti"";O THE LIST/ 

/0('0('13'30·· I NOTE 1'~ 

I r--iisr ::: _ c~-, -~~~c, 
jj UCOL, dl• hHl,E• 
1! DTLT 

AI-78-18 
108 

I 
I 

,' (i·:1001-+%,] t•i 1]TE ,:_7 

4(1 J 
2'3 

H{D OF DC1 

LOOF·~, _/~/. 
""'-. . 

/ RERI1 FROM DE'1/ 

/<'IA fi~M~U,:T / 

/ HlTO THE LI ST / 

i 
j_; 

/ 4. 01 

-



08.-·21,·?8 

CHRF~T TITLE - P~:o•::EDUP~5 

03. ~:1------• i 

.,-uooo14:;,o..,
1
· t~OTE 01 

1/ u·;r = EFT, 
l I MMA): • NMA:•'. • 

I 
I 

BFT, 
LMR>' 

/(1(1001440-·'.1.. ... , ... 02 
/ ' 

TRUE. / '--.,, 
,------<_ NMAX _ + LMA>: ) 
I '"' .G,. 0 / 
I ' / 
I ".,./ 
I ]FALSE 

I I 
i 

/00001450/1 o,: 
I I 

/

/ WR!TE/0 DEV/
1 

, VIA FO~:MAT / 
/ ~o I 

04. 02:=:j 
50 I 04 

! BFT = EFT~BFT 

I t~ = 0 

I 
/(1(10(1142~ 05 

/READ FR;;;;- DE\/// 
/ 

5 
VIA NAMELIST / 

nno TH; LI ST /' 

/000(11480/ HOTE OE. 

LIST=~~ 
RT'IH>;, BUV, TO, 1 
TT, DTAIJ•(, DH.I I 

/(1(1001520,' i 12 

/ LIP.ITE TC1 I,EV I 
/ . f / 

/ VIA FORMAT ,,// 
/~P.DM T~~

2 
LIE;T 

I 
! 

1'00001520, t-lOTE l"3 

LViT :::: CLE(U ,L = 
1 ~9), LI1 

.,,00001s30 .... I 1s 

/
/ l.,.!RITE T(I DE\/ / 

/ VIA FO~MFIT II 
/~ROM 1At1 

u ST ./ 

,10000:::·:::o,·I NOTE 16 

I! Ll'3T = CLB,:U ,L = !I 
f\ 1,·7)~ LC- jl 

/'· 1? / "s" 

AIJTOFLOh! C.HAPT SET - STESEF' '=,TESEF' COJE FLOi.tlCHAF.'T 

-, 
/000011::.so I 

re c rr1 "'" nn: 
TCI = T01 + Dn: 

/00001710/ 

RHO = 77.4 -
• 0274~TC 

CF' = . E,i 

OCST = 
.1~6»:(?i.4 -

• 0274i.:TCD 

XLIFE = 
2. 25E-~511'D(P 

C37t:10,,TTl) 

-~-,, 
t .... 

~.(I 

25 

.--'000017:,0-' 2':, 

.J = 
Mi:i'.<OCLMR:-: ,tmR:<:' 

I 

t' 
Jil'!C. = 

MFf~,:oumc -
LMff:,1 ~t--lMff-'.) 

~;~n = o. 
SFPT = 0. 

SECFPT = 0. 

I 
,·0000194(1.,· 1 

SECT = 0. 

G!ET = 0. 

(!EL = O. 

EPCS = RC'r'C~ ( TT -
T(lj/TT 

AC = 
ARflTjj=Ffi:f.PPSM.,.."FTM 

• ut:1 

3-1-

/ "'--....._ 
,:~• c . LT. o. 3,)RLSE I 

'- / ' / -.... ,,/ 

AHi''.1 = 0. 

AIi~< = 0. 

DEGH = (,. 

DEGC = O. 

Heon = 24.~crc -
TCD 

/00001990, 36 
I 

AI-78-18 
109 



'•·"' / -~--~., 
FALSE 

/OOOQ151Cl'··~. nc 
//,., .......... --

FALSE.. 
,---: EOC • LT. 0. :;: 
I --.... ..... -...'-~...,,. /' 

"'-.,/ 
]'TRUE 

, .. .,,,J 
EFT = 1. 

E.50 

1 I) 

•rRUE 
1 

I I /00(11)181)0 · f'l•}TE 27 

I I 

,'00001'.'40. I.~ I ~--l-'F_T_2J 
) 19 

DTC = DT><>"2. 

OTM = Ql 

1):BU'"i° = BU'/:«l?T 

f.l:.,3Ih DO LOOP 
6:0 J = 1, 12 

(1P1:._;J 0. 

cu:: 0. 

\'(J) C. 

G!PCJ) 0. 

ZMU) = 0. 

/(101)(11860, 
QMA?: = 100.»;QT 

QSB = 0. 

TOJ = TT -
1. l~PC'tC:<tCTT -

TO) 

TT1 == AMA~=; 1C TT -

22 

I•TRU\~o~ :,
7

Tl i I DTAIJl<=C__J 

AI-73-18 
110 

,_I = ,..!!NC 

2:. 

31 

:')'l~~'¢'.::,TP~'f Of=' '/Et,:;,:_·,' 
C.AU:::ULATI:Jit:: !,I,.~:.,,;,.'(; 

' 

F:El,!lliD 1 

i 
f(ll)0021)J.3)·._ 

n1,1F1:: .1JT. i:. 

')FALSE 

TRUE 

"D0002050, t~OTE 39 

BEl;,lt1 I11) LOOP 
290 ~I= JHiC, 12, 

Jit·K 

04. 3C:J>-4e-------l. MOTE 4(1 

.E:EGIN DO LODF' 
75 L = 1 i 12 

(15. (f4____J 

,.,),, 41 
.,..~ ............. 

// ' 
'~ UH: . GT. ,::~fl,LSE 

,......___ ,., 

/ I 
·1·TF:LlE (~-,, ·,.,':'.') 

~( 

/ .'J./)l 



os,-21,.-73 

CHART TITLE - PROCEDUf?ES 

04. 41-:::=::.:7 
.,-00002070/ I 

QPCU = O. 

Q(L) = 0. 

01 

02 

75 03 

zcu 0. 

..-000021ocv 06 

SMT = O. 

07 

Q:3 = 0. 

AUTOFLOJ.,J CHART SET - '::;TE:=::EP STE:":;EP CODE FLOliJCHAl?T 

05.127 
I 

Ill<= f'. - 12 

I 

13 

:O:!IIH•. SOLAR 1NSOLATION 
CALCULATior~s !t,Y,l;~ili,~ 

I 
,·00002260,J 14 

j FSD = 
/ AMIN1Cl. ,. 05 + ! PPCJ)/100. J/CF(.J) 

i COSH = COS C m'.:o:HR :1 

l s rn~gs~•!2 -

I 
/(100022-:io., I 

!'(10002310.J 

GOSZ -= 
AMR'.X:1 CSINCDLRT) 

W.S!NCDEL) + 
COSH*-COSCDLAT=1 
w.COSCDELJ, O. 01 ). 

BB = 
!:(J)/Al1A~'.1CCOSZ, 

0. 001) 

;'(10002339"-·' '" 17 / '-,, 
FALSE;./ '--._ 

I------<-..., lff: • GT. 170. ;> 
' ,/ '·· / 

AI-78-18 
111 

15 

16 

1'00002370.-~/ 24 

I s = SFP 

/QO(l023C:O ,· i 26 

.-:: = S:o:SQP.TC 1. -
SI NH2~COSC DEL :1 

1u,:2:i 

,/.I -, ...... {;.( 

/ '-, 
/ '·,FALSE 

<.,. r·-JA>;E • EQ. - 1 _:.------, 

'"- ,/ i 
' / i ,, .. ,..,. I 

!TRUE I 
I I 

,,00002400/~ I 
S=S~C~ 

!U), HOURLY L0I=iri 
CAL CUL AT I or-is ;!•.Iii 

I 
,,0000243,vl 2':4 
I 

PAGE 05 



D._i = :31).(>:J 

TCL = T(1 - DTC 

il1I1 = 46(1. -1-

TU(JJ 

/000021i::,O 

D rAM = TIJC.JJ -
TLCJJ 

DEL = 
23. 45~~-Ui(. 0172<> 
(284. + Il.J) )/IlRRD 

RA = 
SC:l):FJ(._');>(,999 -
• 094•S Hi CDELJ ) 

/00002190 

r%TP = ~; 

I 
/Oooo22oo/•·, 10 

_.,/" ....... "'-..... 
FALSE,,/ 

-: --<. ~:so .,;r:,,>> 
I , . 
i •1;:UE 

I 

/00002200., I 
2 

I 0 

ic, 
l1 

n,y 
CJ,t'IMA:,.:,S3M, 

TSM:1 

o:; 

O'? 

11 

tlOTE 12 

BEGIN DO LOOP 
280 }: 1 24 

_., (11)(1:)2330 

'----I_:E:_=_1_7_G_. _] 

s = 
AA*CFCJ);o;D(P~-I:E:, 

»:CHC _!) 

/000023~,0,' 21 

S = SSMCU I 

= COSZH• CS + 

22 

11. • 384~Sc.J,.-1. 3:~ 

AI-78-18 
112 

TA = TAD -
t1TRi'1~1: i • .,_ 

i:-ci·:ccrw + 
HLA1;1)*.HRJ:J 0 E.. 

TA = TSMCK) 

DT:BA = TRM - TA 

DE13H = DEGH + 
3€.5. ,.,AMRXl CDTBA, 

(!. )/DJMAX,'24. 

DEGC = DEGC -
3E.~,. ~AMIM CDTBA • 

O. )/DJMA:>V24. 

I 
I 

.... 000024:::0_,, I 
QRFrl 

QTw.(CEU>EL(V) T 
CVR•OLCK) -

CHL»:CRL:(:(Af1IN1 
CDTBA,0.)) 

QET = QET + 
ELCK)!i>:GlT + 

QRFrv',.JCOF· 

I 

/ 6. 01 



08-'21.·78 

CHAJ.:T TJTi...E - F'~'tXEDUF:E•:, 

(!HED = 
Olli'l(C\/H)):iJLO'.:t -

CEL'lfELCU + 
CHL:0-:AMR~:1 CDH:A • 

D. J .._ CHD~Hi...C\:..J) 

PHED = 
AMfl:,.:1 CQHEI1, 0.) 

/00002520,· j 
QTM = 

RMA:,<1 CC!TM ~ELCI<) 
*C"1~ + OPFn,vcoF·:i 

i COP 1. 

01 

(12 

1
,. • 35~~~~(~CL - I 

ffl - DTC)-·'(TA + Ill 
!ITC - TU_...TCL 

.I 
I 

COP = 
f!MINHCOPd.) 

COP = 
flMA>~l (COP,.1) 

G!D = QT;(>'.ELU':) 

05 

I 

AUTOFLIJ~J CH;=tPT SET - '.3TE·.::,EP '3TE·:::EP C.OI:E FLOl.,.IC liA=·T 

AI-73-18 

113 

TC'1 = IITJ,1 + 
• 5!Cl'CTO + TTJ -

TRM 

.SEC = • '?5:t:',:,li'I( 1. -
EM.o:TC:11) :f:EOC 

UC 
AMA?(l CUM Hi, 

ccJ.•li'I•:, - SECJ.-··rm,n 

I 

15 

i 

ll)>" f,:JLRi:;• THEF.'MAL 
COLLE·:-TDF· 
CALCULATI 0~1S ~~'°" 

06. 1 D-----'>i 
9[! i 

;,:} = CTCl,. 
DTl,t),..CTC ... IlTI.,.\:' 

TC-i;:-• = ll + ;<:, 
XX'<'=:0:2 -,. }'.i'.k•l':' ... 

>::y:•"(,-4 )~c:c ... 
I:Ti.!):.o:~4,'S. 

/00,:,0291 (I 

SEC = ECIC• ;:, -
(U(.OL:c>.C. 5q'~TC- + 
TCI) + Iffl,I -

TA:1 -,-
SIG:<,;El"<\:(1;1:TCP 

TA§,0:4) :1 ,'CF· 

/(10002920· i 
SEC 

FSir*-Al·1P:,:HSE ,0.) 

I -
l ./ '-.. 26 

.. / '" 
FALSE_// ,---< IIA>'.E 

! ........ 
• LT • 3 -~ . 

.. / 

23 

2.5 



QPFA 
(l)D-111".( 1 •. ,·EPCS -
1.) - QHED).:,c(.(IF' 

QF:FR = 
R1,-1A2:1 U:lPFR, 0. J 

I 
...-oooc,2i;oo/) 

QRFA = 0, 

DQRF = QRFir -
QRFA 

I 
I 

/0000262'' ),~., 10 r ,_ ,,. ...... r ,, 
,/ '-. ..._ TP!II:" <~: .GT. 0,:/>7 --

"- /' I 
'-,._/ _,-l 

\FALSE ( t::-,-\ 
I l 22, I '";;; 
I 

Ju,:iu: PHOTO\IOL THIC 
ARRAY 
CALCULATIONS ltl::u;~iO:ii>: 

i 

..-00002670/ 13 

TCA = 
.8i0:CF'lf.::::0c(l. 

EOC )/UCDL + TA -
TRM 

SECFf' = 
AMA>~ 1 C. 8;,t;SFP -

• 8:t:CTFIM -
CC0ti'l24. -

TAJ ,O.) 

,00002690/ I 
DG!D = QHEI1 -

SECFP~AFPif.EPIPE 

QRU)<; = 
AMAi! CDQD -
QS, 0. )/EFOS 

DQI1 = 
AMINl(I11n1,1;!S) 

I 

14 

AI-78-18 
114 

•.;c = 
(UC-(. 0031:l)TT -

.15):ei:DH~;;,.2) 
iO:j:1:1. 25.•"RH0/3t,OO. 

QD = (1Ti<>.EU f<:i + 
10. 1>:'l'·C~~2113C~AC:ti-

SEC/,::F'.');._1,,-(TC -
TCI).-

/00002780- 1 I 

IIQ[I =: QHED 
EPIPE:.o:A[::Q:(·:: -

SEC - UCOL~TCR) 

l)AU~: = 
AMR'.<HDQD -
OS• 0. )/EFOS 

DQD = 
AMiti1CDG!D,QS) 

85 
,j 

SEC = . 95:o,;3.: C 1. -· 
EMlO:TC.A) ~EOC 

SEC 
F:::Dit:AMR:>~1 C.SEC 0.) 

QAU>:2 = 
EI n\.'!Q:AC~SE.C 

.QD = G!TKi=EL(KJ + 
QPFD....-VCOF' 

18 

20 

21 

TRl_,E 

-00002·~:30, 27 

I =. i'"~" 
,// " ..... co 

r 
~Z:·/·nA:-<E . GE. '"'-

'~-;RUE 

i 
i 

,'00(1(1294(1' I 

SEC 
SEC::11::::1JRT ( • 51to: C 1. 

COSZ)) 

:a;~io: PIJMF' ±tiG LOS'.:, 
EST I M11TE iui~ 

I 

21:i 

-



O':,. 3~ 
/00(1112~•?[•, I 

UC = 
AMA:·:1 CUMIH, 
CR:(!;SE::/IlTltlj 

vc = 
(UC.,•(. 000::!li>TC -

.15H;DH:(>c~, 2) 
!•.*1. 25.··'PHO 

/(1000:30E.'0' 

PLF = 
1 o. ~vc;o;'(;:2 ,··sc 

i 
I 

_..,cooo:::02.~-~\ o::=: 
/ ' 

_ _..,~/- ... , ...... 
FALS~ t~A:--:E • ~IJ. ·:, -~,,. 

Il

l -··,""-.,,_ _,/ / 
""-,l~RIJE 

I 

I /00003030, I 
PLF = PLF + 

• 36,.,SQRTCAC) 

QD = C!HEL(f:::) + 
PLF;o:AC:(l'SEC ,,-cp,·)<J,, 

(TC - TC!)/. 7 

I 
,o· C:Ot--iTP1)L OPTioti 

CALCLILATI Ori ••• 

O:!. 

04 

05 

AUTOFLOltl CHRPT SET - S TESEP STE~:EF' C'JDE FLOI.JC HfiRT PhI3E 07 

-, ---(l~.09~ 
I 

QPFH 

11 

(QRLl>'.2 •.( 1. -·EPC';. - l 
1.) - F!rlEI1):d-COP j 

QR.FA =-
AMA>:1 CQPFF1, 0. J 

I 
/Q(IQ(l~:150.,,,."-, 12 

,// .. ,'- ..... 
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OH'~'A,: = (<':"tHED ..;. 1 

At•:ItH LQPFD ,(1~:Ffi:1 
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[ri;,:FH ,'C:OF 
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CHA~:T TITLE - F'ROC:EDUPE::, 

,..00003510· OE: 

u::: =- • 15:HiC -
TR) :0: i: HC•r'VG!S) '°'~-. -3383.,"E,0(1. 

UC<, 1. 

03 

/0(10(l253(V 05 

ucs = 
2.5E-4i«(TA -

TE)wCCCot-VQCS) 
lt::0'..3333 

QC'c' = AMA)\!( 1. -
UCS, O. )~QCS 

06 

1-,---/~~ 
+ s 

12 

I SECl='PT = S::CFPT + 
SECH 

SFPT = SFPT + SFP ! 

~• !11TERJD !ATE 
PRIMTC11Ji STORAGE ~'°' 

I 
.,,oooo.:=:690.,· I 

2c1:i = or. ·cc 

2(3) = OHED....-cc 

Z l 4) = OAIJi-:;, CC 

/00003730-' 14 

ZC5) = QEL/CC 

Z C 6 :1 = AC•SEC/CC 

ZC?:i = QDMF'/CC 

Zr.8) = QRFA/CC 

,...0000317(v 15 

ZC9J 
AMAAl (DQRF -

C!CS, O. )/CC 

2(1 0:1 = 
CBFT*DQP, + (1. -

BFT)ll:DQil).·cc 

/OOOD37S:O..- 16 

2(11) 
BFTll'(6R-FCC + 

C 1. - BFT)iO:G!S/CC 

:c12J = QCS,···cc 
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1'0000'.::5/Q,,J ... 
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I 
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I 
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AMIN1 ((~SI; ,DQI:) 
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BFT-DQI: 
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:ci:1 - :1:::::1 -
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ZC'?) == 
G!T~:CHD• .HL( r::i /CC 
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CCl) = 

9. 2'::l;o:A(::o:i=( l. -i-
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C(6) = CC6)!tl!REI1 

CC') = (:, 
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/ l;RITc, TO DEV / 
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OC':T:rt'C.C~ZM(t;:.) 

/HCOl'J/,-.'.LIFE/4. 
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R(8,1) = ZMC3) -
ZMC'?) 
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11 

I 
I 

-'00004880/ I 12 
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C(8) 
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F:C.3 i2) = CTTl -
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/[10005460. / 
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CHHRT TITLE - F·F.OCE.DU~~E:3 

11.31~ 
/QJ_/(1(!588(1,- I (I.:_ 

•cu:(!' SYSTEM SIZE::"; 
l-'C7,4) = TMP(TE) PRHHOUT SUMMARY !II,:~~•-

PC( ,5) = QPC2) -
QPC'~) 

RC8,1) = Zi'1C3J 

RC8,2) = 1. 

/(1000!392(V I 
/ Rm ,3J = PC5 ,4J 

02 

I

i RC8,4:• = TMPCTr.:~m 

PC9,1J = FTM,_,A.D/-: 

L
, RC9,2.J = .7 i ___ , 
/00005960...- o~· 

R(9 ,3) = R(5 ,4J 

RC9,4J = n7,3J 

F:.(9,5) = G!PC7J 

RC10d) = 
• 028•CC:•ZM C 12 J 

/CCot·l 
I 

.-'(10001:-0(10/ I 
R(10,2J :: ESTO 

RCH,3) = TMPCTE:1 

RC10,4) =- R(Hh3) 

RC10,4J = 
TMP(Ti:. + 
CC0~/62. J 

/(1(101)6040/ 

R(ID,5) = O. 

RU 1, 1) :::; ZMC5J 

04 

05 
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NOTE 16 

CONTit-lUE 

/00006290/1 lf 

POl = ABCST 

F'02 = DECOST 

I 
,'00000310," j 
11 i fl 
5 i TAC !I 
I. j CFCF:,,ir.,XG, 1 (, I XGF ,tiL ,OF'(12::, If 
L:__ ABCST,NP,~fi') II 

,0000632(1,·I 

DPOI = 
100.it:CA!lC.ST -

TSTJ/ABCST 

19 

.-000062-3(L•· l 20 

/

1 lVR!T!:: _TO DEV// 
6 ' 

1 
VIA l~~RMRT _/ 

/FROM THE LIST / 

~·oooo,;23cv HOTE 21 

! LI'.::T = MM~ ABCST 

/0000634(1/ 22 

/ ~JR I TE TO DE\1 

/ 
6 

VIA FORMAT 

Hi13E 12 



EEGW DO LOOP 
:3'5(1 ~' = l • 12 

pe._1.7:1 
C(J) 1 000. 

RC..J,C:) = 
DF'CJ), lMO. 

RL.!.t.:1 = 
C(,_IJ ,·-At1AX1 (~:(,_1, 1 :1 

d.) 

07 

1, ~·oooot>L%.,~ I 
RC11 ,8) = F.'C3,8) 

I 
r-!-----.,.,,1 12 

I I .--1 -~' --rsr = csr 
TC!ST = CIST 

TTOP = roe:• 
I ii II 

~---,---~ 
I 
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/ / 

-"00:)(16351) 23 

POl 
SMT · D.JMA>:<,. 5'? 

F'l)2 = G!ET '( C 

,/(10006":?0/ ! 24 

/ I.JRITE TO DE\' / I - l 
; li'IR FO~'.MRT / 

11!:, / 
FROM THE LI ST / 

..-ooocit-370 I nDTE 25 

U:,T = ELI•~ CIT, 
FR, P02, BELEC • 
PCrl, I1E(:iH, DEGi: 

I 
/(l(IOOE,-::80~ I 

/ lJPITE TC1 DE\· / 
/ 6 / 

/ VIA l~~F:MRT / 

-'OOOOE,:39fY 27 

FSOL = 
100.•CRC12,::::J -

F-'.C4,8) - F;(8,C:) -
RC 11,8)),'PC12 ,8:1 

FEL = 
100.lO"P(l 1 ,f:) 

/R(12,8:1 

FET = IOC, -
FEL - FSOL 

I 

I 
lj 

~l 

-



(!,:,_ .:.i .. , ·=· 

CHAPT Tl TLE - PF·OC.EDUfs•E·; 

DCST = RBCS"'!" -
TST 

IP1 = 1976 + NF· 

POl = ECC,·. 0036 

01 

/0000t>450 .. ! (12 

/ ~JPITE TO DEV / 
/ 6 / 

/ VJA 1i~PMAT / 
/FRor~ THE LI':,T 1/ 

,"0000S450, NOTE C!3 

LIST= IP1, FCi:;:, 

I 
Xf .. , >(G, }~GF, NL, 

FCSP, P01 

TRUE 

,11)0006460.•' 

! 
i:. PRiliT 

/ 

05 

AUTOf:.""LOlr.1 CHART SET - STE:;EF' STE~:EP CODE FLOl.,JCHAF'.T 
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rn_:,: 'i.C,.'.'_: LT 0, ,,->·, 
'-~ .. / 

·-...,_, .,j/ 

···TRUE 

/00006470f (!-;-" 

.l I 

I~ ! '' 

PRINT 1' ii 

c,s 
l,JP. I TE TO DE\/ / 

I 6 I I \IJR FORMAT / 
/ 117 I 

/FROM THE LIST I 

/'0000648fl/ NOTE (!~ 

I LIST = TCISI! 
, TTOP, TST, DC_,1' 

DRO! 

/OOOOEA9D,· 

,'-RIT--E TO r,Ev / 
6 I 

VIA FORMAT / 
100 

/0000650 ·-., 11 

, " / '-,, TRUE 
<ARAT .LT.?lO. ', 

/ ' 
FALSE ( !~ ) 

'-:...J 
10 
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-



/ TAC i 
I 

IC. 01------,;., 

-=~:o.:J:l'~ANnUALI:ED C.1')'3'T 
CALCULATIOH':': ~.•:o:,;g . 
.,..0000t>89C,··) 

CPF = :,,;v,-1:l. -
1.,~i:1. + }~fn~;o;nJ 

cc = (1 .... 
XG)/( 1. + }(n 

CF= Cl. + 
~G~:1 ·u. + ~W) 

(11 

/,:JOOl.)6920/ Ci2 

CFF=::1.-
(C:».,o:t'l),.•C-':f~ -

;a,-;Gr:)::o:C 1. + :0-.:GFJ 

/])000698 (I? ·---, 
FALSE;,· 's,'s 

"-~: .EG. )(8/> 

'"".// 
ITRUE 

,,oeooe,9,,o,• I 
CFF = N 

CFC 
CCF-·'CC.) 

~:tMM!=·:(liCP..F:<l:C!='F 

tiN = MRXOCt'l/NL, 1 :, 

CT = 

04 

05 
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/0(100:"=,970,' HCITE 01:, 

EEG HI IIO LOOF' 
10 J = 1, f'ltl 

c:...: = cc~~o-, -
... l•NL - 1)'11.Cl~FCF: 

'" 
CT = 

,1'(1(1007000/ 

CI = CT + CFCP:CIP 

RETURt, 

07 

10 
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-



/ PRirF 

13. (I~ 

~i:oi=,o=Pfi.Il-fTOUT OF 
f,,]LAF.: THERMAL :::ssTEM 
RESULTS ,<OH> . 
/OOOC,731 cu I NOTE 02 

Ii :BEG Ir"1 DC1 LOOF' 
::,0 J = 1 4 

unLc...1:i = cn.n 
04 

I Cl~TU.J) = CNU) I 
.I 

5(1 

fiUTOFLLih! CHAf.'T ·3ET - ~.--;-ESl::F' ~-TE:::,EP (i]DE FUJl.,JCHAP.T 

! 
I 
I 

I 
'· //-"-. /. 

1•TRUE 

I 

/00007390 .. 1 14 

I L:BC2) = HI: 

)"- 15 / ·'-. 

<:FT . GT.. (I ;7ALSE '" / ~'"'---... . ,~,,.,-
TF'UE 

1or100740(1, lS 

! EG!(2) = At"1B I 
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!, ! 
\!IOTE 17 

PAGE 16 



/ t,!P !TE TO DEi" ,: 
/ E, ./ 

/ Vl\i~P.MA-.- / 
/FF.'.OM THE LIST/ 

I 
I 

tKJTE 09 

i1 LIST= OHL, ~! 

/0(!01J73E,O-

/ ~JP-IT£ .. TO DE"•i / 

/ 

r, I 
VIR FOP.MAT / 

L 120 / 

/(,Q1J0737(1.., I 11 

12 

LBC2) ME 

!,i.. ?.EG:i• D•:1 LC:•Ji:: 
2(·[' J = l, 1 • 

/ l,1f;;'lTEi=,TJ I1E'.'// 

1/ ~-· rn CJ.?~·r·JAT / 
/~F:OM T~i\r:,I /' ~--i-1 __ , 

/(10007420/, tiOTE 1·~ 

LI:3T = EC:lJ:i • 
FQC.J), PU,J.:,, 

l...B •: J) 
CRCJ,U,!', 

2•KMF-I>'.) 

200 _,) 2(1 
-~ ..... 

/' --~.'\... NC: I 
,( END OF DO >--1 

Loor-·-· 
/ 

,,/ 
. "·~ ,./ 

I '/ES 

' I 
/00007440- I 

DEV i 
I 

/ 

21 

,/ 

-'00007450, ! 22 
,.:_.L--~ 

/ IAIF<:ITE TO DEV / 
f -E ,• 

/ VIA FOPMAT / 
/ 119 / 

/ FRm; THE UST/ 
I 

,'(l(i00/45(,/ l tlOTE -~.;, 

I LIST= FEL, I 
,0000,460,• l 24 

( fl,;T J 
RETURti 
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CHRF:T TI";LE - ,:_:uERCrf_iT li•lE FRI:H'<, 

AUTOFLOW CHART SET - STESEF' :;,TESEP CODE r"LOl,lC.dAF:T 

PRit'lT\I / 

13. C.7------:•, 

•*~:Ca- PRINTOUT OF 
PHOTOVOLTAIC SYSTEM 
RESULTS »:*.u. 

/00007700/ j 01 

/ WRITE TO DEV / 

,I \/IP, FO~MAT / 
I 1 rn I 

/FROM THE LIST / 

i 
/01)007?00/ ! NOTE 02 

1: LI,,T = CliTc, 'OTES ti 

/0(100771 (I/! 
l,JRITE TO DE\i . 

/ 'r'IA FO~MAT 
1
,/ 

/ 120 . 

03 

/000077'30/ t!OTE 05 

I:EG IH DO U.IOP 
201) .J = 1 ! l(L 

06 

AI- 78-18 
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LIST = EG1c _I)~ 
FQ,:Jj, P,:._1,1), 

LI:CJ)i 
CR(_l,f'.),f' 

2,f~MA:-<) 

/0000771:::,(:,-', 0q 

/
/ IIF:ITE TO DEV / 

I 6 / 
/ \/IA FOPMAT 

/ 115 

/0[1007770•'1 1(' 

/ lJRJTE __ TC: DE\1 / 

,/ 111A FO~MAT ./··'// 
; 119 

/FPOM THE U!:.T 

/00007"?7(1...- NOTE 11 

I 
UST = FSOL, FEL, 

_ FET 

,0000780.·' i 12 ~' 
E>'.IT ,1 

RETURN 
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CHRf;'T TJTLE - -~.I_IB?OUTT~-lE TMi-'CJ,tiMA:·<•·3SM,TSM) 

BEGil'I DO LOOP 
5 fi = 1, 24 

DNBU:J 0. 

DBB(f-'.) 

OE. 

AUTOFLO\,J CHART :3ET - STE'..SEF' STESEP CODE FUJ1.,JCl1ART 

1,; 

HOTE 17 

BE13 I tl DD LOOP 
3Ci I = 1 • M 

AI-78-18 
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20.2~ 
/00(!(!8020/ j 
I DB = o. 

24 

25 

Dt·l!:O:) = Ilt--i:B(F,) + 1• 

Dr1 

DI::E!O~) = DB!:o-;:: -+ ! 
DB 
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/(1(11)(178';-11),c o.; 

.J1 = 

_,.0000790C1r·· ! fiDT~ 07 

BEG 1 N r,,:: LOOr' 
10 f·; = 1 • .J~ 

2[1.1~ 

M = MOLU 

BEGHl I11J LOOF' 
1Q I = 1, M 

i 
2D. l~ 

08 

/ NOTE 10 

BEG I l"4 DO LOOP 
10 L == 1, 24 

20.13~ 
11 

/ REAI1 
1 

Ff.·0t1 DEV/ 

/ I/IR FO~MAT / 
/ l(r(I(! 

/IHTO THE LIST 

/(l(l(I/J;-"940/1 t{'JT£ 12 

LI:::T = I1UM 

20.27-~ i ) 
1 t·lOTE i:::: l 30 26 

rr==E=,E=1~,=rr=, =r,=D=L=c=1c=,F'=71,li I // .... 
3i:1 f: = 1i 24 .[ r·m ....,.,,.. ~, 

i--1--z ENI• OF I•O > / ",,<:c:.~;_/· 
/ PEAD ~FWM DE\,/ I f ~'E'.:: 

/ 1,IIA FD~:MRT / , 1 

I 1 ooo / !
1 

/HlTCI THE LIST/ 

I 
/ 00008000 'i MOTE 20 

LI::,T = D!i • DI: 

·-,, .... 
/ 

<.Dti .Gi. 
'--,fALSE 

4957. _.'.--, ./, I 

/1)0008010· E:2 

Dti = O. 

k 
)··'-. 23 

/ " /. ",FALSE 
'-, DB .GT. 60. ,'r----

,.// 

JUE 

· cu.2/ 

AI-78-18 
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I 
1'0(10(!805o/"• .:,~ 

/ 
/ 

/ 

(: END OF DO 
LOOP<' 

-.............. 
', , ·r\'ES, 

I 

/(100(1806(1,··l tKITE 22: 

I:EG rn DO LOOP 
40 I'. = l., 24 

SSMCn 
DttE:(!'.) 

/M~. 0'32'33:!3414, / 
36(1;]. 

TSMLU = 
DBB(U---Mrll.8 + 

492. 

RETURN 

-



; 

4.3 GLOSSARY OF TERMS 

STESEP 
Code 

Variable 
Name 

AA 
ABCST 
AC 
ADX 
AFP 
AHXl 
A(J) 
ARAT 

BB 
BELEC 
BFT,BFT0 
B(J) 
BLD(6) 
BUY 
BEC0ST, 
B2C0ST 

Cl,C2,C3 

cc 
CC0N 
CEL 

CF(J) 
CHO 
CHL 
CI 
CIST 
CIT(6) 

Description 

A 

Monthly Isolation Constant 
Annualized Cost for Building Energy 
Array or Collector Area 
Dump HEX Area 
Flat Plate Collector Area 
Main HEX Area 
Monthly Solar Factor 
Fraction of Floor Area for Collectors 

B 
Monthly Isolation Constant 
Building Electrical Demand Ratio 
Flag for Battery Energy Storage 
Monthly Solar Constant 
Alphanumeric Building Name 
Minimum Electricity Fraction Purchased 
Breakeven Cost of Electricity 

C 
Electricity Cost Constants 
(See Table 30) 
Conversion Constant kW to Btu/h 
Cold Thermal Storage Constant 
Coefficient of Heat Generation for 
Lighting 
Monthly Cloud Factor 
Coefficient of Process Heat 
Coefficient of Heat Loss 
Temporary Variable 
STES Capital Investment Cost 
Alphanumeric Location Name 

AI-78-18 
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Units Used in 
Code 

Btu/h-ft2 

$ 
ft2 

ft2 
ft2 
ft2 

$/kWh 

Btu/kW-h 
Btu/ft3 

$ 

Analysis 
Variable 

Name 

A 

B 

CEL 

CF 
CHO 
CHL 



STESEP 
Code 

Variable 
Name 

C(J) 
CN(J) 
C0P 

C0SD 

~::;} 
C0SZH 
CP 
CR 
CRF 
CRL 
CST 
CT0N 
CVH 
CVR 

DAY0P 
DCST 
DEGC 
DEC0ST 
DEGH 
DEL 
DH 
DJ 
DJMAX 
DK 
DLAT,DEG 
D0PAM 

Description 

C 
Component Capital Investment Cost 
Monthly Clearness Number 
Absorption Chiller Coefficient of 
Performance 
Internal Variable 

Internal Variables for Isolation 
Calculations 

Oil Specific Heat 
Concentration Ratio =A/A C a 
Cost Recovery Factor 
Coefficient for Humidity Effects 
Annualized STES Cost 
Conversion Factor 
Coefficient of Heating Ventilation 
Coefficient of Cooling Ventilation 

D 

Yearly Days of Operation 
STES Cost Saving Differential 
Cooling Degree Days 
Temporary Variable 
Heating Degree Days 
Monthly Solar Inclination Angle 
Hydraulic Diameter 
Monthly Internal Index Variable 
Conversion Factor 
Internal Hourly Variable 
Location Latitude 
Temporary Variable 
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Units Used in 
Code 

$ 

0 Btu/1 b- R 

$ 

$ 

radians 
ft 

radians 

Analysis 
Variable 

Name 

CN 

CRF 
CRL 

CVH 
CVR 

0 

<P 



STESEP 
Code 

Variable 
Name 

DQBI,DQB0 
DQB 
DQD,DQCS 
DQQ 
DQRF 
DRAD 
DR0I 
DTAM 
DTAUX 
DTBA 
OTC 
DTLT 
DTW 
DTX 

EBAL 
ECC 
EFB 
EPCS 
EF0S 
EFT ,EFT0 
EINV 
ELCST 
ELECT 
EL(J) 
EM 
E0C 
EPIPE 
EQ(J) 
EST0 

Description 

D 
Battery Storage Variables 

Thermal Storage Variable 
Internal Variable 
Vapor Compression HVAC Demand 
Conversion Factor 
Incremental Return on Investment 
Daily Temperature Change 
Temperature Increase by Topping 
Building-to-Air 6T 
PCS Condenser Fluid-to-Fluid 6T 
Collector Angle from Latitude 
Collector Wall to Fluid 6T 
HEX Fluid-to-Fluid ~T 

E 
Internal Electrical Energy Balance 
Electrical Power Rate 
Battery Efficiency Factor 
PCS Efficiency 
Fossil Fuel Efficiency 
Flag to Purchase Electricity 
Inverter Efficiency 
Print Variable 
Electric Use for Building 
Hourly Building Electrical Factor 
Emissivity of Receiver 
Reference Solar Efficiency 
Energy Transfer Efficiency 
Component Alphanumeric Label 
Storage Volumetric Efficiency 
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Units Used in 
Code 

kW 
de£jadians 
% 
OR 
OR 
OR 
OR 
radians 
OR 
OR 

kW 
$/kWh 

kW 

Analysis 
Variable 

Name 

E 
C 



STESEP 
Code 

Variable 
Name 

FA 
FAC 
FRC 
FCSP 
FCST 
FEL 
FET 
FSD 
FS0L 
FTM 

GC 

HC0N 

HH(J) 
HLAG 
HL(J) 
HR 
HX 

INS0 
IPI 

J,JJ 
JINC 
JK 

K 
KMAX 

Description 

F 
Building Floor Area 
Collector Cost Multiplier 
Fixed Charge Rate 
Fossil Fuel Cost for Printout 
Fossil Fuel Cost 
Fraction of Load from Electricity 
Fraction of Load from Thermal 
Fraction Sunny Days 
Fraction of Load by Solar 
Conversion Factor 

G 
Gravitational Constant 

H 
High Temperature Volumetric Storage 
Constant 
Daily Total Horizontal Insolation 
Variable Shift Hourly Temperature 
Hourly Building Process Heating Load 
Temporary Variable 
Temporary Variable 

I 
Flag for Data Input 
Start Year for System 

J 
D0 Loop Indices 
Month Skip Variable 
Month and Hour Index 

K 
D0 Loop Index 
Print Limit 
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Units Used in 
Code 

ft2 

$/Gj 
$/kWh/day 

ft/s 2 

Btu/ft3- 0 R 

Btu/ft2 

h 

radians 

Analysis 
Variable 

Name 

tl 
HL(t) 



STESEP 
Code 

Variable 
Name 

L 
LB,LC,LD 
LMAX 

M 
MM 
MMAX 

N 
NAXE 
NL, R( J, 10) 
NMAX 
NP 
NY 

0CST 
0L(J) 
0P(K) 

PI 
PLF 
PL( K) 
P01 
P02 
pp 

PPSM 

Description 

L 
D0 Loop Index 
Alphanumeric Labels 
Flag for Checkout Calculations 

M 

Index 
Lowest Annualized Cost Case Index 
Flag for Removing Load Profile 
Restriction 

N 
Internal Index 
Number of Tracking Axes 
Component Life 
Flag for Checkout Calculations 
Increment for Start Year 
System Life 

Oil Cost 
Building Occupancy Load 
Operating Cost for Year 

p 

Constant 
Pressure Loss Estimate 
Building Occupancy Factor 
Printout Variable 
Printout Variable 
Monthly Percent Possible Sunshine 
Electrical Power/Square Meter 
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Analysis Units Used in 
Code Variable 

Name 

yr 

yr 
yr 

$/ft3 

OL(t) 
$ 

% pp 

kW/m2 



STESEP 
Code 

Variable 
Name 

QUAX 
QAUX2 
QBAL 
QBUY 
QCS 
QD 
QEL 
QET 
QHED 
QHVAC 
Q( J), OP ( J) 
QMAX 
QDMP 
QRFA 
QRFD 
QRFV 
QS 
QSB 

QT 
QTM 

RCYC 
RMAX 
RED 
RH0 
R(J,K) 
RR 

Description 

Q 
Energy from Fossil Fuel 
Temporary Variable 
Thermal Balance 
Lower Limit for Purchased Power 
Thermal Storage (Cold) 
Building Electrical Load 
Purchased Electricity 
Original Building Electrical Usage 
Building Heating Demand 
Energy for HVAC System 
Result Storage Arrays 
Upper Limit for Purchased Power 
Energy Lost by Dump HEX 
Cooling Available from Chiller 
Building Cooling Load 
Solar Cooling Used 
Thermal Storage (Hot) 
Battery Storage 

Input Building Load Constant 
Maximum Original Demand 

R 

Units Used in 
Code 

kWh 
kWh 
kWh 
kWh 
kWh 
kWh 
kW 
kW 
kW 
kW 

kW 
kWh 
kW 
kW 
kW 
kWh 
kWh 

kW 
kW 

Analysis 
Variable 

Name 

Ratio of PCS to Carnot Efficiency Re 
Ratio of Maximum Purchased Power to QT 
Redundancy Factor 
Coolant Density lb/ft3 

Minimum Cost System Data $ 
Relative Solar Distance R 
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s 

STESEP 
Code 

Variable 
Name 

SC 
SEC,SECFP 
SFP 
SIG 
SINH2 

Description 

s 
Direct Normal Insolation 
Solar Constant 
Collected Solar Energy 
Solar Insolation on Flat Plate 
Stephan-Boltzman Constant 
Internal Variable 

Units Used in 
Code 

Btu/ft2-h 

Analysis 
Variable 

Name 

Btu/ft2-h Isc 
Btu/ft2-h 
Btu/ft2-h 
Btu/ft2 - h-0 R4 

SMT,SFPT, Summation of Insolation Btu/ft2 
SECT,SECFPT 
STES 
SUM,SUM2, 
SUM3 

TA 
TAD,TU(J) 
TAM 

TC 
TCA 
TCI 
TCIST 
TCL 
TCR 
TE 
TL(J) 
TMP(X) 
Wl 
nn 
HIP, TT0P 
TSM 
TRM 

Alphanumeric Case Name 
Temporary Variables 

T 
Hourly Ambient Temperature 
Monthly Maximum Air Temperature 
Flat Plate Collector Average 
Temperature 
Collector Outlet Temperature 
Photovoltaic Cell Temperature 
Collector Inlet Temperature 
Total Capital Investment Cost 
PCS Condenser Coolant Temperature 
Collector Radiation Temperature 
Cold Storage Temperature 
Monthly Minimum Air Temperature 
Temperature Conversion Function 
Turbine Outlet (Condenser) Temperature 0 R 
RCS Regenerator Outlet Temperature 
Total Operating Cost for System 
Air Temperature from TMY Tape 
Building Set Point Temperature 
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STESEP 
Code 

Variable 
Name 

TST 
TT 
TTl 

UC 

UC0L 
ucs 
UMIN 

us 

vc 
VC0P 

XG 
XGF 
XJ 
XK 
XLIFE 
XNL,NL 
xx 

YL(J),Y(J) 

Z(J) 
ZM(J) 

Description 

T 
Internal Cost Variable 
Turbine Inlet Temperature 
HEX Outlet Temperature 

u 
Collector Coolant Heat Transfer 
Coefficient 
Collector Convective Loss Coefficient 
Cold Thermal Storage Loss Coefficient 
Minimum Allowable Heat Transfer 
Coefficient 
Hot Thermal Storage Loss Coefficient 

V 
Collector Coolant Velocity 
Vapor Compression COP 

X 
Inflation Rate 
Fuel Escalation Rate 
Mechanical Equivalent of Heat 
Cost of Capital 
Decomposition Rate 
System Lifetime 
Temporary Variable 

y 

Load Profile Variable 
z 

Intermediate Storage 
Maximum Usage Value Anay 
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Units Used in 
Code 

1975 $ 
OR 
OR 

Btu/ft2-h-°F 

Btu/ft2-h-°F 
Btu/ft2-h-°F 
Btu/ft2-h-°F 

Btu/ft2-h-°F 

ft/s 

ft/lb-Btu 

%/year 

Analysis 
Variable 

Name 

u 

u 
u 

u 



4.4 INSTALLATION ENVIRONMENT REPORT 

The Rockwell computer facilities used for development of STESEP are 
described on the following pages. 
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Rockwell International 

11-18-77 CORPORATE COMPUTING MANUAL 151. 30. Ol 

Computing Services 

SECTION 151. 3 

COMPUTER SOFTWARE 

RES PONSIBILI'IT 

The Computing Services Operating Systems group is 
responsible for identifying and controlling changes 
to the software configuration baseline. The Systems 
Assurance group is responsible for ensuring that 
the configuration of software is described therein 
on a current basis at all times. 

SOFTWARE LIST 

Following is the software configuration baseline at 
Computing Services for both the Western Computing 
Center ( WCC) and Eastern Computing Center (ECC). 
Except as noted, all software originated with IBM. 

! Western Computing Center! 

1. Operating System 

OS/VS, Release l. 7 (5-CPU's) 

2. Suppart Processor 

ASP Version 3. 2, on computers as follows: 
168A Real Main 
168B LASP 
168C Real Main 
l 68E Real Main 
168 F Real Main 

3. Batch Processor and Libraries 

a. Standard Release with OS/VS 1. 7 
( unless noted otherwise) 

COBOL, LCP Release 1. 6 
RPG (OS Release 21.8) 
Scientific Subroutine Package (SSP) 

b. Standard Release with MVS 3. 7 
Macro Library 
Linkage Editor 
Loader 
OS/VS Assembler F 
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c. Program Products (leased/purchased) 

Assembler, Level H (Version 5. 0) 
COBOL, Version 4, Release 1. 4 

(including library) 
FORTRAN IV H Extended, Release 2. 2 
FORTRAN IV Gl, Release 2. 0 
FORTRAN IV Library, Mod II, Release 2. 
PL/I Optimizing Compiler, Version l, 

Release 3.0 . 
PL/I Checkout Compiler, Version l, 

Release 3.0 
PL/I Optimizing Resident Library, 

Version 1, Release 3. 0 
PL/I Optimizing Transient Library, 

Version 1, Release 3.0·(execution) 
OS/VS Sort/Merge, Version 2.2 

4. Special Applications Programs 

AUTOFLOW II, Version 6.0 
Automatic Flow Charting Program 
(Applied Data Research) 

CSMP m, Version 1, Mod Level 2 
Continuous Modeling System Program 

CUE/PPE 
System and Program Performance 
(Boole and Babbage) 

FORTUNE 
FORTRAN Tuner - Analvzes a FORTRAN 
program to aid in optimization. (Capex) 

GPSS V, Version 1, Model Level 3 
General Purpose Systems Simulator 

International Mathematical and Statistical 
Library (IMSL) 1, Edition 6. 1976 

Statistical Subroutine Library 
(International Mathematical and 
Statistical Libraries, Inc.) 

UBRARIAN/VS, Version 1.1 
Source Program Library System 
(Applied Data Research) 
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MARK IV, Release 6, VS2 Version 
File Management System, Model 270 
(Informatics, Inc.) 

MetaCOBOL, Version 6. 2 
COBOL· Preprocessor 
(Applied Data Research) 

PMS IV, Version l, Mod Level 4 
Project Management System 

5. On-Line and Time Sharing Svstems 

a. Information Management System (IMS) 
IMS/VS, Release 1. l. 3 - Class A 
Program Product 

b. Administrative Terminal System (ATS) 
(DSL-0101 - Comptext, Inc.) 

c. A Programming Language (APL) 
Services provided by Proprietary 
Computer Systems 

d. Cost/Scheduling Planning & Control System 
(COSPAC) 

e. Honeywell G440, Time Sharing, resides at 
Rockwell Division, Canoga Park, Calif. 
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l. Time Sharing Option (TSO). The followine: 
processors are aYailable for use with TSO: 

l. ANS COBOL Version 4, Release 1. 4 
(invoked by COBOL prompter, Rel. l. 4 

2. OS/VS Assembler (invoked by 
Assembler Prompter, Rel 2. O) 

3. Code and Go FORTRAN, Release 3.0 

4. FORTRAN IV, Gl, Release 2.0 
(invoked by FORTRAN Prompter Rell. l 

5. FORTRAN IV H Extended, Release 2.2 

6. PL/I Checkout Compiler, Version l, 
Release 3.0 

7. PL/I Optimizing Compiler, Version l, 
Release 3.0 

8. TSO Data Utilities 

9. FORTRAN Interactive Debug, Rel. 2. l 

10. COBOL Interactive Debug, Rel. l. 3 

11. VSBASIC Compiler, Release 3. 0 

12. Structured Programming Facility (SPF), 
Release 2. 0 
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0ss 
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(q/A) ins 
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QT 
quse 
R 
R 

C 

T 

LIST OF SYMBOLS 
Eouatior, constants 

Absorbe~ area that is iliuminated 
Col1ector area 
Absorber area that radiates 
Heat exchanger area 
Specif~c hea! 
Coefficient of heat generatior from electrical lighting 
Cl ocd factor 
Coefficient of process heat 
Coefficient of heat loss 
Cloud number 

Coefficient for hurnidity effects 
Coefficient of heating ventilation 
Coefficient of cooling ventilation 
Coefficient of performance 
Diameter 
Decomposition rate of oil 
East-West 
Fraction of maximum electrical as a function of time 
Eigenfunction of matrix temperature 
Gravitational constant 
Solar hour ang1 e 
Fraction of maximum process heat as a function of time 
Daily total direct normal insolation 
Dany total horizontal insolation 
Solar constant 
lnsoiation integrals 
Direct insolation 
Direct nonnal insolation 
Total horizontal insolation 
Mechanical equiva1ent of heat 
Thermal conductivity 
length 
Collector (hel iostat) length 
Mean temperature di ff ere nee 
North-South 
Nussel t number 
Day of year 
Prandtl number 
Reynolds number 
Fraction of maximum occupancy load 
Wetted perimeter 
Percent possible sunshine 
Pressure 
Energy 
Heat transfer rate 
Battery electrical storage energy 
Cold thermal storage energy 
El ectri cal load demand 
Heat load demand 
Hot thermal storage energy 
Insulation heat transfer loss rate 
Cooling load demand 
Maximum load constant for building 
Usable heat transfer rate 
So1ar distance ratio 
Cycle efficiency ratio 
Reflectivity 
Collector tiH anglE: 
Aver-age temperature 
Time 

Building heating lag time 
Temperature of solar cell 
Reference temperature of solar cell (nominally 28°C) 
Ambient temperature 

T 
end 

cl 
T co 

'ei 

· eo 
i cs 

V sm 

,! 
C 

Ii 

"c 

r· ·pcs 

Condenser temoerature 
Collector inlet tf~mperature 
Co1 lector outlet temperature 
Heat exchanger inlet temperature 
Heat exchanger outlet temoerature 
Cold storage temperature 
Cooling tower temperature 
Monthly minimum air temperature 
Monthly maximum air temperature 
Building internal temperature setpoi nt 
Turbine inlet temperature 
Overal 1 heat transfer coefficient 
Single media fluid volume 
Fluid mass flow rate 
Collector (heliostat) width 
Weight 
E-W collector (heliostat) spacing 
Quality 
rl-S collector (heliostat) spacing 
Di stance coordinate 
Submersion depth of diffuser 

Insolation constants 
Absorptivity 
Solar cell temperature 1 oss coefficient 
Specific heat ratio 
Solar declination angle 
Void fraction of matrix materia1 
Emissivity 
E ffi ci ency 
Power conversion efficiency 
Storage tank thermal effi ci er.cy 
Optical efficiency 
Viscosity 
Density 
Stefan-Bel tzman constant 
Transmissivity 
lncrementa l change 

Solar azimuth 
Solar elevation angle 
Zenith angle 
Site latitude 

ECOriOMJC PARAMETERS 
AC Annualized cost 
BECE Breakeven cost of electricity 
CJ Capital investment 
CRF Capita 1 recovery factor 
FCR l\nnualized fixed charge rate 
g Genera 1 inflation 

gf Fuel escala:ion rate 
k After tax cost of money 

Power law exponent 
N Number of years of system life 
NO lfomber of uni ts 
QPM Recurring cost - electricity 

Years to start of operation 
RCC Recurring cost 
R. 0. I. Return on investment 
Y co First year' of operation 
Subscri p_! 
pv 

STES 
max 

Present va 1 ue 
Original building 
Sol a r total energy sys terp 
Ma.xi mum 
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APPENDIX A 

STESEP COMPUTER CODE LISTING (IBM) 

NOTE: This IBM Code Listing was not reproduced because 
the masters were of poor quality. Interested 
readers may contact B. L. McFarland of 
Rockwell International, Atomics International 
Division, 8900 DeSoto Avenue, Canoga Park, CA 
91304 for this information. 
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