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SUMMARY 

This report describes the work performed by Acurex/Aerotherm during 
Phase I of the Solar Industrial Hot Water Program. The period of p~rfor
mance was March 15, 1976 to December 15, 1976. The work was sponsored by 
the U.S: Energy Research and Development Administration under contract 
E043-1218. 

The objectives of the Solar Industrial Process Hot Water Program are 
to design, test, and evaluate the application of solar energy to the gener
atidn and supply of iridustrial process hot water, and to provide an assess
ment of the economic and resource benefits to be gained. Other objectives 
are to stimulate and give impetus to the use of solar energy for supplying 
significant amounts of industrial process heat requirements. 

phases: 
The Solar Industrial Hot. Water Programs are divided into three 

Phase I -Detailed design and analysis of the solar energy hot 
water system for incorporation into the selected in- · 
dustrial process. 

Phase II ~Assembly and installation of solar energy hot water 
system designed in Phase I on process line or machine .. 

Phase III- Operation, data acquisition, analysis, and reporting. 

The body of this report has a brief overview of the different tasks 
performed during Phase I. Appendix A to ~his r~port is a copy of the Pre
liminary Des1gn and Performance Heport and Appendix B is a copy of the Energy 
Reduction and Economic Analysis Report; both .. of these reports have been up
dated since they were submitted in October 15, 1976. Detail drawings of the 
Solar System appear in Attachment 2. 
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The Solar System described in this report was designed for installa
tion at the Campbell Soup plant in Sacramento, where the solar heated water 
will be used to wash empty and full soup cans on a soup filling line. 

The National Canners Association (NCA) assisted in the design plan 
and the economic analysis of the system. NCA also assured that the design 
was approved by all required regulatory agencies. 
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1. OBJECTIVES 

The purpose of this program was to design a so.lar energy system for. 
generating industrial process hot water for the canning industry, and to 
assure the potential sav1ngs in money and r~sources of such a system. Spe
cific objectives of the program were to: 

• Review the process hot water requirements of the selected company, 
formulate selection criteria, and then select the process hot 
water requirement to be met by the solar energy collection systems 

• Select a process allowing a direct comparison between a solar 
energy augmented system and the existing system 

• Analyze the selected process in detail to define the _requirements 
for a solar e.nergy system capable of providing significant quan
tities of process hot water 

• Provide a conceptual design of the solar hot water system utiliz
ing state-of-the-art solar energy components 

• Provide a detail design of the solar hot water system using the 
conceptual design as a baseline 

• Provide a cost breakdown and schedule for building and install-
ing the solar hot water ·system at the selected plant .... :~ 

• Stimulate interest among members of the canning industry in us
ing ~ solar energy supported process hot water system 

• Perform an economic analysis and comparison of both the existing 
process and the proposed solar energy augmented system showing 
the potential benefits of using solar energy 

2. PROCESS HOT WATER REVIEW 
' ·, The plant selected for the design of a solar industrial process hot 

water system was the Campbell Soup facility in Sacramento, California. The 
total hot water demand for this plant varies between 500 and 800 gpm during 
reg~lar p~oduction shifts, and hits a peak of over 1,000 gpm for approximately 
one hour during the cleanup s,hift. Most of the hot water is heated in the 
boiler room by a combination of waste heat recovery and low pressure ~5 psi) 



· steam-water heat exchangers. . The hot water emerges from the boiler room at 
a temperature between 160°Fand 180°F and is· transported to the various pro
cess areas. Booster heaters in the process areas then use low pressure 
(5 psi) or medium pressure ,(20 psi) steam to raise the temperature of the 
water to the level required for each process (Figure 1). 

Hot water i.s used primarily at the Campbell Soup plant in the follow;_ 
i ng' processes: 

I 

1~ Vegetable Blanching. Rice and beans are blanched with water at 
205°F. There are three blanchers in the plant with a total de
mand of 60 gpm rif hot water. The process is seasonal and declines . . ' 

·during summer months to make room for tomato processing. 

2. 'Meat Preparation. Water a.t a temperature of 205°F and 2l0°F is 
. used for the defrosting of meat. This is a batch process and re
quires about 300 ga 11 ons per hour (

1
average 5 gpm). 

3. As a Product Ingredient. Many products require hot water as one · 
~f .their ingredients. These are also batch processes and the 
water demand varies greatly from .process to process. , It is es
timated that bet\\'een·lOO gpm and 200 gpm of water are required on 
the average for this application. 

4. Can Washing. This is a continuous year round operation which re
quires hot water at temperatures of 180°F and 190~F. There are 
20 parallel can washing lines, with brith converted lines requir-. . . . 

ing 10 gpm to 15 gp~ and unconve~ted lines ~bout double that 
amount. : In converted nnes, the hot .water used for washing the 
empty cans is reused for washing the filled cans. In the uncon
verted 1 ines, .fresh hot water is used for both processes. The 
total demand for the can washing operation is approximately 
300 gpm. 

5. ·Hydrostatic Cookers. The hydrostatic cooker consists of two open 
columns of hot water that balance the steam pressure in an en
closed steam dome. The average temperature of water in .the 
cooker is around200°F and the total volume about 8,000 gallons. 
The unit is drained and refilled once a week. It is refilled 

. . 

with cold water and then heated by contact with the steam in the 
.dome .. 
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6 .. Cleanup Operation. This operation demands the. largest volume of 
. hot water usage in the plant. Cleanup usually takes place during 

the third shift, when the hot water demand may be as high as 
1 ,300 gpm for approximately an hour. The temperature of water drops 
to 150°F or lower during these periods. In additirin to this major 
cleanup, there is a 4 to 5 minute cleanup period per machine every 
hour during the regular shifts. 

Of all the uses of hot water listed above, can w.ashing was, best suited 
for a demonstration of the feasibility of a solar hot water system. ·Of the 20 
can washing lines, lir1es U and V were particularly suited for this purpose. 
This was· true for the following reasons: 

• The r:an wrtc;hing process is ideally suited for th·is e~p~r·imtmt be
cause it offers 20 pa.ra 11 e 1 1 i nes for comparison purposes. The 
performance o.f two· simi 1 ar 1 i nes, one of whi.ch has been converted 
to solar, can be carefully monitored and evaluated. The U line 
was selected for the solar demonstration and the V line, which is 
1 ocated nearby, as the comparison 1 i ne. · 

• Can washing has one of·the largest demands for hot water in the 
plant during the regular shifts. The demand for each lihe is 
15 gpm, which is ideal for an experimental solar system to 
handle. Following a successfu·l experiment; other lines can 
be converted simply without any need for major redesign of 
the basic solar collector system. 

• Can washing is one of the few processes which requires a continu
ous supply of hot water. Batch processes, for which the demand is 
discontinuous, would require a larger storag~ system for the hot 
water. In addition, monitoring of flowrates, temperatures; etc. 
of batch processes would requ·ire more sophisticated equipment to 
measureand record the variations. Evaluation of results and 
comparisons would also be more difficult if the variations in de
mand for hot water were irregular. 

• The location of the U ·and V lines in the plant is·ideal for a 
solar application. The control system and data acquisition system 
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can be installed in a stairwell directly outside the washdown 
·area. The storage tank can be placed either in the courtyard or 
parking lot in theinunediate vicinity. 

• The temperature level required for can washing is lower than that 
required for many other processes. This tends to minimize prob
lems of heat loss in the piping and the storage vessel. The ef
ficiency of the solar collectors is also higher at lower fluid 
temperatures. 

1 The Campbell plant changes over to tomato processing during the 
harvesting months of August and Sept~mber. When this happens, 
lines U and V change over to tomato soup and run identical pro
ducts during these months. During the rest of the year, the 
can size and production· rate is the same for both lines, but 
line U processes chicken noodle soup whereas line V processes 
beef noodle soup. 

3. ANA~YSIS OF SELECTED PROCESS 

The can washing devices are quite simple in operation. Empty cans 
are conveyed through .the washers on six nietal rails which form a cage. The 
empty washer itself is a sheet met~f enclosure approximately 8 feet long; 
a water supply tube with a series of eight nozzles is located along one lqwer 
corner. As the cans pass through the washer,. the rai 1 cage is twisted 
through an .angle so that all surfaces of the cans are exposed to·the fixed 
streams of hot water. 

For the converted l~nes, the hot water which drains off from an empty 
. can washer flows into a sump below a filled ·can washer. Part of this water 
is fed with detergent and sprayed into the first section of the washer through 
a bank of 18 nozzles .. The remaining hot water from the sump is then used to 
rinse off the filled cans in the second section of the washer which is equipped 
with 19 nozzles. A schematic diagram of the can washing process. is shown in 
Figure 2. 

The hot water supplied to the can washing line must meet the follow
ing requirements: 
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• Flowrate: A continuous supply of hot water is required at the 
rate of 12.5 gpm 

• Pressure: The supply pressure must be >60 psi 

• Temperature: 180°F_to 195°F 

The can washer must be supplied with hot water during the first two 
shifts 'and partly during the cleanup shift, but not during the 4- to 5-minute 
cleanup period every hour. The plant normally operates 5 days a week, except 
during the harvest season, when for 4 to 6 weeks the ·plant operates 6 days a 
week. The plant is shutdown for 2 weeks beginning June 18th and for 1 week 
at Christmas. 

The design, construction and installation.of machinery and equipment 
for the food industry is regulated by a number of agencies. The major regula
tory agencies and standards which affect the design of a solar collector for 
hot water in the canning industry are listed below: 

• Food and Drug Administration (FDA), Good Manufacturing Practice 
' 

Regul~tion, Part 120- Sanitation, April 21, 1969 

• United States Department of Agriculture (USDA}, Accepted Meat and 
Poultry Equipment, June 30, 1974 

• American National Standards Institute (ANSI), Food, Drug~ and 
Beverage Equipment, ANSI-ASME, F 2.1, 1975 

• Environmental Protection Agency (EPA}, National Interim Primary 
Drinking Water Regulations, December 24, 1975 

• Codified Federal Regulation (CFR), Title 9, Chapter III- Animal, 
Plant Health Inspection Service, October 3, 1970 

• OSHA 

The regulations covering food processing equipment are quite detailed 
and complex. 'For the purposes of supplying hot water ·for the can washing 
operation, the important constraints can be summarized as follows: 

• Material. Equipment in the food area must be constructed of ma
teria1s which prevent deterioration from normal use and from chem
icals, cleaning agents, and atmospheric exposure in the normal 
production environment. They must be smooth-surfaced, 
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corrosion and abrasion resistant, shatterproof, nontoxic,·non
absorbent, and must not strain or migrate to the product. 

• Design and Construction. All equipment in the food area must be 
designed and built to be readily cleanable. The design and con
struction of such equipment must prevent food from being contam
inated with lubricants, fuel, metal fragments, glass, contamin
ated water, or any other foreign substances. Culinary steam, pro
cess air, and water are not excluded from this requirement. 

• Installation. All parts of stationary or not readily removable 
equipment must be installed far enough away from floors, walls,. 
and ceilings to provide access for cleaning and inspection. As 
an alternative_, permanently mounted equipment may be sealed with 
a watertight seal to the adjacent structure. Wall-mounted cabi
nets and electrical connecti-ons must be installed at least 1 inch 
from the wall or sealed watertight to the wall. 

• General Safety Considerations. All machines must be designed and 
built with materials which will provide adequate safety and pro
tection for personnel. 

USDA approval is required before any new equipment can be in
stalled in the plant. Four copic~ of complete drawings and plans, 
including a list of materials, along with a letter requesting ap
proval was submitted to USDA during Phase I of the program. 

4. CONCEPTUAL DESIGN 

After inspecting the Campbell Soup Sacramento plant, three potential lo
cations for the collector field were identified (Figure 3). Area 1 is lo
cated on the roof of the finished product warehouse. · The administration 
building and portion of ~he labeling building makeup area 2. Area 3 is a 
grass field. 

In choosing between these three pos~ible locations,. four main criteria 
were used: 

e Minimal collector. field shading by buildings 

• Cost of installation 
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1 Accessibility 

• Campbell corporate approval 

Tab 1 e 1 summarizes the advantages a·nd disadvantages of each of the 
potential locations. Both locations 1 and 3 are free of shading problems 
from buildings or other existing structures. A typical afternoon shading 
of area 2, however,.shows that collector output in this location would be 

\ 

affected by shade from the surrounding buil di~gs (Figure 4). 

When cost of installing the collector field in each of the. candidate 
locations was estimated, it was found that the cost would be lowest in 
location 1. This, along with the many other advantages, resulted in the. 
selection of location 1. This choice has been approved by Campbell. 

Once area 1 was chosen, a study was made of the various ways of in
stalling the collector field to minimize mutual shading effects. A typical 
sun path diagram for each month of the year was made for the·different con
centrator mounting arrangements in order to determine times of the day in 
which mutual shading reduces the incident energy by either 0 to 50 percent 
or 50 to 100 percent. As shown in Figure 5, a mounti~g configuration was 
chosen in which mutual shading of the collectors occurs only early in the 
morning or late in the afternoon. At these times, the useful energy loss 1s 
negligible. The effect of finite through length (end lo~s) upon the collec
table euergy was incorporated into ·these evaluations. 

Once the optimum mounting arrangement had been determined,· a collector 
field analysis was performed to identify the field size and mix of concentra
tors and flat plate collectors which would be required for Sacramento weather 
conditions. Weather data from both Fresno and Davis,* California were ob
tained from the National Oceanic and Atmospheric Administration (NOAA). 
These data were compared to the statistical correlation procedure of Liu and 
Jordan (Reference 1) and good agre~ment was obtained. Statis.Lh;al clearness 
parameters (Reference 2) and collector performance specifications were then 
used to figure the hourly useful collected energy for selective flat Pl.ates, 

* Davis is about 15 miles from Sacramento, California. 
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TABLE 1. COLLECTOR FIELD LOCATION ASSESSMENT 

Location Advantages Disadvantages 

1. Finished Products • Skylights provide some of • Slightly longer pipe run 
Warehouse required support structure than location 2 

• Expansion area available • Roof leakage 

• Minimal building shading 

• Maintenance 

• Lowest installation cost 

2. Office and • Shortest pipe run • Building shading 
abeling 

3uildings • Multiple roof locations 
are required 

• Roof leakage 

3. Corner Lot • No building shading • Expensive and time con-
problems suming installation 

• Ease of maintenance • Requires fence- vandalism 

• Roof leakage is not a • Dust from passing traffic 
problem 

• Future parking lot 
• Readily accessible for 

l visitors 
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nonselective flat plates, and east-west axis tracking concentrating collec
tors .* Thts combination of statistical data was then averaged to obtain 
monthly and yearly average useful energy as a function of collector inlet 
temperature minus ambient temperature. 

Next, the cost effectiveness of collector options was evaluated. 
Seventy-one collector manufacturers were surveyed to obtain cost and perfor
mance data on the three major types of solar collectors. 

This survey produced the following results: 

• Flat plate, single glazed, nonselective ; ~$10/ft 2 

• Flat plate, single glazed, selective = >$12/ft 2 

• Parabolic trough concentrating = >$12.50/ft 2 

Figure 6 shows the June collectable energy for each of these types of 
collectors, divided by their cost. The nonselective flat plate collector is 
clearly more cost effective than the selective flat plate up to a temperature 
difference (collector inlet-ambient) of approximately 67°F. However, at a 
slightly lower temperature difference, the concentrator has economic advan
tages over both types of flat plates. These calculations prove that the 
collector field should be composed of nonselective single glazed flat plates 
and parabolic trough concentrators. 

Based on the June average useful energy curves, the collector field 
was sized to satisfy the design requirements with several different mixes 
of flat plates and concentrators. For each of these field mixes and sizes, 
the amount of useful energy which could be collected, based on ambient weather 
conditions ~d· system operation characteristics on a yearly basis, was determined. 

Figure 7 shows the results of thPsP. calculation5 in terms of userul 
energy per unit cost as a function of colle~Lur field mix, Ac/AT' where Ac 
is the area of concentrators and AT is the total field area. As this figure 
shows, the optimum field size occurs at a mix of 40-percent concentrators 
and 60-percent single glazed nonselective flat plates. The total collector 

* By using existing skylights (25° tilt angle, south facing) as a support 
structure for flat plates, the installation cost for the flat plate col 
lectors could be reduced. Even though this tilt is not optimum, perfor
mance loss is minimal. 
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area needed to supply the _plant's hot water requirements on a typical June 
day is about 6,620 ft 2 according to the efficiency curves assumed for the 
study. It should be noted that as the ratio of concentrators to total field 
area varies, the total collection area required to supply a fixed amount of 
energy also varies. This is due to the efficiency differences between the flat 
plate and the coti,centrating collectors. 

The TRNSYS computer code (Reference 3) was substantially modified to 
more accurately simulate the performance of the process hot water system for 
the Campbell Soup plant. System simul.ations were performed using actual 
weather data for Fresno adjusted to reflect the daily total radiation 
levels and ambient temperatu~es for Davis, California. The results of 
these simulations substantiated the fact that the collector field size and 
mix identified in the above analysis is the optimum for this application. 

4.1 Storage 

Two basic types of controls were evaluated for the storage tank: 
stratified and accumulator. With stratified control, fluid is removed from 
the bottom of the storage tank, circulated through the field, and returned 
to the top of the tank .. Hot water for can washing would be supplied from 
the top of the tank, and makeup well water would enter the bottom of the 
tank. 

With accumulator control, cold well water enters the collector field 
directly, passes through the field once and enters the top of the tank. 
A floating suction removes water for can washing from the top of the tank. 
In order to collect energy 7 days a week an accumulator volume of 20,000 
gallons is required. For this control option, the flowrate through the 

·field is a programmed function approximating the daily insolation profile. 
The integrated mass flux is equal to 5/7ths of the total weekly can washer 
demand, which allows weekends to be used for replenishing the water in the 

. ,-' 

accumulator tank (Figure 8). The profiled flowrate maintains the collector 
field outlet temperature at 195°F on a peak June day throughout the entire 
daily collection period. 
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To determine which type of control provides the most useful energy 
to the can washer, transient system simulations were performed for three 
different stratified tank sizes ~nd a 20,000 gallon accumulator tank. The 
results of these simulations, presented in Figure 9, show that for a given 
field size and mix, the accumulator is most cost effective. For this rea
son, a 20,000 gallon accumulator storage tank was selected. 

A location for the storage tank was chosen near the can washing line, 
where it will be easy to install and maintain. ~ecause of the short distance 
from the tank to the can washer, water temperat'ure and pressure drops are 
minimal. Figure 10 show~ the location of equipment in the Campbell Soup 
plant. Figure 11 is a schematic of the system.· 

4.2 Control Philosophy 

The decision to use accumulator control was made on the basis of the 
results of collector field and storage tank optimizations. Since the can 
washing 1 ine only operates 5 days a week and ·useful energy wi 11 usually be 
collected for all 7 days, a storage tank will be used~ The tank will be 
virtually empty after Friday's second shift anc;t will be filled with hot water 
by Sunday evening (Figure 8). 

The flowrate through the collector field will vary throughout the day. 
A programmable controller will adjust the flowrate in a predetermined manner 
to approximate the incident energy. The total integrated daily mass flow 
will be equal to 5/7ths of the weekly washer demand. This program will be 
changed monthly to account for changes in the length of the day. 

4.3 Annual System Performance 

A transient computer simulation of the entire solar process hot water 
system was made. A modified version of TRNSYS (Reference 3) was used in this 
analysis, with weather data from NOAA for Fresno, California adjusted for 
differences in d~ily total radiation between Fresno and Davis, California. 
Since neither Fresno nor Davis record beam radiation, the methods of Liu and 

Jordan (Reference 2) were used to estimate the beam component from the total . . . . . 

radiation data. The per:centage of the hot water for the c'an washer which 
will be supplied each month by solar system is shown in Figure 12. This sim
ulation shows that approximately a 70-percent solar substitution will result 
from the baseline system design. 
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5. DETAIL DESIGN 

A detail design was developed to integrate the subsystem components 
selected in the conceptual design into a final design for supplying solar
heated hot water to can washing line V. The detail design package was 
generated: (1) to provide specifications for installing the system at the 
Campbell Soup Company's Sacramento Plant with approval from Campbell Soup 
Company and ERDA; (2) to obtain USDA approval for the design; (3) to gener- · 
ate fixed price cost estimates for the installation ·of the system (Phase II); 

and (4) to e~timate the operating and maintenance cost of the system (Phase 
III). A brief description of the overall solar water-heating system follows. 

The collector field is located on the roof of the finished products 
warehouse of the Campbell Soup Sa-cramento plant (Figure 13). Water is sup
plied from a 1-1/2-inch supply line which is located directly below an ex
isting roof access hatch. A supply pipe will be brought up through that 
hatch to supply the dual rows of flat plate collectors. 

The water preheated by the flat plates is then passed into six sets 
of parallel conne~ted concentrators. Each set consists of eight 6 x 10 foot 
modules connected in series. The water from these units is gathered in a 
1-1/2-inch insulated pipe and transported to the storage tank. This pipe 
will be attached to an existing pipe run until it reaches the can washing 
building. From there the pipe will follow the can washing building around 
to the storage tank. Figure 14 gives the details of the field layout. 
Figures 15 and 16 show a typical installation of a concentrating collector 
and a flat plate collector. 

Tl~ 5turage tank is a 19,200 ydllun steel tank which 1s coated inter
nally with a USDA approved phenolic liner. The outside of the tank is insu
lated. A 3-hp motor is used to pump the stored water from the tank into the 
can washing line. 

The pipe · carrying solar-heated water from the storage tank will pass 
I 

into the can washing building through a plastic windowpane. The water will 
go through a steam heat exchanger to be \brought up to its required use tem
perature. In order not to waste energy from the solar collector system, 
the collector field has been sized to supply exactly the required amount on 
a peak June day. The heat exchanger will therefore be used most of the year 
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Figure 13. Flat plate and concentrating collectors on selected 
roof site. 
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to augment the -solar system. After it has gone through the heat exchanger, 
the hot water will be routed to both lines U and V. Electrically operated 
solenoid valves will control which line is used and whether the solar or 
existing hot water system is utllized. Table 2 gi'ves· a sunvnary of the sys
tem components and process conditions. Figure 17 shows the storage tank and 
can washer interface. 

The control system has been kept as simple as possible, while still 
allowing for contingencies such as can filler downtime, temperature over
heat, frost, power failure, and tank overflow. The control components are 
standard, commercially available parts which will be assembled to perform 
the required control functions. Special control functions will be based on 
temperature inputs from measuring points in the system. Normal flowrate will 
be controlled by a cam-operated program based on a variable flow value. 
This program will be changed each month: Figure 18 shows the control system 
schematic. 

Data will be collected and handled in several way~. First, data will 
be collected at the site and stored on magnetic tape for computer reduction, 
plotting, and analysis at Acurex. In addition, selected data will be avail
able for the IBM data storage unit and transmitted by phone to the central 
data facility. at Huntsville, Alrabama. Finally, data can be printed out in real
time at the site for use in making field adjustments. Also, all abnormalities 
in the system will be recorded on the written record so that they may be 
given immediate attention. 

5.1 Roof Loads 

An analysis was made of the ro,of support structure of the Campbell 
Soup plant to make sure that the roof could support the weight of the col
lector field and associated hardware on the roof. The analysis took into 

,account both the weight of the collector field components and the load from 
the wind expected in the Sacramento area. The velocity pressure for the 
installation was determined using the method outlined in Reference 4. The 
actual windloads are shown in Tables 3 and 4. These loaqs were calculated 
using velocity pressure of 25 psf instead of 15 psf as specified in Refer-

_ence 4, in order to insure an adequate safety factor for the installation .. 
Based on this wind pressure analysis, the minimum safety factor for the 
Campbell Soup structure is 1.67. 
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TABlE 2. SYSTEM COMPONENTS AND PROCESS CONDITIONS 

Equipment 

a Flat Plate Collectors 

Total Area 
Absorber Area 
Area Ratio Absorber/Total 

46g8 sq. ft. 
4134 sq. ft. 

0.88 
·Absorber Coating- nonselective, 3M brand Nextel black velvet coating. 
Absorber Plate - 0.040 aluminum plates swage fitted over copper. tubing. 
Glazing- low iron-tempered glass 0.125-inch thick. 
Insulation -bottom, one layer of 1.0-inch thick fiberglass insulation 

and one layer of 1.25-inch thick isocynate foam. 
-sides, one layer of 1.0-inch thick fiberglass insulation 

Housing·- extruded aluminum sides with bottom plate. 

• Concent'rat i ng Co 11 ectors 

Total Area 
Type 
Concentration Ratio 
Rim Angle 
Aperture 
length Per Unit 
. Slew Rate 
Receiver Tube 

Coating 

Size · 
Material 
Cover 

• Accumulator Tank 

Total·Volume 
Height 
Diameter 
Material 

Insulation 

• Transfer Pump 

Head 
CaP,acity 

. . 
Material 
Type 

2880 sq. ft. 
Tracking 

35 
goo 

6 ft. 

10 ft . 
goo in 15 min. 

black chrome over 
nickel plate 

1.250-inch O;d. 
copper tubing 
pyrex gl az lny 

1g,200 gal. 
24ft. 
12 ft. 

s tee 1 with PlAC ITE 
~055 baked phenolic 
lining. 
fiberglass 6 inches 

. thick W1th aluminum 
cover. 

200 ft. 
15 gpm 

bronze fitted 
regenerative turbine 
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TABLE 2. Continued 

Model 
Manufacturer 
Motor· 

• Heat Exchanger 

Service . 

Temperature Rise 
Flowrate 
Tube Side 
Shell side 
Heat Transfer 
Surface Area 
Fouling Resistance 

Material 
Tube 
Shell 
Bonnet 

Size 

Model 
Manufacturer 

Wesco CK61D. 
Fafrbanke Morse 

3 horsepower 

heating potable 
water: 

70°F to 2Q0°F 
15 gpm 

potable water 
steam@ 20 psig 

41 sq. ft. 

0.0005 shell .side 
0.001 tube side 

Admiralty . 
Red Brass 
Cast Iron 

9-3/4-inch o.d. 
x 19-inches long 

HCF-C 08024 
.American s·tandard, 
Heat Transfer Div. 

• Piping 

Material Sch 40 galvanized steel 
Size 

Field inlet 1-1/2 inch 
Field outlet to 2 inch 
Accumulator Tank 
Concentrator inlet inch 
and outlet 
Flate Plate Collectors inch 
Accumulator Tank 1-1/2 inch 
to canning lines 
Connection to ~/4 inch 
canning lines 

• Flowrates 
Normal Augmented 

FieJd Total 
June Var. 1-21 gpm 28 gpm max. 
December 5-22 gpm 28 gpm max. 

Concentrator Array 4.7 gpm max. 
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TABLE 2. Concluded 

r---------------------------------------------------------------------------------,0 
Flat Plate Array 

10.5 ft. Array 
16.5 ft .. Array 

• Pressure Drop 

Field- Overall 
Field Outlet to 
Accumulator Tank· 
Concentrator Array 
Flat. Plate Array. 

16.5 ft. 1 ength 
10.5 ft. length 

Accumulator Tank 
to Can Washer 
Pressure Drop Across 
Nozzle at Can Washer 

5.3 gpm max. 
8.8 gpm max. 

35 psi max. 
17 psi max. 

15 psi max. 

is psi max. 
18 psi max. 
30 psi max. 

60 psi max. 
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TABLE 3. SUMMARY OR LOADS FOR FLAT PLATE 
COLLECTORS MOUNTED ON ROOF 

Item (a): Loads for 16.5 ft. collector mounted 
on typical monitor 

Pointa Dead load Wind loads Horizontal Vertical 
Acting Down (Directions as shown) Wind load Windload 

A 
B 
c 
D 
E 

900 lb 1300 lb 
1760 1 b 3145 1 b 
28 1 b/ft 93.3 lb/ft 
800 1736 lb 1691 1 b 
144 948 lb 

- Item (b): Loads for 10.5 ft. collector mounted 
on typical monitor 

Point a Dead load Wind loads Horizontal Load Acting Down (Directions as Shown) 

B 1810 1 b 1510 lb 883 lb 
c 35.2 lb/ft 151 lb/ft 
D 900 1510 lb 667 lb 

aRefer to Figure 19 for location point of l<)aqs. 

bAll loads take place in plane on both · sides of monitor except for 
point C which gives distributed load along existing monitor for 
reference. 

cDeadloads are additional loads due to collectors and mounting 
structure. Windloads for Item (a) are total for the monitor. 
Windloads for Item (b) are additional due to collectors mounted 
between monitors. 
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TABLE 4. SUMMARY OF FORCES ON CONCENTRATING COLLECTORS MOUNTED ON ROOF 

Condition 

(RB ) Wind 
Y max 

(RA ) From 
Y min 

RA = RB = Max. So:.~th 
y y 

(R ) 
By min 

Wind 

(RA ) From 
Y max 

RA = RB = Min. Nof'th 
X X 

Maximum Total 
Upward Force 
Maximum Total 
Downward Force 

aDrawing 7234-030 Sheet 5 

bDrawing 7234-C30 Sheet 4 

cDrawing 7234-030 Sheet 3 

RA y 

1062 

-1563 

-856±192 

-1485 

2049 ·-

1342±192 

-940±192 

1426±192 

Sawtooth Positiona,d 

RB 
y 

RB = RB 
y X 

2079 137 

175 894 

1828±192 1315 

-576 -137 

419 -894 

1828±192 -1315 

-1150±192 0 

1744±192 0 

dsee F1gure 20 for application point of load. 

Roof Valleyb 

R RB RA = RB . RA . Ay y X X y 

560 2058 806 2909 

-1518 -20 806 -2653 

-873 1413 1315 1497 

-20 -1518 -806 -2485 

2058 560 -806 3309 

1413 -87~ -1315 2542±253 

-1045±126 -1045±126 0 -1270±253 

1585±126 1585±126 0 1926±253 

• 

Parapet Wa 11 c 

RB y RA = RB 
X X 

-1270 1195 

1654 1065 

-2139 1315 

1926 -1195 

-1230 -1065 
~ -'1. 

-2002±253 -1315 

-820±253 0 

1244±253 0 
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After all windloads and deadweignt loads were tablulated, Aerotherm 
employed the structural consulting firm, of Buehler, Cole, Vee &·Schubert 
(as· specified by Campbell Soup) to analy~e the roof st~ucture to determine 
1ts capability· to handle the added loads. The.consulting firm verified the 
adequacy of the warehouse roof structure, as shown in Attachment 1. 

6. ECONOMIC ANALYSIS 

An economic analysis was performed to compare the energy cost before 
taxes of the Acurex solar hot water system to a conventional fossil fuel 
system. The method outlined in the Lawrence Livermore Laboratory memorandum 
of 10 August 1976 (Reference 5) was used for the analysis, except that a 
value of 0.65 rather than 0.7 was used for boiler/end-use efficiency. The 
Acurex FPS computer code was used to perform the economic analysis for the 
Campbell Soup Sacramento, California plant and two 11 fiducial" locations 
(Albuquerque, N·.M. and Omaha, Nebraska) as delineated in Reference 2. The 
analysis was made twice -once using no fuel cost escalation, and once using 
a five percent annual fuel cost escalation for all three locations. 

The results of the analysis (T~ble 5) show that with no fuel cost 
escalation, the payback is in excess of 20 years and the ·rate of return i's 
negative for all three locations. Furthermore, using a 5 percent fuel cost 

. escalation does not significantly affect the payback period or the rate of 
return. 

In addition to this analysis, the economics of the Sacramento Campbell 
Soup installation were further examined using canning industry guidelines and 
anticipated component cost reductions to determine the effect of these factors 

. . 
on the payback period and rate of return. Factors taken into account in
cluded anticipated reduction in component costs, estimated fuel cost escala
tions for California, an increased Federal investment tax credit, and an ac
celerated depreciation method. It was assumed .that these factors will apply 
by 1980 and that they represent a realistic estimate of the economic con
ditions which will affect the proposed solar hot water system in the near 
future. Table 6 is a summary of the results. 

The analysis showed that the results obtained.using industry assump
tions do not differ significantly from the results obtained with ERDA guide
lines. · The payback period is still .greater than 20 years and the rate of 
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TABLE 5. ECONOMICS 0~ CAMPBELL SOLAR HOT WATER SYSTEM: ERDA ANALYSIS 

% Total Energl 
Before Tax Costs 

Location Total Investment, $ $/1000 MJ {$/MBtu) 
Supplied by Solar· 

Conventional Solar 

No fuel cost escalation: 

Albuquerque 
.. 

260,951" 85 (4.18) (16.38) 
Omaha 260,951 58 (4.18) (17.45) 

Sacramento 299,733 77 . (4.18) (18.93) 

With 5 percent fue 1 cost . . .. 
escalation compounded annually: 

Albuquerque 260,951 85 (5.87) (16.83) 
Omaha 260,951 58 (5.87) ( 18. 1.6) . 

Sacramento • _299,733 77 (5.87) (19. 32) 

~ aTotal annual energy ~equfre~~ent at the can washer = 2.,56 x 10 12 ·megajoules (2.8 x 109 Btu) 

bPayback is based on net ·cash flow :tfter taxes 

cROR -minimun rate of.return on thenet·cash.flow. after taxeS: for 20 years 

'Paybackb 
Years 

Solar Only 

(18.16) >20 
(26.6H . >20 

(22.95) >20 

(18.16) 17.9 
(26.61) >20 

(22.95) 19.6 

RORc 
% 

-1.0 
-2.4 

-1.8 

1.3 
-0.5 

0.2 

N 
ID 

I 
I-



TABLE 6. ECONOMIC ANALYSIS: SACRAMENTO, BASED ON ANTICIPATED COST REDUCTIONS AND INDUSTRY ASSUMPTIONS 
"'-, 

· % Total Energya Location Total Investment. $ Supplied by Solar · 

• Industry Assumptions: n 

Sacramento with 0.51 299.733 77 
tax rate, accelerated 
depreciation.· and 
California fuel cost ... 
escalation of 3.4% 

• . Anticipated Cost 
Reduction: 

' 
-Sacramento 188,220 " 77 
Sacramento 112 •. 920e 77: 

~ot~l annual energy requirement at the can·washer = 2.8·x 109 Btu. 

bpayback is based on net cash flow after taxes 

·-

·Before Tax Costs 
$/1000 MJ {$MBtu) 

Conventional Solar Solar Only 

5.13 18.19 21.88 

,~ 

5.55 10.72 11.88 
-
5.55 7.22 7.33. 

c . . - . . . 
ROR .-minimum rate of return on th·:! net cash flow after taxes for 20 years 

dAn installed c~st of $25/ft2 based on 7578 ft 2 

eAn installed cost of $15/ft 2based on 704m2 (7578 ft 2
)·' 

Payback. 
Years 
l 

·. >20 

15.1 
11.2 

b RORc 
% 

-1.3 

2.8 
6.5 

..., 
\0 

I 
1-



...... 

return is slightly negative. On the other hand, adding realistic system 
cost reductions to the analysis shifts the results in favor of the solar 
energy system,; Table 6 shows that reducing the system cost has a· sign-ifi
cant effect on both the payback period and the rate-of-return. Reducing the 
system cost to.$188,200 {a 40-percent reduction) reduces the payback period 
to 15 years and gives a positive 2.8-percent rate-of-return.as compared to a 
payback period exceeding 20 years and a negative rate-:-of-return for the 
prototype system. 

7. TECHNICAL TRANSFER TO INDUSTRY 

The dedicated support Acurex has received during Phase I of the pro
gram from the. Campbell S~up Company, both the Sacramento Plant engineering 
staff and their Corpora~te Headquarter staff at. Camden~ New Jerse.v, and the 
National Canners Association (NCA) has stimulated interest in the canning 
industry in the use of solar process hot water systems. Campbell Soup 
Company has already begun an internal program to cut down energy consumption, 
and is enthusiastic at both the corporate and regional plant levels about the 
possibilities f~r solar pro~~j~ hot water. 

The National Canners Association brings to the project a direct l'ink 
to an entire industry which is a potential user of solar hot water processes . 
.The canning ·in.dustry is a major consumer of process hot water, and is an ag
gressive industry seeking ways to reduce its energy consumption. NCA repre-. . . 
sents nearly 600 member companies in the business of canning food for human 
consumption. Parti-cipation of NCA personnel in every phase of the project
and particularly in process design, process economics, and information dis
semination- will guarantee that the experiment is relevant to the industry 
and that the industry will learn about the re.sults . 
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' . BUEHLEH,COLE,YEE&SCHUBEHT 
STRUCTURAL ENGINEERS. IN.C. 

· 718 Alhambra Boulevard • Sacnmea10. California 95816 • 443-Q&& 

October 13, 1976 

DonaldR. McCullough 
Contracts Administrator 
Acurex Corporation 
485 Clyde Avenue 
Mountian Vie,w, California 94042 

Subject: Building W-8, CampbellSo~p Company 
Sacramento, California 
BCYS Job No. 173-76 

Dear Don: 

This office has reviewed the drawings submitted by you as 
1isted on your letter dated September 27, 1976. We have 
analyzed the plans for existing loads in addition to the 
proposed new loads applied as a result of installing 
solar collectors on the roof. This is to certify that 
under the conditions as described in the listed drawings, 
that the existing framing will be adequate to handle the 
loads. 

Very ·truly yours, 

~~e~c 
~e R. ·Yee · 
BUEHLER, COLE, YEE _& SCHUBERT 
Structural Engineers, Inc. 

JRY/jb 

ee: l. v~"A"~ 
Q. ~..~-~ l:~3~C' 
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SECTION l 

SUMMARY 

This design and performance report describes a solar hot water system which has specifically 

been designed for installation at the Campbell Soup Plant iri Sacramento; taliforn'ia. 

This report includes detail drawings and descriptions of the collector field, installation, 

piping, controls, data acquisition equipment, and roof structure. Furthennore, a program schedule 

with equipment and manpower costs for successfully completing Phase II of this contract has .been 

included. Also included is an organization chart of the Phase II program personnel. The personnel 

involved during Phase II will be same as those supporting Phase I. 

The economic analysis and energy reduction analysis is included in the Energy Reduction Anal

ysis report CDRL/PA 5 published under separate cover. 

The Campbell Soup Company's Sacramento plant was selected for the installation because it 

has many advantages over other plants for the experimental installation of a solar heated hot water 

system. In this respect, the Sacramento plant is.quite unique and assures a high degree of success 

for the program. For example, the energy demand for the selected can washing line is uniform year 

around a steady 2 shifts 5 days a week. An identical can washing line exists directly adjacent 

to the selected line which can be used for comparison with the solar converted line. The can 

washing process selected is also ideal for the solar experiment in that it can easily be converted 

to solar without changes having to be made to the process equipment. The only physical interface 

between the existing equipment and the solar. hardware is a simple "T" connection in the hydraulic 

supply line and control wires to a flow control valve. After the installation, either the existing 

system or the solar system can supply the hot water to the can washer. 

The size of the Sacramento facility not only allows for the proposed installation, but could 

accommodate future expansions of.the solar equipment so that all 20 can washing lines could. be solar 

heated. The roof selected for the field is well suited for solar collectors, for it contains a 

series of saw-tooth shaped sky lights which make good supports for the flat plate collectors and it 

has flat areas between the sky lights which are well suited for the concentrators. The layout of 



·the plant further allows for the placement of the storage tank directly outside the can washing 

building and for the location of the control and data acquisition.equipment on a stairway landing 

directly adjacent to the can washing line. This area is separated by a closed door from the high 

noise and humidity environment which exists in the can washing area. 

The bigges~ advantage with the selected location has been the dedicated support Acurex has 

enjoyed during the design phase from both the Sacramento Plant· engineering staff and·the Campbell 

Soup Corporate Headquarters Engineering Staff at Camden, New Jersey.· Drawings, designs, installa

tion procedures, and the installation procurement specification were all reviewed by both s.taffs. 

Comments and suggestions made throughout the design phase have been most helpful as has the large 

amount of information relative to the plant's energy requirements and uses. Furthermore, it has 

become appare.nt that a successful install at ion of experfmenta 1 equipment cannot be made wi th.out a 

plant's full cooperation. Nor can a successful installation be made .without using subcontractors 

who !'Ire filmiliir with tho plant. For thi3 rca,on the majoi' ~uln .. uulr'dl.Lur wlru will' IJ~ du1ng the 

installation work has been picked from one of three which were recommended by the Sacramento . 

engineering staff. 

The Acurex designed system is quite simple compared to solar systems used for. space heating 

or cooling. For ex~mple, there is no recirculation through the system, but.only a single pass with 

the water used for the can washing. Storage is done with a simple accumulator tank so that energy · 

collected during 'the weekend can be used during the week. With this type of system one always uses 

all the collected energy. The energy is collected at the highest collection efficiency since the 

incomi'ng water is always well temperature, and the Btu's collected per dol·lar of equipment is there

fore maximized. 

To further maximize the collection effici'ency a dual collector ·type field ·is used for the de

sign. Initial heating of the water takes place in the flat. plates and the final heating to occur 

in the concentrators. The percentage mix of each type was determined by optimizing the average 

yearly collected energy by using the flat plates in the temperature region where they are most ef

fective and using the concentrators in the region where their efficiency exceeds the flat plates. 

For the purpose of defining the system details in the report, the system has been divided 

into: 

• The collector field 

• The storage system 

84 2 



• The can washer interface 

• The control system 

• The data acquisition system 

t The installation 

Each of these components is then further divided and described in detail in Section 3. Section 2 

describes the design requirements and approach. 

The following briefly describes the system. The collector field is located on the roof of the 

finished products warehouse of the Campbell Soup Sacramento plant (see Figure 1 and la) . Water is 

supplied from a 3.8 em (1-1/2-inch) supply line which is located directly below an existing roof 

.access hatch. A supply pipe will be brought up through that hatch and connected to the input of 

each flat plate collector array. 

The preheated water from the flat plates is then passed into six sets of parallel connected 

concentrators. Each set consists of eight 1.83 x 3.05 m (6 x 10 foot) modules connected in series. 

The water from these units is gathered in a 3.8 em (1-1/2-inch) insulated pipe which transports it 

to the storage tank. This pipe will be attached to an existing pipe run until it reaches the can 

washing building. From there the pipe will follow the can washing building around to the storage 

tank. 

The storage tank is 75,200 1 (20,000-gal) steel tank which is coated internally with a USDA 

approved phenolic liner. The ·outside of the tank is insulated. A 2.2-kw (3-hp} motor is used to 

pump the stored water for the tank into the can washing line. 

The pipe entry into the can washing building will be through a plastic windowpane. The 

water will be passed through a steam heated heat exchanger so it can be brought up to its required 

use temperatures. In order not to waste energy from the solar collector system, the collector field 

was sized to supply exactly the required amount on a peak June day. The heat exchanger will there

fore be used most of the year to augment the solar system. The hot water pipe will be routed to both 

lines U and V. Electrically operated solenoid valves will control which line is used as well as 

whether the solar or existing hot water system is utilized. 

The control system has been kept as simple as possible, while still allowing for contin

gencies such as can filler downtime, temperature overheat, frost, power failure, and tank overflow. 

The control components will be standard commercially available parts assembled to perform the re

quired control functions. The special control functions will be based on temperature inputs from 

3 
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measuring points in the system. Normal flowrate control is based on .a variable flow value which 

will follow a cam operated program. This program will be varied each month. · 

Data will be collected and handled in several modes. First, data will be collected at the 

site and stored on magnetic tape for computer data reduction, plotting and analysis at Acure·x. 

Secondly, selected data will be available for the IBM data storage unit and transmitted by phone to 

the central data facility at Huntsville. Thirdly, data can be printed out in realtime at the site 

for use in making field adjustments. Also all abnormalities in the system will be recorded on the 

written record since this may require immediate attention. 

Installation of a system of the maynilude presented ih thls report must be carefully consid

ered. Major considerations related to the selection of the constr•1ction contractor are: 

• Use subcontractors which are familiar with the plant 

• Use union labor which is consistent with plant policy 

• Make a single contractor responsible for the installations so that no gaps of responsi-

bility occur which delay the completion of the system approval by the plant management 

Acurex has submitted request for proposals to three contractors who are familiar with the Sacramento 

plant. The selected contractor will be used for the complete installation of all hardware and 

structural supports. 
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2.1 SYSTEM REQUIREMENTS 

SECTION 2 

PRELIMINARY DESIGN ANALYSIS 

Campbell Soup Plant interfaces, regulatory agency constraints, economics, and can washing 

system requirements all influence the solar process hot water system design. This section presents 

a detailed description of the can washing process, the performance requirements for the solar system, 

the regulatory constraints incorporated into the design, and the Campbell plant interfaces. 

2.1.1 Process Description 

The process selected for this demonstration program is the can washing process which is a 

part of a soup manufacturing production line. Can washing occurs at two points along the line. 

First, the empty cans are thoroughly washed with hot water and sterilized. Then the cans, after 

being filled and sealed, are washed to remove any spilled food residue from the exterior. All of 

the P\oduction lines at the Campbell Sacramento plant start out with fresh hot water from the mains 

for empty can washing. The converted lines then reuse this water to accomplish filled can washing. 

The unconverted lines use separate supplies for both empty-can and filled-can washing. 

Line U, which will be supplied by the solar collector system, is used for manufacture of 

chicken noodle soup during the regular season. Line V, ~1ich will be monitored for comparison pur

poses, is used for beef noodle soup. The processing rates and the can sizes for both lines are 

similar. The cans are 6.8 em (2-11/16 inches) in diameter and 10.2 em (4 inches) in height. In 

August and September, during the tomato harvesting season, both lines U and V change over to proces

sing tomato soup. The two lines are then identical both in product and process during that time 

period. 

The can washing devices are quite simple in operation. A schematic diaqram of the prn(ess 

1s shown in Figure 2. The empty cans are conveyed through the washers on six metal rails which 

forn1 a cage. The empty washer itself is a sheet metal enclosure approximately 2.4 m (8 feet) long 
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and has a water supply tube with a series of eight nozzles located along one lower corner. During 
' . 

the transit through the washer the rail cage is twisted·through an angle so that all surfaces of 

·the can are exposed to the fixed streams of hot water. For the converted 1 i nes, the hot water 

draining off from the empty can washer flows into a sump below the filled can washer. Part of this 

water is fed with detergent and sprayed into the first section of the washer through a bank of 18 

nozzles. The remaining hot water from the· sump is then used to rinse off the filled cans in the 

second section of the washer which is equipped with 19 nozzles. 

2.1.2 Performance Requirements 

r . . 
In order to support the can washing operation, the hot water supply for each process line 

must meet the following requirements: 

• Flowrate. A continuous supply of hot water is required at the rate of 47.3 l/min ± 20 

percent (12.5 gpm) 

• Pressure. The supply pressure must be ~42.5 kg/cm2 {60 psir 

• Temperature. The temperature of the hot water must be within the range of 82°C and 

90.5°C (180°F and 195°F). 

• Duty Cycle. The can washer must be supplied with hot water during the two shifts. There 

is a 4 to 5 minute cleanup period every hour. When the soup production is interrupted, 

the can washing operation is shut down. The plant normally operates 5 days a week. For 

4 to 6 weeks during the tomato harvest season, the plant operates 6 days a week. The 

plant is shut down for 2 weeks in June and 1 week at Christmas. 

2.1.3 Regulatory Agency Restrictions 

The design, construction, and installation of machinery and equipment for the food industry 

is regulated by a number of agencies. The major regulatory agencies and standards which affect the 

design of a solar collector for· hot water in the canning industry are listed below: 

• Food and Drug Administration (FDA), Good Manufacturing Practice Regulation, Part 128-

Sanitation, April 21, 1969 

• United States Department of Agriculture {USDA), Accepted Meat and Poultry Equipment, . 
June 30, 1974 

• American National Standards Institute (ANSI), Food; Drug, and Beverage Equipment, ANSI

ASME, F 2.1, 1975 
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• Environmental Protection Agency (EPA). National Interim Primary Drinking Water Regula. ._ 
tfons, December 24, 1g75 

• ·Codified Federal Regulation (CFR), Title g, Chapter III- Animal. Plant Health Inspeci~on 

Service, October 3, 1g7o 

t· .. OSHA 

The regulations covering food processing equipment are quite detailed and complex. For the 

purposes of supplying hot water for the can washing ·operation, the salient constraints can be sum

marized as f9llows: 

a. Materia 1 s. Equi pmerit 1 n the food area must be construct;~d of materia 1 s capab 1 e of pre

ve~t;ing.deterioration from normal use. and from chemicals, cleaning agents~ and. atmos

pheric exposure in the normal production environment. They must be smooth surfaced, 

corro3ion and abrasion resistant, shatterp1·oof, nontoxic, nonabsod:.~ent, 11r1d o1ust not 

stain or migrate to the product. 

b. Design· and Construction. All equipment in the· food area must be of such workmanship as 

to be readily cleanable. The design and ~onstruction of such equipment must preclude 

. the contamination of food with ~lubricants; fuel, metal fragments. glass, contaminated 

water. or any other contaminants. Culinary steam, process air and water are not excluded 

from this consideration. 

c. Installation. All parts of stationary or not readily removable equipment must be instal

led far enough away from floors, walls. and ceilings to provide access for cleaning and . 

inspec'tion. A~ an ·alternative. permanently mounted equipment may be .sealed with a water-. 

tight seal to the adjacent structure. Wall mounted cabinets and electrical connections 

must be installed at least 1 inch from the wall or sealed watertight to the wall. 

d. General Safety Considerations. All machines must be suitably.designed and should employ 

materials o~ construction and a degree of workmanship which will provide adequate safety 

and protection for personnel. 

USDA approval is required prior to installation of 11ny new equipment in ·the Campbell Soup . ' 

·Company Plant. Copies of complete, drawings and plans, including list of. materials have been submit

ted for preliminary approval. 
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2.1.4 Campbell Plant Interfaces 

The major plant interfaces with the solar process hot water system are external to the pro

duction area. The collector field will be mounted on a warehouse roof. All roofing. penetrations 

must be made according to Campbell design specifications. 

Piping, valving, and insulation must all meet Campbell specifications. All hot components 

within human reach (-2.4 ·m (8 feet) from floor level) must be insulated. 

2.2 DESIGN APPRDACH·AND PRELIMINA~Y TRADE-OFFS 

The system design approach is reviewed in this section. It was established to satisfy regu

latory agencies, interface w.ith the Campbell plant, and meet the can washer demands. 

Based upon the system design constraints, the .potential system configurations and operating 

modes (e.g., stratified versus accumulator storage, constant versus variable· flowrate, etc.) were· 

sunvnarized for evaluation. A system schematic, presented in .figure 3, was ·constructed to satisfy 

both stratified and accumulator control philosophies. 

The performance and cost of each system component (collector and mounting structure •. piping/ 

pump/insulation combinations, and storage tank) were analyzed to establish· the economic optimum. 

Transient system simulations were used both to verify the system performance and identify the annual 

ave,r.age. solar contribution to the can washer energy demand. 

2.2.1 Design Constraints 

At the program outset the solar hot water system performance and install at ion requirements 

were summarized. The ~ystem was sized to meet the can washer energy demand on a peak June day. On 

this day, solar energy would supply: 

• 47.3 1/min (12.5 gpm) 

• Water temperature >82°C (180°F) 

This design constraint essentially eliminates the need to dump energy at· any· time during the year, 

. and consequently, improves the system economics. · 

Secondly, the system must be the most economical configuration to suppl'y the needed energy 

(i.e., maximum Btu/$). System interfaces with existing equipment and buildings can significantly 

affect the system cost. This cost is composed of installation labor, materials, and loss of plant 

proclurtion. All cost cuml)unents were considered in the selection of the system componr nts. 
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2.2.2 Collector Field 

This section describes the evaluations performed to establish the collector field location, 

size, and mix between concentrating and fldt plate collectors. Once a matrix of collector field 

locations was established, both the shading from surrounding buildings and·the mutual shading be

tween collectors were evaluated to estimate associate~ collector field performance reductions. ·At 

a selected location, the collector field size and mix were evaluated to provide an economically 

optimized system. 

Upon review of the Campbell Soup Sacramento facility, three potential locations for the col

lector field were identified {Figure 4). Area 1 is located on the roof of the finished product 

warehouse. The administration building and a portion of the labeling building compose ·area 2, and 

area 3 is a grass field. 

The criteria for selecting the field location are: 

• Minimal collector field shading by buildings 

o Cost of installation 

• Access i bi 1 i ty 

• Campbell Corporate approval 

Table 1 summarizes the advantages and disadvantages associa'ted with each of the potential.locations. 

Both locations 1 and 3 are free of shading problems due ~o buildings or other existing structures. 

A typical afternoon shading of area 2, as presented in Figure 5, reveals that collector output would 

be affected by the surrounding buildings. 

The cost was estimated for installation of the collector field in each of ~he candidate loca

tions. Location l resulted in the lowest cost alternative. This, along with the many other advan

tages, resulted in the selection of location l. This selection has been approved by Campbell. 

With area 1 selected, the various collector field installation possibilities were evaluated· 

for mutual shading effects. A typical sun path diagram for each month of the year is presented in 

Figure 6. For the selected concentrator mounting configuration, the shaded areas represent times 

of the day in which mutual shading reduces the incident energy by either 0 to 50 percent or 50 to 

100 .percent. It is important to recoynize that for this baseline orientation, mutual shading only 

occurs early in the morning or late in· the afternoon. At these times, the useful energy loss is 

negligible. The effect of finite trough length {end loss) upon the incident collectat 1e energy was 

incorporated into these evaluations. 
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TABLE 1. COLLECTOR FIELD LOCATION ASSESSMENT 

Location Advantages Disadvantages 

1. Finished Products • Skylights provide some of • Slightly longer pipe run 
Warehouse required support structure than Location 2 

• Expansion area availablt • Roof leakage 

• Minimal building shading 

• Maintenance 

• Lowest installation cost 
...... 
U1 

2. Office and • Shortest pipe run • Building shading 
labeling 
bt:i 1 dings • MUltiple roof locations 

are required 

• Roof leakage ----
3. Corner Lot • No building shading • Expensive & time consuming 

problems installation 

• Ease of maintenance • Requires fence- vandalism 

• Roof leakage is not a • Oust from passing traffic 
problem • Future parking lot 

• Readily accessible for 
visitors 
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The collector field analysis was performed to identify the field size and mix (concentrators 

and flat plates) required to provide the design performance for Sacramento weather conditions. 

Actual weather data from both Fresno and Davis, California were obtained from the National Oceanic 

and Atmospheric Administration (NOAA). These data were compared to the correlation procedure of Liu 

and Jordan (Reference 1) and good agreement was obtained. The statistical clearness parameters 

(Reference 2) were then used in conjunction with the collector performance to identify the hourly 

useful collected energy for selective flat plates, nonselective flat plates, and east-west axis 

tracking concentrating collectors.* This combination of statistical days was then averaged to ob-

tain monthly average useful energy as a function of collector inlet temperature minus ambient tem

perature. ihis same procedure was applied to other months throughout the year, and a yearly average 

was obtained. 

The cost effectiveness of collector options was evaluated. Seventy-one collector manufac

turers were surveyed to obtain cost and performance data on · the candidate collector configurations. 

The average cost results were: 

• Flat plate, single glazed, nonselective = >$10/ft 2 

• Flat plate, single glazed, selected >$12/ft2 

• Parabolic trough concentrating >$12.50/ft 2 

The June collectable energy for these various options was divided by their cost, and these results 

are presented in Figure 7. As one can see, the nonselective flat plate is more cost ·effective than 

the ·selective option up to a temperature difference (collector inlet-ambient) of approximately 

19.5°C (67°F). However, at a slightly higher temperature difference, the concentrator rli~play~ ~n 

economic benefit over both of the flat plates. Consequently, the collector field should be come 

posed of nonselective single glazed flat plates and parabolic trough concentrators. 

From the June average monthly useful energy curves, the field was sized to satisfy the design 

constraints of Section 2.2.1 with various mixes of flat plates and concentrators. For thP~P fiP.ld 

mixes and sizes, ambient weather conditions and system operation characteristics, the annual useful 

energy collection was determined. 

By using existing skyllghts (25u tilt angle, south facing) as a support structure for flat plates, 
the installation cost for the flat plate collectors could be reduced. Even though this tilt is not 
optimum, performance degradation is minimal. 
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Figure 7. Economic comparison of flat plate 
and concentrating collectors for June. 
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Figure 8 displays these results as useful energy per unit cost as a function of collector 

field mix, AcfAr where Ac is the area of concentrators and AT is the total field area. The optimum 

field size has been determined to occur at a mix of 40 percent concentrators and 60 percent single 

gl_azed nonse~ective 1'lat plates. The total collector area required to supply the June design day 

is about 615 m2 (6620 ft 2 ) based on the efficiency curves assumed for the study. It should be noted 

that as the ratio of concentrators to total field area varies, the total collection area, required to 

supply a fixed amount of energy also varies. This js due to the efficiency differences between the 

flat pla~e and the concentrating collectors. 

The TRNSYS computer code (Reference 3) was substantially modified to more appropriately sim

ulate the process hot water system performance. System simulations were performed using thP. ;u::tw:11 

weather data for Fresno adjusted to reflect the Davis 'daily total radiation levels and ambient tem

peratures. These results su,bstantiated the collector field size and mix ident.ified in the abovE! 

described analysis. 

2.2.3 Storage 

Two basic control modes were evaluated for.the storage tank:. stratified and accumulator. 

In the stratified control mode, fluid is removed from the bottom of the storage tank, circulated 

through the field, and returned to 'the top of the tank. The can wash1ng hot water demand would be 

supplied from the top. of the tank. and ·makeup well water would enter the botto~ of the tank. 

" ' In 'the accumulator storage option, cold well water would enter the cqllector field directly, 

pass through the field once, _and enter 'the toP of tb; tank. A floating sur.tion woulrl remove water 

for the can washing operation from the top.of the fluid. For 7 days a week energy collection, the 

accumulator volume required is 75,700.1 (20,000 gal). Figure 9 presents· a sulllllary of the fluid 

volume in the tank throughout the week. For this control option, the flowrate through the field is 

a prograllllled function approximating the daily insolation profile. The integrated mass flux is equal 

to 5/7ths of the total weekly can washer demand; this allows collection on weekends. The profiled 

flowrate is selected to main~ain the collector field outlet temperature at 195°F on a peak June day 

throughout the entire daily collection period. 

Transient system simulations were performed for.three stratified tank sizes and a ·75,700 1 

(20,000 gal) accumulator tank to identify the tank/~ontrol mode which prov~d~s the most useful 

energy to· the can washer. These results, presented 1n Figure 10, ·reveal that for a given field size 

and mix, the accumulator is optimum. In order to provide the same useful energy, the collector 

102 20 



s.. 
0 - +o) 

s.. u 
~ Q) 
Q) ...-
>,. ...-

0"0 
~ u ...-
........ Q) 
::I E·r-

+o) ::::1'+-
co E - .,... 

+o) -.. c. .... 
I 0 

A-~ 
+o) 

0 3.5 8000 '+-
...- -
X ~ 

Q) 
s.. 

+o) ~ 
VI 
0 "0 

s.. u ...-
Q) Q) 

c: s.. 7000 
.,... 

Q) 0 3.0 '+-
+o) -u s.. 

:::::1 Q) 0 
'+- ,..... +o) 

cu.- u 
VI 0 Q) 

:;) u ,.... 
...-
0 u 

2.5 6000 
0· .5 1.0 

Concentrator area/ 
Total area ratio 

Figure 8. Economi.c optimization of collector field mix. 

21 103 



I 
Weekend I r· .. 

I 
20,000 . I 

-Ill 
·C 

0 15·,000 .-
.-
ta 
0) 

QJ 

E :::s· 10,000 .-
0 

N > 
N ~ 

c 
ta 

1-
5,000 

o~-------------4--------------~--------~--~----~ 
0 100 200 300 

Time (hours) 

Figure 9. Accumulator tank volume history. 



N 
w 

...,.. 
0 
\J1 

100 

80 
So-
10 -0 
VI 

• +-1 
1:: 
Q) 60 .· u 
So-
Q) 

Q.. 

40 

0 Accumulator (29,000} 

ll. Stratified (12,000} 

[J Stratified (24,000} 

0' Stratified (-30,000} 

--- Accumulator average 

Strati f.ied averag~ 

A-11/bbl 

150 200 250 . 300 350 

Time (hours} 

Figure 10. Effect .of tank s-ize and control 100de 
on solar contribution . 



106 

field and tank costs for the stratified system were determined to exceed the accumulated options 

costs. Thus, a 75,ioo 1 (20,000 gal) accull'\ulator·storage tank was selected. 

The location for the storage tank was selected near the can washing line where it will be 

readily accessible for maintenance and installation. The distance from the tank to the can washer 

is minimized so that the water temperature and pressure drops are minimal. 

2.2.4 Control Philos'ophy 

In this section, a description of the system control philosophy will be presented. The ac

cumulator control option was selected based upon the results of collector field and storage tank 

optimizatio~s. Since the can washing line only operates 5 days a week and useful energy will 

usually be collected for all J days, a storage tank win be used. Tile tai'IK w1n Ill! v;rtua1ly empty 

after Friday's second shift and will be filled with hot water by Sunday evening. 

The flowrate through the collector field will vary throughout the day. A programmable con

tro.ller will adjust the flowrate in a predetermined manner to approximate the incident energy. The 

total integrated daily mass flow will be equal to 5/7ths of the weekly washer demand. This program 

will be changed monthly to account for changes in the length of the day. 

2.2.5 Annual System Performance 

A transient computer simulation of the entire solar process hot water system was made. ·A 

modified version of TRNSYS (Reference 3) was used in this analysis. This analysis used actual 

weather data from NOAA for Fresno, California adjusted for differences in daily total radiation be

tween Fresno and Davis, California.* Since neither Fresno nor Davis record the beam radiation, the 

methods of Liu and Jordan (Reference 2) were used to estimate the beam component from the total 

radiation data. The month-by-month solar contribution to the can washer is displayed in Figure 11. · 

These results indicate that approximately a 70-percent solar substitution will result from the base

line system design. 

Davis, California is approximately 15 miles from Sacramen~o. California. 
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SECTION 3 

DETAIL DESIGJII 

I 
The collector field design relies heavily upon the design values and concepts generated in 

the conceptual design phase of this project. The design values generated in that study were based ·on 

the following heating requirements for a single can washing line: 

Heated water flow rate: .79 ~/sec (12.5 gpm) 

Required water temperature rise: 51.7°C (125°F) 

Hours of c'ontinuous water supply per day: 16 hours (2 shifts) 

The resulting daily requirements derived from these values·were: 

Total water supplied to canning line per day: 45,420 1 (12,000 gal) 

Total heat required to raise water from 21.1 to 90.5°C (70°F to 195°F): 1.319 i< 10 10 .J/day 

(12.5 x 106 Btu/day) 

Based on these requirements, a collector field was designed in the conceptual design phase of this 

project which had the following description: 

1. Field placement: On building W-8 roof as pictured in Figure 1. of Appendix A-2 

2. Type of collectors utilized: 

a. Flat ~late collectors: S~ngle glazed, nonselective coating 

b. Concentrating collectors: Parabolic trough, east-west axis, tracking 

3. Water flow path: From cold water supply tnrough flat plate collectors, into concentrators, 

and finally to storage tank 

4. Total effective area of field: 615 m2 (6620 ft 2 ) 

5. Field mix: 40 percent concentrators, 60 percent flat plate collectors 

6. Collector field flowrate: Preprogrammed to match flowrate to hourly insolation 

109 



The field design requirements and basic design decisions have been reviewed during the 

detailed phase. Of the six conceptual design characteristics listed above, field placement (Item 1) 

and water flow path (Item 3) were not reconsidered during the present phase. The field placement 

was previously studied with respect to building shadows at various roof locations, potential for field 

expansion, and (as in the case of a potential ground location) the appropriate usage of open land. 

The conclusions of that study (Section 2) have not been altered. Both accumulator storage tank 

and recirculating storage tank options were evaluated in the conceptual design. This study used 

the TRNSYS computer simulation program. As a result of that study, the accumulator storage was 

incorporated into the detail design. Reference is again madP. t.o Section 2 for de!:.cription of 

the storage tradeoff study. 

3.1 COLLECTOR FIELD 

The choice of collector types, field size, collector mix ratio, and field.layout has been 

reviewed in light of the bid responses of the various collector manufacturers. The bid responses 

·will be discussed at this point and a discussion of the final design decisions will follow. 

Bids for the solar collectors were solicited from 22 manufacturers. The bid list, along with 

bid responses and initial screening information, are contained in Table 2. Of the 22 quotation 

requ~s ts, 13 flat plate con ector manufacturers responded, and only Aerotherm submitted a concen

trator bid. Of the respondents, 4 were eliminated immediately for hP.ino un~~hlP to providi adequate 

information in response to the RFP or for having an excessive collector cost. 

The secondary selection procedure invohed a preliminary sizing of the flat plate por.tion of 

the field. The sizing groundrule was to provide the same amount of energy as the flat plate ffeld 

resulting from the conceptual design (for a typical June day). This preliminary sizing method made 

use of the monthly-averaged daily insolation and monthly-averaged clearness factor (KT) values to 

generate hourly insolation values on a flat plate according to the procedure outlined on pages C-2 

to C-7 of Reference 4 and demonstrated in Table 3. This is a conservative method, but it 

yields acceptable values for a relative collector comparison. By this method, 3 more collectors 

were rejected becau·se the field size reC]iJi"red was considerably greater than the available area. The 

SunSav Lull~tlur was rejected due to its high field cost. The KTA collector is not a true flat plate 

collector; it relies on sunlight concentration. Consequently, it does not collect a significant 

amount of diffuse radiation in winter months. The KTA collector was rejected at this point due to 

intolerably low winter errid~ncy. 

With the collector field sized as described above, the_relative flat plate collector field 

costs were computed. Table 4 displays these results. Also, the efficiencies of these collectors 

are·plotted in Figure 12. The field cost reflects the relative efficiency differences between 
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Company 
Receiving Bid 
· Package 

• Steelcraft Corp., 
En vi ronmenta 1 Designs. 
Oivi.s ion 

• Hexcel Corp. 
(concentrator) 

t KTA Corp. 

• Northrup, Inc. 
(concentrator) 

• <Mens-Illinois 

• Sheldahl 
Advanced Products 
Division 
(concentrator) 

• Honeywell 

• Alcoa 

1 Allied Equipment Co. 

• American He 1 i ot'herm 

• Ametek 

1 Sunearth, Inc. 

e Heliotherm, Inc. 

1 PPG 

• Reserve Copper and 
Brass, Inc. 

• Solar Development, Inc. 

1 Solargenics, Inc. 

• Solar Corp. of America 

1 Sunsave, Inc .. 

• Sunwater Co. 

• Sunworks 

• Raypak, Inc. 

TABLE 2. SUMf1fiRY OF COLLECTOR B I DOERS 

Responding 
Companies 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Initial Selection Process: 
Reason for Rejection 

Too expensive: Cost = $22.60/ft 2 

Non-responsive. Acceptable data 
not provided. 

Non-responsive. Acceptable data 
not provided. 

Non-responsive. Acceptable data 
not provided. 
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Second Selection Process 
Reason for Rejection 

Does not collect diffuse 
radiation. Winter efficiency 
too low. 

Co 11 ector too sma 11 . I neff i
cient use of area and large 
installation cost. Size: 3' x 6' 

Extremely poor efficiency: . 
Ftstagnation = ·26 

High field cost due to low 
effective area: !!.e.Lare~-- = 

grass area .77 

Collector too small. Ineffi
cient usP. nf ~rP.~ and l~rge 
installation cost. Size: 3' x 7' 
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TABLE 3. DEMONSTRATION OF COLLECTOR SIZING PROCEDURE UTILIZING 
MONTHLY-AVERAGED DAILY INSOLATION VALUESa · · 

- b Insolation Values Hours from Ft=(Tp-Ta)/q, Collector Collected for Flat Plate, qi Solar Noon w/m2 (Btu/hr-ft 2 ) (°F-hr-ft 2 )/Btu 
Efficiency, nc Heat 

0:5 990 (313) 0.0936 0.671' 660 (210.2) 

1.5 900 (286) 0.102 ' 0.662 600 ( 189.4) 

2.5 780 (246) 0.119 0.642 495 (158. 0) 

J.5 !:l!J5 ( '109} 0.155 lJ.bU 355 (113.1) 

4.5 380 ( 121) 0.242 0.498 190 (60.4) 

5.5 175 (55.6) 0.528 0.162 28 ( 8.9) 

6.5 30 ( 9.5) 3~08 0 0 (0) 

Daily total = 4650 w/m 2 day (1480.2 Btu/ft 2day) 
• 

aFor June, collector inclination angle toward south: 28.5° 

bTa = 75.7°F, Tp =average of projected inlet and outlet temperatures: 
T. = 70° T = 14QU T = 105° 1 • 0 • p . 

cFor Allierl E~uipment·co. collector 

0 140° - 70° 6 5 Flat plate heat requ1red per day: 195o _ 70o x 12.5 x 10 Btu/day x 7 

= ti. x 105 Rtu/nily 

6 . 
Fl,,t plate net are& i'l!4U ir·cll: . :" :t. 1 0 BtuLdilY _ 33 77 ft ~ 

Number of units required: 

1480.2 Btu/ft2day 

3377 ft 2 
-=....:......;~- = 66 units 
61.57 ft 2/unit 

!:iru:,:, dl"l:!d rl:!qU1red: bb unitS X 60.06 Uf~;·t = 3964 ft~ grOSS 

F1e1d cost: 3964 ft 2 .~ $10.75/ft2 = $42.613 
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Collector 
Manufacturer 

Allied Equipment Co. 

American Heliothermal Corp. 

Solar Corp. of America 

Solargenics, Inc. 

Collector 
Dime-nsions 

0.9lm x 5.94m 
(3' X 19.5') 

l . 07m x 2. 44m 
(3.5' X 8.0') 

1.07m x 3.05m 
(3.5' .X 10.0') 

1.22m .x 2.49m 
(4' X 8') 

0.9lm .x 3.05m 
(3' X 10') 

0. 9lm .x 5. 03m 
(3' X 16.5') 

TABLE 4. FINAL SELECTION COLLECTOR DESCRIPTION 

Effective Area 
Gross Area 

0.86 

0;87 

0.93 

0.88 

Collector 
Weight 

kg/m 2 (#/ft 2
) 

49 
(10.0) 

41 
(8.4) 

36 
(7.4) 

28 
(5. 7) 

I • '~ • ..... 

' ' 

Absorber 
Coatin.g 

·Nonselective 

Selective 

Nonselective 

Selective 

Nonsel ectiv.e 

Selective 

/ 

Collector Cost Total Field 
$/m2 effective area Cost For 

($/ft 2 effective area) Projection, $ 

134.76 42613 
(12. 52) 

136.57 
(12.13) 39644 

130.35 42444 (12.13) 

137.13 39544 (12.74)_ 

ll9.64 40366 (11.12) 

136.59 
(12.69) 41000 
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0.0175 0.0350 0.0525 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Collector parameter, Ft = t'IT/qi 

F1gure i2. Collector efficiencies. 
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collectors, installation costs, and the basic collector cost. Based upon these results, the Solar

gen i cs nonselective co 11 ector results in the 1 owes t field cost. 

The Solargenics nonselective collector has been selected as the best collector for the follow-

i ng reasons: 

, 1. Absorber coating: Selective coatings .require special treatment in handling, are 

subject to deterioration in the presence of inevitable moisture, and may not be 

easily recoated on large surfaces. Given these considerations and the fact 

that all of the final collector candidates were very close to .each other in 

total field cost, a nonselective collector coating was chosen.· 

2. Collector size: Solargenics, Inc., i~ capable of manufacturing collectors to any Jength 

required. Because of this, they can provide collectors which span the entire length of 

the 5.03 m (16.5 foot) skylight faces. This feature will greatly reduce installation time 

and will permit ea·sy access to both ends of each collector, will reduce piping complexity, 

and will simplify structural modifications to the roof for collector support purposes. 

3 .. Field cost: Of the three nonselective collectors in the final selection, the Solargenics 

collector has the lowest field cost. 

4. Potential efficiency improvement: Solargenics, Inc., has guaranteed a collector efficiency 

significantly higher than the curve (shown in Figure 12) from which present field size 

requirements have been estimated. 

The choice of a nonselective flat plate collector is consistent with the original projection* 

that a nonselective collector whould be optimum for the present application. 

Since the Solargencies area requirement was reasonably close to the area used in the conceptual 

design, th~ roof areas utilized remain unchanged from the conceptual design (Figure of Appendix A-2). 

'. 

* . . 
This projection was made by comparing the efficiencies and costs of known collectors (not necessarily 
those collectors for which bids were submitted) and by considering the desirability of avoiding 
the maintenance and longevity problems associated with sP.lP.r.tivP. r.niltin!J"· 
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3.1.1 Flat Plate Collectors 

The following list describes the design features of the Solargenics collector: 

• Absorber plate- Copper tubes sandwiched between two formeq aluminum plates. 10 tubes, 

1.27 em (0.5 inch) internal diameter 

• Header- 2.54 em (1.0 inch) ID, copper tube .. 

• Frame and back plate- Aluminum extrusion· and plate 

• Glazing-~ow iron tempered glass 0.3715 em (0.125 inch) thick. Installed at factory . 

' • Bottom insulation- 2.54 em (1.0 inch) fiberglass insulation plus 3.175 em (1.25 inch) 

isocyanrate foam 

• Absorber coating- 3M brand Nextel black velvet coating 

• Fluid entrance/exit- Located at ends and staggered to facilitate short intercollector 

connections 1.91 em (3/4 inch) MIP 

The flowrate in the collectors.will be as high as possible within the limits o.f pressure drop 

and cavitation. High flow velocities are important to both reduce scale formation and increase the 

tube-to-fluid thermal conductance. The latter increases the collector efficiency slightly. Flow 

distribution and piping will be discussed in Section 3.1.3. 

The Solargenics collector, which-normally has a selective coating, has not been tested with 

a flat black coating. The curve drawing'in Figure 12 represents· the· efficiency projected by Aerotherm 

of its performance with the Nextel coating. The manufacturer, however, guarantees better performance. 

Before any contract with Solargenic~ is finalized, efficiency data will be obtained. 

3.1.2 Concentrating Collectors 

The Aerotherm concentrator is pictured in Figures 13, 14, and 15 and detailed in the technical 

drawing sectio.n of this report. The concentratQr utilizes aluminum liohHn!J 'iheet to com;entratc · 

beam radiation on the receiver tube. The efficiencies are murh hi!Jher than for flat plate collaetor3 

in the ·range of Ft >0.2. 

The collector tube assembl,y cMsiSts of a .main rec:eiver tube through which water passes. The 

solar ener~ is concentrated on this tube wall. The outside wall itself is selectively coated with 

black chrome over nickel plate. A tubular pyrex gla.zing is used to .reduce convective heat losses. 
. . 

The receiver tube contains an internal plug. The annular flow passage which results raises the 

fluid velocity, thereby increasing the in~ernal heat transfer coefficient. The receiver t.ube is made 
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Figure .1~. 
Solar concentrator, drwe gear and sun sensor. 

- ...... ---......--..,. N 
c 



Figure 1.4. 
Solar concentrator~ rear view. 



Figure 15. 
Solar concentrator, end termination. 
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continuous from collector module to collector module by weld connections, while the ph.g is inserted 

in sections. 

Concentrator steering is accomplished with a_ worm driven gear pictured in Figure 13. The worm 

is driven by a permanent-split capacitor motor with a total gear reduction ratio qf lgQQ-to-1. One 

steering unit is used to steer eight collector modules and is located in the center of a collector 

row. 

'The steering signal is obtained by a shadow band sun direction sensor pictured in Figure 13 _ 

and diagrammed in Figure 16. The diagrammed sensor shows a shadow- over half of the near side photo

cell. When enough sun illuminates the photocell, a small voltage is generated and amplified to 

-trigger a triac. The triac is an A.C. solid state switch for the worm gear motor. The motor will 

turn in the appropriate direction until both photocells are again shaded. Tracking error is less 

than 0.1°. 

It is necessary in some control modes to steer the concentrator away from the sun (as in a 

pump failure). In this case, an alternate pair of photocells is used in addition to the diagrammed 

pair. This second pair is switched into the positioning circuit to steer the concentrator several 

degrees away from the sun. The unit can also be stowed by activating a triac directly. When the 

collection must be stowed, a triac is actuated. The col iector is turned in one direction u~til a 

limit switch is activated. 

The following is a technical description of the concentrator: 

Aperture: 

Length: 

Length between supports: 

Concentration ratio: 

Rim angle: 

Efficiency: (plotted in Figure 12) 

Receiver tube diameter: 

Receiver tube emittance: 

Receiver tube absorbance: 

Transmittance of pyrex glazing: 

Reflectance of aluminum lighting sheet: 

Slew rate: 

Weight (not including mount supports): 

l . 8 m ( 6. 0 ft) -

3.05 m (10.0 ft) 

3.2 m (10.5 ft) 

35 

3.175 em (1.25 inch) 

0.12 

0.94 

0.90 

0.75 

180° in 15 minutes 

540 kg (244 lbs) 
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3. 1.3 Piping Design 

The process piping for the collector field connects to the existing water supply in the 

finished products warehouse, Building W8. From here the pipe is routed through the roof hatch di

rectly above the connection point and into the collector field. The exact routing of the pipe, mani

folding, va 1 vi ng, etc., .is shown on Drawing 7234-030 Sheet 2 (see Attachment 2). 

The material for the pipe and insulation for the hot water lines were specified in Campbell 

Soup specifications. The pipe sizes were selected after an engineering analysis of the flat plate 

collectors and concentrating collector flow distribution was completed. Design parameters considered 

included: 

• Total pressure drop across the field 

• Flow distribution in both types of collectors 

• Minimum line size 

• Scaling 

The piping was designed for a maximum flow rate of 1. 77 1 /sec ( 28 gpm). At the flow rate the 

pressure drop across the field will be 28.3 kg/cm2 (40 psi). The flat plate collectprs will be 

·divided into four arrays each containing 29 units. As a result. the flow rate, per collector will be 

53 1/sec (8.5 gpm) for the long collectors and 359/sec (5.5 gpm) for the short collectors. This 

array size was selected in order to obtain the proper pressure drop ratio between the collector and 

the manifolds to ensure natur.al balanced flow and to keep the water velocity in the risers within 

acceptable limits for efficient heat transfer. The maximum velocity in the risers will be 0.4 m/sec 

(1.3 ft/sec) which is well below the recommended maximum flow rate for copper tubing. 

The field contains six cqncentrating collector arrays. The maximum flow rate per array is 

0.30 1/sec (4.7 gpm). The input and output line for each concentrating collector array is designed 

to handle tnis flow rate. 

For the flat plates the collector-to-collector connections will be made with flexible spiral

wound bronze alloy tubes. Typical of domestic hot water heater connectors, these flexible lengths 

have union type terminations, allowing rapid connections to be made. Flexible connections have been 

used to eliminate the ·effect of differential thermal growth that occurs when th~ collectors are heated. 

Metal is used here as opposed to rubber due to ·the short life of rubber hosing (approximately 10 years) 

under exposure to sun, ozone .• and other atmospheric pollutants. The metal hoses will be insulated. 

Expansion joints will be provided in all the pipe lines by the contractor in accordance with Campbell's 

SPI!Cification. 
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Air vents are normally required in solar collection piping systems. However, because each 

Solargenics collector contains an automatic air vent valve, separate vents will not be ·required in 

the piping system. The Bell and Gossett CB series valves were selected because they have convenient. 

taps for measuring instantaneous flow in addition to the normal valve func~ion. This Jeatur.e will 

save a considerable amount of time during field startup flow balancing as well as during fi.eld operation. 

The potential scaling effects of water.at the Campbell plant on the solar water heating 

system was evaluated using the Langelier Saturation Index, This index is a common tool used by indus

try to evaluate the tendencies toward scaling or corrosion for water systems. The method compares 

the-concentration of calcium carbonate to the saturation concentration 'of calcium carbonate for .spe-
. ' . . 

cific water chemistry. The parameters which must'be taken into account are listed below along with 

the water analyses obtained for the Sacramento plant wat~r by thi Central Environment Lduuratory of 

the Campbell Soup Company. 

Total dissolved solids: 

Calcium hardness (as Caco3):. 

Total alkalinity (methyl orange): 

pH 

313 ppm 

120 ppm 

110 ppm 

7.88 

The results of the L_angeli.er Index evaluation for the above water conditions are as follows: 

Temperature. 21.1°~ (70°F) 90.6°C (195"F) 

Langelier Index +0.1 +1.25 

The generally accepted indications of system tendencies ~~-e ils follows: 

Value of 
Ldnge11er lndex 

+ 2.0 

+ 0.5 

0.0 

- 0.5 

- 2.0 

Ten..:le.-u .. y 
Indicated 

Sea 1 e forming, noncorrosive for pract i ca 1 purposes 

Slightly corrosive and scale forming 

Nonscaling, pitting corrosion possible 

Slig~ly torrosive, nonscaling 

Seriously-corrosive 

The results of the inrlev computition indir.nt.~ thal ~~o;allng could take place at the higher 

system temperatures. No scaling rates are given by the index. Scaling will not be.a .problem 

because any sea 1 i ng taking place in the system will be removed by the de sea 1 i ng sol uti on which is 

used once yearly throughout the Sacramento plant water s.vstem as a norfll<\1 maintenance proced•1re. 
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3.1 .4 Roof Loading. 

In addition to the dead weight of the co 11 e"ctors, the roof structure m"ust ·a 1 so support the 

ae ro_dynami cs or wind loads imposed on the co 11 ectors. · · 

The first step in det.ermining a wind load is to establish the wind velocity to be used for 

calculating loads. ANSI building code A58.1-1972 was used to determine the appropriate effective 

velocity. In general, a wind pressure on the surface of a structure is given by 

where Cf is a nondimensional coefficient determined by a·nalysis or experiment, and q is called the· 

velocity pressure with units of. pres'sure. The effective velocity pressure was established according 

.to paragraph 6.3.4.1* by the following classification: 

1 Mean recurrence interval- For structures which are highly sensitive to wind.forces, 

a 100-year mean recurrence interval sha 11 be used in determining fastest-mi·l e winds. 

For Sacramento, the 100-year fastest mile speed is 35.8 m/sec .(80 mph) 

1 Building height- Wind velocity varies with height above the ground. The Campbe.11's 

roof is 9. 1 m ( 30 ft) . 

1 Location -Tabular information for velocity pressures is given by the ANSI code accord-

ing to the type ~f location in which a structure is found. The Sacramento plant can be 

classified as a city outskirt or suburban area. 

t Type of structure- Tabular velocity pressure information is divi~ed into application~ 

for (1) structures and (2) parts or portions of structures. The analysis here is for 

the second classification. 

The velocity pressure for the above classifications is 73.2 kg/m2 (15 psf). For conservatism, 
. . 

a 122 kg/m2 (25 psf) velocity IJf't!ssure was used fOr' load analys.is and structural member sizing. This 

pressure corresponds to the dynamic head (1/2 pV 2 ) of an air velocity of 44.7 m/sec (100 mph). 

Pressure coefficients, Cf,·were taken from the data for flat plates between walls for Area II 

(see Figure 1, Appendix A-2) and for wedge shaped obstructions at ground level for Area 1 (see 

Reference 5). Initial analysis for Area I indicated that upward loads were much too severe·when 

* Analysis according to paragraphs 6.3.4 and A6.3.4. 1 yielded less conservative results. 

45 125 



wind approached from the rear of the monitor. Thus, the' space between the monitors has been designed 

to be closed off with a back wall and sealed. An attempt was made to avoid mounting to the roof for 

Areas I and II, since each roof mounting point is expensive due to the need to make water tight pene

trations. Instead, the sides of the sawtooth monitors will be opened and structural members placed 

·between the monitors by mounting to existing .structural members within the sawtooth. Drawings 

7234-048, Pages 12 to 15 of Appendix C, contain the structural modification assemblies for these 

areas. The minimum safety factor for the structure is 1.67, based on the wind pressure analysis. 

Pressure coeficients for the concentrator have been taken from wind tunnel test data for 

concentrators of similar configuration (See Reference 6). The determined p~ak drag and lift co

efficients are both C = 1.75. In addi.tion, a peak moment is applied to the. concentrator axis of 

207 kg-m (1500 lb-ft). Using the value of C = 1.75 with the 44.7 m/sec (100 mph) velocity yeilds a 

horizontal or a lift force of 11 ,700 nt (2630 lb) per collector module. These design values were 

used to size the triangular frame structures, used every 3.2 meters (10.5 feet), shown on.pages 8 

through ll of Appendix C. 

In order to minimize building modifications in the form of roof mounting points, the possi

bility of using collector module.s of. twice the present length was investigated. The concentrated 

loads on the roof.increased to twice their value for that case and were judged too high to consider 

the idea further. 0 .. 

After all wind loads and dead weight loads were tabulated, Aerotherm employed the structural 

consulting. firm, of Buehler, Cole, Vee & Schubert as specified by the Campbell Soup Company, to 

analyze the original roof. structure·to determine its capability to handle and added loads. The ·con

sulting firm has verified the adequancy of the warehouse roof structure. 

• 
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3.2 STORAGE 

The water storage system consists of the accumulator tank, pump, and associated equipment and 

piping. The system was designed to store ~he output of th.e solar collector field and supply the hot 

water to can line U on demand. The collector field will operate 7 days ·a week and the can washer line 

five days. The layout of the system is shown on. Drawings 7234-026 and -027. Drawing 7234-D29 shows 

the installation at the Campbell Soup Plant. 

3·.2.1 AccumulatorTank 

The accumulator tank working volume is based on a process, demand (output) of 47.3 liters/minute 

(12.5 gpm) of potable water for two shifts, 5 days a week and an input from the field spread over 7 

days a week. Therefore, the tot a 1 daily .input to the tank wi 11 be 5/7 of the output resulting in a 

net decrease in the tank 1 evel Monday through Friday and fi 11 i ng of the tank on Saturday and Sunday. 

The total daily process demand will be 45,420 liters (12,000 ·gal) and the collector field will supply 

5/7 of that, or 32,456 1 iters (8575 ·ga 1) per day. The net outflow from the tank will be 12,982 1 i ters 

( 3430 ga 1) per day or a tota 1 of 64,912 1 i ters ( 17,150 gal) from Monday through Friday. On Saturday 

and Sunday the process demand wi 11 be zero and the input from the field wi 11 be 32,456 1 iters (8575 ga 1) 

each day for a tota 1 increase of 64,912 1 i ters (17 ,150 ga 1). On Monday morning, the tank wi 11 be 

full and ready for the next working cycle. The cycle is shown in Figure 9. 

The diameter of the tank was selected on the basis of the following design and cost 

factprs. 

t Area available for the accumulator tank and pump at the Campbell Soup facility in the 

location ~pecified 

• · Allowance for clearance for walkways around the equipment, clearance•around the doorway, 

access to the equipment after installation and during operation. 

t Transportation of the tank from the tank fabricator to the erection site, 

t Maximum allowable height 

t Cost of field fabrication versus fabrication at vendor's facility. 

An analysis of the above factors showed that a tank with a diameter of 12 feet was the most cost 

effective. 

The total volume of the tank is a nominal 72,672 liters (19,200 gal). This size is based on 

a working capacity of 64,912 liters (17,150 gal) of water, a nominal water level ·of 0.229 meters 

(9 inches) to accomodate the floating suction, and a clearance.of 0.38 meters (15 inches) between 
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the water level and the top of the tank when the tank is full. The total height of the tank will be 

6.86 meters (22 feet 6 inches), with a straight height of 6.71 meters (22 feet) and a conical cover 

0.15 meters (6 inches) high welded to the· shell. 

The tank will be equipped with a 0.051 meter (2 inch) overflow pipe that will drain the tank 

from the bottom under certain conditions. This feature is designed to remove colder water from the 

bottom of the tank, while hotter water is being fed in from the field at times when the tank is full 

and _a net gain in energy can be realized by operating the field. (See Section 3.4.2). 

The tank material of construction must be compatible with potable water up to a temperature of 

l00°C (2l2°F) .. Several materials were considered including: 

• Fibergla&& 

• Stainless steel 

• ~teel with special li~i~g 

A cost analysis of the various material options showed that the steel tank with a USDA approved 

PLACITE 3055 baked phenolic lining met all the design requirements and was cost effective. Table 5 

shows the properties o~ the lining. The tank selected will be fabricated in two sections, shipped 

to the job site, field welded~ erected, and then the phenolic lining will be applied. 

A floating suction will be used in the ti\nk to i~sure that the hottest water from the top of the 

tank is being pumped to the can line at all times. The inlet from the field will he lnr.ated far 

enough _away from the floating suction to minimize the temperature influence of the water being pumped · 

out. The floating suction consists of a 0.051 meter (2 inch) diameter pipe with a swivel joint on 

one end and a suction stub and float assembly attached to the other end; The swivel joint will be 

mounted directly to the tank wall approximately 3.66 meters (12 feet) a~ove the bottom and the suction 

will have a travel distance of± 3.ll meters (10.2 feet). The entire assembly will be made of bronze 

and the swivel joint will be sealed with three a-rings to prevent lube grease from entering the potable 

water in the tank and to stop water from entering·the ball races. Figure 17 shows the floating suc

tion assembly. The nylon coated stainless steel cable .is desinged to allow easy inspection of the 

assembly when necessary. 

The accumulator tank will be insulated to minimize heat loss. The insulation was designed for 

a maximum heat loss of 18.2 watt/m2 (6 Btu/hr-ft2 ) at an ambient temperature of 15.6°C (60°F) and a 

water temperature of 100°C (212°F). Several insulation/ application systems were analyzed to deter

mine the lowest cost ~ne. The 1nsulat1on selected will consist of 15.2 em (6 inches) of fiberglass 

intermediate service board, manufactured by Owens Corning Fiberglass Corporation, covered with a 
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. TABLE 5. ACCUMULATOR TANK INTERNAL PROTECTIVE COATiNG 
I' 

TYPE A straight phenolic type of the high·bake series. The 
coating has superior resistance to acids and solvents. 

INTENDED Ta~k lining for solvent, acids, food-products and as a 
USE protective coating for ducts, machinery parts, ·filter 

press plat~s, rayon machine parts, fans, oil well tubular 
goods, etc. Meets requiremehts of FDA and M.I.D. of U.S.D.A. 

TEMPERATUP.E Dry film basis is 400°F continuous and 500°F for short 
RESISTANCE periods of time 

COLOR Color changes from brown to cherry red after final baking. 

PIGMENTS Iron oxide in pigmented primer coats 

SOLIDS Primer 60% by weight --finish coat 50% by weight 

SHELF LIFE At 70%- 6 months 

VISCOSITY For spray, adjust with No. 30 thinner to 16 seconds Ford 
Cup No. 4 at 70°F. (Two parts No. 30 Thinner to 3 parts 
3055 Primer or finish will approximate this viscosity.) 
For dipping, start with same viscosity. This may be 
varied as needed to conform with size and shape of rna-· 
terial. Not normally recommended for brush application. 

COVERAGE For 100 square feet of surface use approximately 1 gallon 
3055 Primer (pigmented), l/2 gallon 3055 Finish (clear) 
and 1 gallon No. 30 Thinner to produc~ the st. 5 to 7 mil. 
film. Use 4 coats of Primer and 2 coats of Finish at~ 
spreading rate of 400 sq. ft/gal/~oat, undiluted basis~ 

BAKING The approximate schedule is based on metal. temperatures 
SCHEDULE and coatings on 18 ·guage steel. The time schedule shall 

. .. 

be adjust~d to meet conditi6ns and to meet the proper color 
. requirements. 

• intermediate Coats - 10 to 20 minutes at 250°F to 300°F 

• Finish Coat and Final Bake- 1-l/2 hours at 350°F to 
4UUv~ 

• Final Bake at 400°F for sulfuric acid service 
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The OPW 764 Floating Suction .C.:;~.emoly does not include the 
vertical pipe. May be mounted Y.ith tt-e swivel connected to a 
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:: _j_ 

A 
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A 
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Figure 17. Accumulation tank floating suction. 
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0.41 mm (0.016 inch) thick aluminum and secured with aluminum bands. In order to redu~e the heat 

loss from the bottom of the tank, an insulating pad wnl be insta.lled under the tank. 

3.2.2 Transfer Pump 

The transfer pump circulates water from the accumulator tank through the heat exchanger to 

the can washer nozzles. The required pressure at the can washer nozzle is 42.44 kg/cm2 (60 psi) 

minimum. At this pressure the flowrate per nozzle is 5.68 liters/m (1.5 gpm) and the total flow for 

the eight nozzles is 45.4 liters/m (12 gpm). Table 6 shows the pressure versus flow for the can 

washer nozzles. An engineering study of the pump requirements and operation was made to determine 

the best type and the size of pump required. 

A centrifical pump was selected for this service. The centrifugal pump is the type most 

widely used in the chemical industry for transferring liquids of all types including general service 

of water supply, boi"ler feed, condensate return, etc. The primary advantages of a centri fuga 1 pump 

are simplicity, low first cost, uniform {nonpulsating) flow, small floor space, low maintenance 

. expense, pumps nonlubricating fluids, and quiet operation. Pump motor horsepower was an important. 

consideration in the study because use of. electrical energy lowers the overall efficiency of the 

system and increases the cost per Btu of collected energy. After the requirements for the pump were 

established, quotes from.several manufacturers were obtained and the final selection was made. The 

pump selected was a bronze fitted Fairbanke Morse Wesco Model Number CK610 regenerative turbine pump 

with a separate 3 horsepower motor and steel mounting base. A separate pump/motor combination was 

selected so that the pump could be insulated to minimize heat loss from the system. 

3.2.3 Associated Equipment and Piping 

The piping run from the accumulator tank to both lines U and V shown on Drawing 7234-030, 

sheet 1, was designed for convenient simple installation requiring a minimum of rework to the building. 

The line is routed along the outside wall of Building 4, through ·the top of the window on the second 

floor, up to the ceiling, and over to the can lines. This routing keeps the line away from working 

areas where people could contract it or it could be damaged by moving equipment. 

The material for the pipe, and insulation for both the water lines and steam lines was specified 

in Campbell Soup specifications. The pipe size was selected after an engineering analysis was con

ducted on each system. The pressure drop in the hot water line was an important consideration since 

it influenced the pump motor horsepower. The pipe size selected for the potable water line was 3.81 em 

(1-1/2 inch) schedule 40 pipe. The steam line was sized based on available steam pressure and the 

·maximum steam use rate. 
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TABLE 6. EMPTY CAN WASHER NOZZLE 
FLOWRATE AT VARIOUS PRESSURES 

Pre·ssure F1 ow.rate 

c~z (psi) 1 iter/mm (gpm) 
.... 

10.61 (15) 2.95 (~78) 

14. 14 (20) 3.37 ( .89) 
21 . 21 (30) 4.16 (1.1) 

28.29 (40) 4.92 ( 1 . 3) 
42.44 (60) 5.67 ( l . 5) 
56.58 (80) . 6.43 (1. 7) 

70.73 (1 00) 7.19 (1. 9) 

Fu11jet nozzle 1/4 G 6.5 
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3.3 CAN WASHER INTERFACE 

The can was·her interface section consists of the heat excha.nger and associated steam line and 

the details of the connection to can lines U and V. Can line U is the line that will normally be 

operated-with solar heated water. Can line Vis connected in case something happens to can line U 

during Phase III of the program to render it inoperable for a period of time. Having both lines 

piped in at the same time will also save money and avoid program delays in the future. 

3.3.1 Heat Exchanger 

The heat·exchanger was designed using the following parameters: 

• Fluid heated - potable water. 

• Temperature rise- 2l.l°C to 93.3PC (70°F to 200°F) 

• Fl~wrate- 56.77-liters/m (15 gpm) 

• Pressure drop- 0.707 kg/cm 2 (1 ·psia) 

• Heating fluid -steam 1_4.14 kg/cm2 (20 psig) 

• Fouling resistance- 0.001 shell side 
0.005 tube side 

The surface area was calculated using on overall heat transfer coefficient (U) of ll81 watt/m2 °K 

(208 Btu/hr-ft 2 °F) clean and the fouling factors shown above. The ·calculated surface area was 

3.81 m2 (41 sq. ft.). The materials of construction for the heat exchanger were selected based on 

compatibility with potable water and steam service. Admiralty red brass tubes and shell was. selected 

based on copper for the tube side at the suggestion of Campbell Soup Company, because of the possi

bility of green discoloration of the food products. Table 7 is the data sheet on the.unit. 

The heat exchanger wi~l be located near the ceiling on the second floor of building 4, as 

shown on Drawing 7234-025. This location was selected because of the proximity to 'lines U and V 

and the main structure to mount the unit already existed. Also, there _is an existing steam line 

close to the installation site and there is enough room so that the tubes of the ·heat exchanger can 

be cleaned. Drawing· 7234-02B shows the heat exchanger installation details. 

3.3.2 Interface with line U 

The can washing device used on line U is a sheet metal enclosure, approximately 2.44 meters 

(8 feet) long and it has a water supply tube with a row of eight 1/4 G6.5 nozzles located along the 

lower edge. During the travel through the washer the empty cans rotate so that all surfaces are 
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HI!AT TRANSFER DIVISION 

AMERICAN-STANDARD 
POWER 8. CONTROLS GROUP 

IUFFALO, N.Y. 142•0 

TABLE 7. HEAT 'EXCHANGER SPECIFICATION SHEET 

JOB NO. RFO 0291 
CUSTOMER 8cur:eK Cor:!loration REFERENCE NO. 

ADDRESS Mo~Ca1if. INQUoRV NO.~l_6-8-24-2P.R 
PLANT LOCATION OAT£ 

SERVICE OF UNIT Po tab 1 e Wa ter _ _Heater: tTEM NO. 01 
Sl ZE 08024 TYPE t:!CF-r. htORtZ.I CONNECTED IN I VERT.) 

SQ. FT. SURF . .'UNIT GROSSI 41 SHELLS/UNIT 1 SQ. FT. SUAF./SHELL •r::?.~' 41 IE H. 

PERFORMANCE OF ONE UNIT 

,;M liL.L. El Cli TUBE $ICE 

FLUID CIRCULATED Steam Potable Water -__ #/hr 1022 7386 TOTAL P'LUtD f:.NTERING ... 
vAaon 
LIQUID GPM 15 
STEAM #/hr 1022 

... ............... --···-
NON·CON r:'lf~""'\ A SL &;' ,, ___ , . ···-· .... ·~· .. 

ri..UID ,.,.,,,,.O~btEU Ul'\ CUNLJ!!.N~f:.lJ 

' STEAM CONDENSED 

GRAVITY 

VISCOSITY 

MOLECULAR WEIGHT ' 
SPECIFIC HEAT. BTU/LB• "F BTU/LB• 'F 

THERMAL CONDUCTIVITY BTU/HR•FT-•F BTU/HR·FT• '"F' 

LATENT HEAT 939.4 BTU/LS BTU/LB 

TEMPERATUR~ IN 259 •F 70 •F 

TEMPERATURE OUT 2SQ •F ?nn "F -·--.. -------~--~ 
OPERATING PRESSURE 20 PSIG 100 PSIG 

NO. PASSES Pf..A SHELL 1 4 
1 ,. .. ... -VI!LOCifY FT/SEC FT/SEC 

PRESSURE DROP NfG PSI 0. 14 PSI 
FOULING RESISTANCE IMIN.I .0005 .001 
HEAT EXCHANGEO·BTU.'HR 960 .. 200 MTO.CORRECTEO•"F 112 
TRANSFER RA.TE-GERVICE 2.llB CLEAN -·-

CONSTRUGTION OF ONI!: !H!:LL 

DESIQ"'! PRESSURE I 200 * "sl I 150· PSI 
TEST PRESSURE I 300 PSI I 225 ·--;;;;-
DESIGN TEMPERATURE I 300 * "F I 300 '-=F" 
TUBES Admira1tv NO. 210 0.0. 3L8 BWG. 2~ ,LENGTH 2~ PITCH 22L64 IBI 
SHELL Red Brass 1.0. o.o. SHELL COVER IINTEGI IRE140VI ·-~OR BONNET Cast Iron CHANNEL COVER 

TU BESH E E T- STATIONARY Foraed Brass TU BESH EE T·FLOAT lNG 

BAFFLES-CROSS Brass TYPE SEG FLOATING HEAD COVER 

BAFFLES-LONG TYPE IMPINGEMENT PROTECTION ·-TUSE SUPPORTS 

TUBE TO TUOESHEET JOINT Rolled .. .. 
CASt<E:TS Asbestos ---
CONNEC r IUNS·SHELL SIOF. IN 3" OUT 3" RATING N.P.T. 

2" 2" N.P.i'. 
-.... -.. 

CH~NNEL 'SinF. IH ou·r n.a.Ttt-10 ... .. ... 
CORROSION ALLOWANCE-SHELL SlOE TUBE SlOE 

cooE REQuiREME.NTs ASME Sec. VIII TEMA CLASS 

WEIG.-tTS-EACH SHCLL BUN OLE FULL OF WATER 

~C?TE· INOI~~.!_¥~!·:.!~~-f:.~~:~~-~~~!!..!...!"_!:t_!.!._H_E!!._~!!!~!:J:.!~'!'.f.Q~~!!._!..!'i~!!i~.~~~!..OCHAPHF.CIIX-RI 
REM"R"s' * .M.:~xi!!!UIII s.ti.!il!!LJWessur:e. on the shel ·1 side is 100 psig at 350°F. 

Unit not suitabie.J..o.J:......Steam io_tbe tub.e •. .. 
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exposed to the. fixed streams of hot _water. The water is supplied to the empty can was~~r ·through a 

1.91 em (3/4 inch) schedule 40 pipe. The hot water supplied to the can washing line must meet the 

following requirements: 

• Flowrate- 47.31 liters/mm (12.5 gpm) in demand· 

• Pressure - 42.44 kg/cm2 (60 psi) at nozzle 

• Temperature - 82.2 - 90.5°C (180-195°F) 

• Duty cycle -·continuous during two week day shifts. Shuts off when the can line stops. 

The interface with line U shown on Drawing 7234-030 is designed to be simple and fast. All 

that is required is removing a sect.ion of 3/4 inch line between two unions and replacing it with a 

new section of line containing the solar hot water connection, temperature sensor, flow switch, and 

a pressure gage. 

Acurex proposes to plumb the drain line from the empty can washer into a sump under the full 

can washer. This water will be used as the second rinse in the full can washer. The water will then 

be collected in a second sump mixed with detergent and pumped into the first section of the full can 

washer. This design would utilize the heat contained in the hot. water from the empty can washer and 

eliminate the need for supplying new water to the full can washer. Drawing 7234-030 shows this 

design. 

3.4 CONTROL SYSTEM 

The control system performs three major functions. It controls t~e collection and storage 

of solar energy, it controls the supply of hot water to the canning line at the proper temperature 

and it protects the collector field from environmental damage. 

The control phi,-osophy is predicated on a maximum amount of local autonomous control in each 

of the three major equipment ·areas. Those functions which can be controlled completely within ·the 

field or other areas are handled there with only status or analog information passed to the central 

console. · Example, the wind velocity sensor is mounted .at the collection field. A high wind velocity 

will trigger the "stow" function of the tracking concentrators without action of the central console. 

Similarly the use of process steam for additional water heating in the heat exchanger does not involve 

any central control action other than turning on the steam supply. Drawings 7234-027 to 030 and 045 

shows the control system components. 

Since the three major operating areas are separated by some distances, all control and analog 

signals are exchanged at high levels (1 volt or greater). 
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3.4.1 Field Control Components 

The field junction box is the connecti?n point for al~ field data and control signals. The 

Resistance Temperature.Detector ('RTD) temperature sensors are conditioned to 0-1 volt signals rep

resenting -17.8 to 12l°C (0 to 250°F) temperatures. Each sensor has one or more alarm sensors con

nected to it to signal local freezing dangers, overtemperature or normal operating conditions. The 

wind velocity indicator is also equipped with upper limit alarms so that in the event of high winds 

the movable concentrator panels will move to the "stowed" position. Similarly a "concentrator over

temperature" indication will cause that concentrator to "desteer" to eliminate the possibility of 

boiling in the concentrators. 

When a poss'ible field freezing condition exists with any local panel temperature below l.l°C 

(34°F}' a signal is sent to the central control .console which will trigger a controlled water flow 

through Lin:! panels to ke~p them from frPP:o":;n!J. 

3.4.2 Storage Tank Control Components 

The storage tank area contains the majority of the active system control elements. The major 

active control loop is the collector field flow control. This loop consists of a Digital Dynamic 

Incorporated digital flow control valve, a Barton 306 FLOTRAC water flow meter and a DDI M~lOO 

controller. 

The Model 500 FLOTRAC ·Meter is an accurate, high pressure water meter. The FLOTRAC, employs 

a "constrained vortex" principle to provide an accuracy of ±1.0 percent over a broad range. The meter 

has but one moving part which conies in contact with the process media, the rotor. Tht! rutur assembly 

includes bearing!. dlld an integral magnet, and can be removed and replaced quickly and easily in the. 

line. 

The register assembly is magnetically coupled to the rotor assembly. This.eliminates friction 

and leakage from packing glands. 

The Model lUU 1s a single setpoint. electronic analog controller with inteQral A/0 ronverter 

and solid-state relays for driving 4 to 7 bit rli!Jital binary control valves. IL u~~s the PID 

algorithm to provide proportional, int~!)ral (reset), and derivative (r·dl~) response. individual gain 

controls are provided for the 3 modes. All field wiring is connected via a heavy~duty terminal strip 

mounted on the circuit board: 

The process variable and setpoint inputs·respond to standard voltage or current mode industrial 

control signals. The setpoint is provided by the central control console according to the mode of. 

operation. Interchanging the input signals converts the controller to reverse-acting. 

..·,_. 
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The control valve is driven by an analog/digital converter and integral solid-st~te relays. 

The valve update interval is adjustable to allow optimization of system performance. Individual, 

easily replaced fuses protect. the relay~. The valve setting is indicated in binary by light-emitting 

diodes on' the circuit board. A valve disable line is provided to overr1de the controller functio~ by 

de-energizing the solid-state relay outputs. With the controller disabled, the solenoid outputs niay 

be individually .switched for maintenance purposes. 

The D.D.I. 6070 series digital control valve is a general purpose device suitable for water. 

The standard valve contains eight internally piloted diaphragm type ASCOtm solenoid valve. 
·, . , . 

actuators. Associated with each solenoid actuator is a metering flow restricto.r. By ~electively 

energizing the coils of the solenoids. controlling these flow restrictors, any discrete flow restriction 

.can be set on the valve in increments of the smallest restriction The valve orifices are sized in a 

binary progression so that by selecting various combinations of valves, flow may be controlled to a 

.resolution of 1 part in 31 or 3 percent. The reliability of an on-off valve is many times gre~ter 

than a proportioning type control valve. 

Other sensing equipment located at the tank· includes the tank· level and temperature sensors. 

The tank level is sensed by several Delaval float type switches located on a support frame which is 

inserted from the top of the tank. .These· flat switches signal ·tank level high or full, low, and "tank 

·empty. The switches used on hermetically sealed and actuated magnetically for maximum reliability 

and 1 ifetime. 

The tank also contains two temperature sensors which measure the. temperature ··of the top ani! 

bottom of the tank and the diff.erential between them. If the tank is full, but the temperature 

differential between top and bottom indicates that useful energy may still be adde·d, ·the control 

system will allow replacement of cooler water at the tank bottom with hotter water from the field. 

However, in this mode, the field flow is controlled, to add high temperature,water while minimizing 

the amount of water which is dumped. 

The remaining tank con~rol components consist of a. pair of flow switches to detect flow 

stoppages in supply from the_field or flow to the canning line. 

3.4.3 ·can Washer Control Components 

The can washer area has only two control components. The temperature of the water leaving 

the heat exchanger is measured by a liquid filled thermal bulb which directly actuates a control 

valve on the.steam line into the. heat exchanger.· A LESLIE "Eventemp" GICK valve is used which has 

been in commercial use for 10 years. 
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A water flow switch is used to detect when the can line is shut off for some reason. Its 

signal will cause the central control console to shut off the steam and pump after a short time 

period. 

3.4.4 Central Control Console 

The central control console contains the main operating and control components, the data log

ging system and the control panel. 

The control console is shown pictorally in Drawing 7234-045. It contains indicator lights to 

indicate various modes, the status o·f system components·, various possible ·malfunctions and several 

operating controls. 

The. "mode" control switch can be used to select the four operating modes of the system 

(Figure 18). In the "solar supply" position, the system is activated each morning by a reset timer 

and operates normally. The field flow is controlled by a preset flow program drawn on·the ch~rt·of 

a Leeds & Northrup Trendtack controller. The normal flowrate as a function of time is drawn on the 

chart and the controller will connect this to a DC signal which is sent to the flow controller at the 

tank. lhus the flow may be programmed for maximum flow during the hours of highest solar insolation. 

As the system starts each morning, the control system checks for a positive temperature rise across 

the fi.eld. If no useful energy is being added to the water, or if energy is being lost, the field 

is bypassed. 

'· 
In the "Boiler Supply" mode, the canning line is supplied by the normal company hot water sup-

ply and the control system will act only to protect the field components from frf'f'7f' or ov~;>rtempera-

The "Overtemperature Protect" mode may be signa 1 ed by a full tank of hot water, a hot cell ector 

or the manual mode switch. In this mode the field flow control is switched to temperature control 

and the m1n1mum amount of water necessary to keep the field below 96°C (205°F) is run through the· 

field. In this condition, the concentrators are "stowect". 

The "Freeze Protect" mode operates in a similar manner in that the field water f.low is set to 

a minimum flowrate through the field and a drain valve is opened. This mode activiates when the 

temperature of any field.sensor is below l.l°C (34°F) and deactivates at l0°C (50°F). 

If the storage tank is full but the tank bottom temperature is below that of the field outlet, 

then useful energy can still be added to the. tank. In this case the field water flow control is 

switched from flowrate to temperature control and the system will produce as much as 93°C (200°F) 

water as it can to add to the tank. A tank overflow will dump cooler water from the bottom of the 
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tank until the entire tank reaches 93°C (200°F). At this point the control system will switch to 

the "Field Overtemperature Protection" mode, until the tank cools or water is used and must be re

placed. The flow control setpoints for these various modes may be adjusted ins{de the control panel. 

The front panel also contains manual flow controls. 

Logical control functions will be done with a Texas Instruments Programmable Logic Controller. 

These units are rapidly replacing the older type:of relay logic whenever complex logical functions 

are required. During the setup phase, the programmable nature of the controller will be used to 

modify the opera·tion of the system as necessary. After the system is on-line, the program is trans

ferred to permanent. read only memory. The Texas Instruments STI system has been in widespread indus

trial usage for two years and similar units are available from alrnust all industrial control 

manufacturers. 

The overall control scheme with all contingencies is detailed fn Table B.' .. J ·' 

3.5 DATA ACQUISITION SYSTEM 

3.5.1 Field Data Components 

The collector field instrumentation is summarized in Table 9. The field temperature sensors 

are RTD with Action Pak signal conditioners. These signal conditioners produce a 0 to 1 volt signal 

representing ·temperatur~s of -l8°C to l2l°C (0°F to 250°F). The ambient temperature is measured using 

a mast mounted Weather-Measure model T621 thermosensor wfth a radiation shield. Wind speed and 

d'ir~c.:tlon ar~ sensed by a Weather Measure WlOl-P-DC/540 Skyvane I system mounted on a 10ft mast. 

Also mounted 1n the field are an .EPPLEY PSP pyr·dnometer and an EPPLEY SBS pyranometer. 

All sensor outputs.are conditioned to 0-1 volt signal5 for tt·ansnrisslon to the data system. 

3.5.2 Storage Tank Data Components 

The storage tank area is equipped with RTD thermometers and the Barton flowmeter as shown in 

.Table 10. All signals are conditioned to 0-1 volt DC for transmjssion to the data system. 

3.5.3 Can Washer Data Components 

Both canning lines "U" and "V" are equipped with temperature and water· flow sensor3 in ot·der 

to compare the performance of the solar and.reference can lines (Table 11). 

The temperature sensors are RTD' s ·and the water fl owmeters are Barton mode 1 306 FLOTRACs. 

All signals are conditioned to 0 to 1 volt DC levels by Action Pak model 1400 or 7050 signal 

conditioners. 
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TABLE 8. SOLAR HOT WATER CONTROL 

Condition 

Function switch set to "SOLAR SUPPLY" 

Surface of flat plate collectors is below 72°F 
(adjustable) 

AND 

Tube surface of concentrators is below 70°F 
(adjustable) 

Field outlet temp. exceeds 205°F 
(adjustable) 

OVER TEMPERATURE mode is active 

AND 

TFIELD < 195oF 
. OUTLET 

Power supply fails 

Function switch set to "BOILER SUPPLY" 
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Action 

NORMAL OPERATING MODE 

• Programmed flow controller operates flow 
control valve. Start up in bypass mo.de 

.. :·. 
• Pump operates and steam supply solenoid'.·-;~. 

valve opens on demand 

• Solar supply valve open. Plant supply valve 
closed 

INADEQUATE TEMPERATURE BYPASS 

• ·switch va 1 ves to all ow flow to bypass fie 1 d 

e light "INADEQUATE TEMPERATURE BYPASS", 
record on logger 

OVER TEMPERATURE 

Augment programmed flow by small increment 
(to be determined) 

Deactivate OVER TEMPERATURE mode 

POWER FAILURE 

Normally open solenoid valve opens. Flow 
circulat~s through field to drain (10 GPM) 

• Pump turned off 

• Steam .supply solenoid valve shut 

• Plant hot water supply valve is open to 
canning line, solar system valve shut 

e light "BOILER SUPPLY", record on logger 
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TABLE ·a. Continued 

Condition 

Function switch set to "SOLAR SUPPLY" 

AND 

Tank is empty 

(Dead band on bottom level switch to be approx. 
1 foot to 2 feet in height) · 

Outlet water temp. from H.X. falls below 
170nF (adjustable) (delay 5 minut'es) 

AND 

Canning line solar s~pply valve is op~n 

Use reset button for restart 

Canning lfne water demand switch opens 

Action 

EMPTY TANK 

t Pump turned off 

t Steam supply solenoid valve shut 
~ ·} . . ' 

• Plant hot water supply valve is open to 
canning line, sular system valve shut 

t Light "EMPTY TANK" (red light), record on 
logger 

HEATING MALFUNCTION 

Same as EMPTY TANK mode, only 

t Light "HEATING MALFUNCTION'.' (red light), 
record on 1 ogger · 

SHLITDOWN 

• Pump is shut off 

t Steam supply solenoid valve is closed 

t Light "CAN WASH SHUTDOWN", record on 
logger 

t---~··-······ -····---~--------------+---------------------; 

Storage tank is full 

AND 

1TANK < 1TANK 
BQTTOM INLET 

5tor~g~ lank is fUll 

.·· .. · 

AND 

1TANK > 1TANK 
BOTTOM INLET 

AND 

TTANK < 190°F (adjustable) 
BOTTOM 
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FULL TANK,. NORMAL OPERATION 

t Light "FULL TANK", record on data logger 

ln1tfate: "FULL-TANK, TEMPERATURE. 
CONTROLLER" 

• Disable flowrate programmer 

t Enable set point controller: for control 
valve. TTANK = 200°F 

INLET SET 

• Exter·ndl standp1pe allows tank to drain 

t Light "FULL TANK, TEMPERATURE CONTROLLER", 
record on data logger 

t Disable FULL TANK, NORMAL OPERATION mode 



TABLE 8. Continued 

Condition 

Storage tank is full 

T .. 
SURFACEF.P. 

AND 

TTANK > l90°F (adjustable) 
BOTTOM 

.< 34°F (adjustable) 

OR 

T 
SURFACECONC. 

< 34°F (adjustable) 

TMANIFOLDS c 34°F (adjustable) 

FREE~E PROTECT mode is operative 

AND 

TTANK > 40°F (adjustable) 
INLET 

FREEZE PROTECT mode is operative 

AND 

Flow switch in drain line indicates 
inadequate drainage flow. 

Any c:ontrol mode i!: operative 

AND 

No signal exists for opening. control valve 

AND 

TSURFACE > 20S°F (adjustable) 
F.P. 

OR 

T > 205°F (adjustable) 
SURFACECONC 
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Action 

• Steer concentrators away from sun 

e In addition, light "TANK TEMP> l90°F", 
record on logger 

FREEZE PROTECT 

• Disable flow rate program 

e Light "FREEZE PROTECT", record on logger 

• Ora in va 1 ve opens· for l 0 "GPM flow 

t Fie.ld bypass valves are in field flow 
position 

Deactivate ''FREEZE PROTECT" mode 

DRAIN FAILURE 

t Main flow control valve opens to allow 
10 GPM flow into tank 

t Light "DRAIN FAILURE" red, record on logger 

t Field -bypass valves are in field flow 
position 

HELD OVERHI:.A I PI<U"II:.CT 

Maintain all conditions of operating mode, but 

1 Steer concentrators from sun 

t Enable set point controller for control 
valve: TTANK = 200°F (Reverse Action) 

INLET SET 

• Initially provide signal to open valve for 
at least 10 minutes with minimum flow 
setting 

• Allow this mode to self deactivate if flow 
required is less than the lowest discrete 
flow setting, i.e,, if control valve shuts, 
deactivate mode. 

t Light "FIELD OVERHEAT PROTECT", log on 
iogger 
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TABLE 8. continued · 

Condition 

Daily timer identifies nighttime 

Temperature of any concentrator outlet 
(as measured by thermal switch located on 
concentrator) exceeds 2l5°F 

Flow control valve should be open 

AND 

No flow is measured flowing into tank 

Solar supply canning line valve ii signalled 
to be open 

AND 

No canning line flow exists 

Additional Manual Controls 

Action 

Concentrator turns to face downward 

EXCESSIVE OVERHEAT 
\ 

• Concentrators steered away from sun 

e Light "EXCESSIVE FIELD OVERHEAD" red, 
record on logger · 

NO FIELD FLOW TO TANK 

L1 ght "NO FIELD FLOW TO TANK" .red, 
record on logger 

FAILURE IN CANNING LINE SUPPLY 

e Light "FAILURE IN CANNING LINE SUPPLY" red, 
·record on logger 

• Switch to. boiler supply 

• Shut steam supply solenoid valve 

• Turn off pump 

• Disable solar supply until reset button 
pushed 

• Activate/deactivate tracking, divert concentrators from sun 

• Select any flow with control valve (we can do this with a hand valve if control valve 

override is too difficult or costly) 

• Open/close steam solenoid 

• Bypass field with flow 

• Open/close drain valve 
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TABLE 8. Concluded 

Alarm and Information lights, Records 

t For all active modes .identified: Green or yellow lights· 

HEATING MALFUNCTION 

TANK EMPTY 

EXCESSIVE FIELD OVERHEAT 

FAILURE IN CANNING LINE SUPPLY 

Red light, and record on paper printer 
along with time started.and stopped 

.. NO FIELD FLOW TO TANK 
' . :~ .. 

DRAIN FAILURE 
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TABLE 9. COLLECtOR FIELD SENSORS 

Location Variable Sensor 

Field Ambient air temperature Weather-measure T621 
Field W1nd Direction Weather~measure Skyvane I 
Field Wind Velocity We~thP,r~mea&ure Skyvun~ I 
~ield Total Radiation EPPLEY PSP pyranometer 
Field Diffuse Radiation EPPLEY SBS pyranometer 
Manifold Water temperature Resistance thermometer 

{RDF 21BlOA4B) 
Plate Surface Surface temperature Resistance thermometer 

{Mical RTX-4568-D2-F72) 

TABLE 10. TANK SENSORS 

Location Variable :)ens.or 

Field outlet manifold Temper~t1•re Resistance tht!nnometer 
Field outlet manifold Water flow Ba r·ton 500 flowmeter 
F1eld outlet manifold Water flow FLOTEC V4 flow switch 
Tank Top Temperature Resistance thermometer 
Tank bottom ' Temperature Resistance thermometer 
Tank bottom Water level {2) Delonal 24579 lP.vel switch 
Tank top Water level { 1 ) Delonal 24579 level switch 
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TABLE 11. CAN WASHER SENSORS 

Location I Variable Sensor 
---· -· ·- -· . ~= r=-~'- ·--- --· -- =·.=o:,z.-~ 

Line "U·u Water temperature Resistance thermometer 
' 

Line "U" Water flowrate Barton 306 FLOTRAC ' .. 

Line "V" Water temperature Resistance thermometer 
Line "V" ·· .. ·Water flowrate Barton 306 FLOTRAC 

.. . . 

Heat Exchanger . Water temperature in Resistance thermometer 
Heat Exchanger Water temperature out Resistance thermometer 
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3.5.4 Data Logger-Printer 

The system will be equipped with a 40 channel Autodata Nine data logger for local data loggfng 

and display purposes. The Autodata Nine is a microprocessor based system which periodically samples, 

converts, and logs data in response to preset time commands pr external eve.nts. For diagnostic pur

poses the system is equipped with an optional alarm system which will print one complete data scan 

whenever any analog value exceeds high or low alarm limits. Thus, a complete onsite record is im

mediately available to the inspection or service personnel during operation .. This capability of 

immediate data display will be used extensively during the setup and adjustment phases. Local data 

will be printed on a Decwriter II 30 CPS terminal. Data will also be recorded on a 9 track magnetic. 

tape for analysis at Aerotherm's facilities. 

3.5.5 Data Display System 

There are three methods of displaying data available to the system operator .. ln. each junction. 

box (collector field, tank, can line) there is a selector switch and a plug jack for a,portable meter. 

By plugging in a hand held meter, service personnel can read any temperature, flowrate, etc., which 
-

is measured in that portion of the system. This will be very useful in b.alancing the collector field. 

or performing maintenance. 

At the control console, the operator has five pariel meters which cari. display selected 

variables. Four of the meters continuously display field outlet flow and temperature and canning 

11ne flow and temperature. The fifth meter may be switched to any variable in the system. 

The third data display is available via the data logger and printer combination. By manipu-· 

lation of the front.panel controls (which may be locked out) the data logger.can ptint out the 

current values of all data channels. 

3.5.6 Data Interface to ERDA System 

To facilitate the interface to the ERDA supplied data acquisition syste~, various sensors 

(temperature and flow) are available as 0 to 1 VDC signals at a terminal strip at the back of the 

control cabinet. The signals will be single ended with a common signal and· chassis ground. 

The signals available at the terminal strip are detailed in Table 12. 

3.6 INSTALLATION DETAILS 

The solar heated hot water system was designed for simple installation using methods and 

materials currently used in construction, chemical processing, and solar heating industries. Required 

modifications to the existing Campbell Soup facility will be kept to a minimum and there will be no 
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TABLE 12. SENSORS TO ERDA DATA SYSTEM 

location Variable Sensor 

Field Ambient temperature Weather-measure T621 
·Field Wind direction Weather-measure Skyvane I 

Field· Wind speed Weather-measure Skyvane I 

Field Total radiation EPPLEY PSP pyranometer 
Field Diffuse radiation EPPLEY SBS pyranometer 
Field inlet Water temperature Resistance thermometer 
Field outlet Water flowrate Barton 500 FLOTRAC 
Field outlet Water temperature· Resistance thermometer 
Heat exchanger inlet water temperature Resistance thermometer 
Heat exchanger outlet Water temperature Resistance thermometer 
Can 1 i ne uuu inlet Water flowrate Barton 306 FLOTRAC 
Can 1 i ne ~~u~~ inlet Water temperature Resistance thermometer 
Can line II VII inlet Water flowrate Barton 306 FLOTRAC 
Can 1 i ne II VII i·nl et Water temperature Resistance thermometer 
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interference with their production schedule. (For the most part, the installation of the system will be 

done by a genera) contractor per the specifications shown in Appendix A-1 under the guidance of Acurex.) 

3.6.1 Solar Collector Field 

3.6.1.1 Concentrating Collectors 

The tracking concentrating collectors will be mounted on the roof of Building W8 in three 

rows, each row consisting of two arrays. Each array will consist of 8 each 3.05 meter (10 feet) long 

interconnected sections of parabolic reflectors with a support at each end of the row and between 

each section. The field layout and electr.ical schematic are shown on Drawings 7234-030, sheet 2 and 

7234-031 ~ sheet 2. 

The first row of concentrating collectors will be installed parallel to the south wall of the 

building, as shown in Drawing 7234-030, sheet 2 .. The collectors will be supported on a triangular 

base as shown in Drawing 7234-030, sheet 3. One leg of the triangular structure will be mounted 

to the parapet wall and.the other leg will be mounted on the wood roof above the P4 I beam. All the 

support footings (tees) except forth~ first one (west wall) will be mounted on "the roof and south 

parapet wa 11. The first supports will be mounted to the west parapet wa 11. After all the tees are 

in place. the three legs of the triangle will be clamped in place to the tee and the <;oncentrator yoke. 

After the supports are lined up. and leveled, the supports will be welded together as shown on the 

drawing. Rows 2 and 3 will be located as shown on Drawing 7234-030, sheet 2. 

The procedure for building up the supports w1ll be the same the second two rows. 

Rows 2 and 3 are shown on Drawings 7234-030, sheet 4 and sheet 5. A 11 the nuts and bolts. for 
• 

the tees on the roof will be .inserted from below the roof and the retaining nuts put on from the roof 

side. This will allow adjustment of the structure during installation .of the concentrators. The 

threaded· end of the bo 1 t will have a wrenching surface so it can be. held while the bo 1 t is being 

loosened. or tightened. 

After the structures are all in place, the c·oncentrating collector will be assembled into the 

supports as shown on the draw1ng. During the assembly operation, adjustment of the position of the 

supports can be accomplished as required by loosening the nuts in the retaining bolt. After the 

collectors have been installed, all the nuts·will be, checked to make sure they are tight. 

The motor and worm gear drive will be installed as shown in each array. After the motor is 

. installed the rotation of .the concentrator will be checked. Then the pitch pockets per the detail 

shown on Drawing 7234-030, sheet 3 will be completed. The metal flashing for the pitch pocket will 

normally be installed before the support legs are clamped to the tees. 

150 70 



3.6.1.2 Flat Plate Collectors 

. The flat plate collectors will be mounted on the first two rows of monitors (Reference South 

Wall) starting from the west wall. Fifty-eight flat plate collectors 0.91 meters {3 feet) wide by 

5.03 meters (16.5 feet) long will be installed in the first row and 58 flat plate collectors 

0.91 Meters (3 feet) wide x 3.2 meters (10.5 feet) long will be installed in the second row. The 

layout of the collector is shown on Drawing 7234-030, sheet 2. 

In order to accomodate the flat plate collectors, a supporting structure wil) be constructed 

from the parapet wall to the first monitor on both· sides of each row and between the monitors. In 

the first row the supporting structure will be constructed as follows. 

1 Mount the support columns on the east and west parapet walls 

1 Install 5 each 6.1 meter (20 feet) length 8 x 4 x .25 inch thick rectangular structural 

steel tubing as shown on Drawing 7234-048, sh~et 3, detail E 

1 Install 5 each 6.1 meter (20 feet) lengths of 10 LB 15 I beam as shown in View B-B 

of the same drawing 

• Install the 12 LB 16.5 support I beam on the top of ST4 WF 13.5 tee under the roof on 

both sides of each monitor (8 places) as shown 

• Install the metal bearing plates on the monitor and bolt them into the. support beam as 

shown. After the plates are installed, install flashing to prevent water leakage through 

the roof 

1 After the bearing plates are in place install the 4WR13 beam the entire width of the roof, 

from the east to the west parapet wall, and secure it at both sides and three places 

on each monitor. The. I beam will be installed in even lengths and each length w·ill be 

tied together with a bolted steel plate 

• Install the 4C 5.4 channel the entire length of the roof. Attach the channel to the 

bearing plates and ·the 10 LB 15 beam as shown 

The support structure for the second row of collectors will be the same as above, except that the 

lower structure will not be used and the 4 WF 13 beam will be used in place of the 4C 5.4 channe·l 

above the 10 LB 15 beam as shown on Drawing 7234-048, sheet 3 . 

. After the support structure is in place the flat plate collectors will be installed. In the 

.first row the 5.03 meter (16.5 foot) long collectors will be installed as shown on Drawing 7234-048, 

sheet 1. On the lower end of the monitor each collector will be held in place with a 1 l/2 x 
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1 l/2 x l/8 angles as shown in' View C-C. At .the top the collectors will be held down and at the 

same time bolted together, using steel straps as shown fn View A-A. After the collectors are in· 
;; 

place the space between the monitors will be closed off on both s.ides using galvanized corrugated 

siding that matches that presently used to close off the sides of the monitpr. The new siding is 

attached as shown on Drawing 7234-048. Galvanize~ flashing will be installed over the high en~ of 

the collector as shown. 

· Installation of the second row of collectors is the same as the first row except the space 

between the monitors will not be closed off. The installation is shown on Drawing 7234-048., sheet 4. 

3.6. 1.3 Field Equipment and Piping 

The field equioment ancl pipii'!!J layout Drawing nJ4•Q30, ~ht:t:t 7 !\hnw~ component loc;;~tion3, 

valves, fitting~, pipe runs, and pipe sizes. The plumbing ~ill be done .in accordance· with the spec-

ification outlined in Appendix A-1. The electrical wiring is shown on Drawing 7234-03l, sheet 2. . ·.. . . . . . . 

The environmental instrumentation consisting of wind gauge, pyranometers, and ambient temperature 

guage will be mounted on a 10 foot high tower as shown on Drawing 7234-031, sheet 2. All e'lectrica·l 

work will be done in accordance with Appendix A-1. 

3.6.2 Storage 

The accumulator tank and pump will be installed on a reinforced concrete pad in the patio area 

between Building 2 and Building 4 as shown on Drawing 7234-029. The hot water pipinq will be rm•tetl 

' up the·wall of Building 4, through the top of the window on the second floor, up to the ceiling, 

through the heat exchanger, then to canning 1 i nes U and V. Draw1 ng 7234•030, sheet 1 sllOws the 

actual pipe routiny wtlh all Nalv~s and fittings. 

3.6.3 ~-~ Washing Interface 

The heat exchanger will be installed on the ceiling of Building 4'on an existing structure as 

shown on Drawing 7234-026. The insta 11 ati on details including brackets, fittings, va 1 ves and controls 

are shown on Drawing 7234-028. The installation detail3 for the solar hot water system to can lines 

U and V are shown on Drawing 7234-030, sheet 1. 

3.6.4 Control Sy~twm Installation 

Since the control system is divided into a number ·of modular sections, it can be completely 

prefabricated and checked out at Aerotherm before shipment. 
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Field installation will consist of connecting ·the sensors to cables installe'd by the electrical 

contractor and connecting these cables to labeled terminal strips . 

. All wiring between the three junction boxes and the control console is on a terminal block to 

terminal block basis." Wires will be installed in the conduit by the electrical contractor. Table 

13 shows a typical wiring list for the arialog signal cables from the field junction box to the control 

console. 

3.7 SYSTEM PERFORMANCE. 

3.7.1 System Performance Calculations 

Methods for predicting the flat plate collector and the trackable concentrator performance 

have been described by Liu and Jordan (Reference 1) and Duffie and Beckman (Reference 2). In this 

section, the salient points necessary to predict the ·collector system performance are briefly dis

cussed.· It is important to know the hourly amount of the direct and diffuse solar radiation 

throughou~ the year·since for a ·concentrating collector only the direct component is used and for a 

flat plate collector, the amount of incident beam radiation is a function of the angle between the 

collector normal and the sun line and (to a first approximation) the diffuse component is not. This 

relationship for a flat plate collector is given as Equation 1: 

@ 

where 

qi total jncident energy rate per unit area 

q8 diffuse component to a horizontal surface 

eT =angle betwP.P.n r.oll~ctor normal and 11ne to the ~un 

e = angle between normal to a horizontal surface and line to the sun z 

Similarly, for a concentrator, the incident solar radiation can be written as: 

qi ,cone = qBRconc 

Rc.onc cos 6;fcos ez 

where 

·ai angle of incidence of beam radiation on the concentrator 
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TABLE 13.· TYPICAL WIRING LIST 

Ter~inal Block 101' Location Field Junction Box 

Tenn Field Wire Signal Level To Term I. D. Size Term Block. 
'=.-·- ·-·=- .~-:·~-~~= -~.=.-:.~..:== =·~ ~~=.~~·· .: ~-·· •. ,,~"·=·~, -..s-~.-:. .. :=··~-=--= :.: :.. :.:..·..:. ~..; :.::,6.0''-!~...:;'~=-·- :..c .. :. .. ~:,:::.4,:. 

-1 #22 Wind Direction l VDC TB 401 -1 
-Z #ZZ Wind Velocity 1 VDC TB 401 ·2 

\ 

-3 #22 Total Radiation 1 VDC TB 401 -3 

-4 #22 Diffuse Radiation· 1 VDC TB 401 -4 
-5 #22 Ambient Temp. 1 VDC TB 401 -5 

-6 #22 Water Inlet Temp. 1 VDC TB 401 -6 

-7 #22 Field Outlet Temp. 1 VDC TB 401 -7 
-8 #22 Collector Temp. 1 VDC TB 401 -8 

-9 #22 Collector Temp. 1 VDC TB 401 -9 
-10 #22 Collector Temp. 1 VDC TB 401 -10 

-ll #22 Collector Temp. 1 VDC TB 401 -ll 
-12 #22 Collector Temp. 1 VDC TB 401 -12 

-13 #22 Collector Temp. 1 VDC TB 401 -13 
-14 #22 Collector Temp. 1 VDC TB 401 -14 

-15 #22 Collector Temp. 1 VDC TB 401 -15 
-16 #22 Collector Temp. 1 VDC TB 401 -16 
-17 #22 Collector Temp. 1 VDC TB 401 -17 

·18 /122 Collt!ctol· Temp. 1 VDC TB 401 '18 
-19 #22 Collector. Temp. 1 VDC TB 401 -19 

-20 #22 Co 11 ector Temp. 1 VDC TB 401 -20 
-21 #22 Collector Temp. 1 VDC TB 401 -21 
-22 #22 Spare 1 VDC ' TB 401 -22 

-23 #22 Spare 1 VDC TB 401 -23 

-24 #16 Signal Convnon Ground TB 401 -24 
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For a concentrator rotating about a horizontal east-west axis with continuous adjustment, from. 

Reference 2: 

where 

o is the declination and W is the solar low angle 

(4) 

The sola·r insolation quantities q6 and qd are referred to a horizontal surface since most in

solation data are taken with instruments whose normal is vertical. Data on q6 and qd on an hourly 

. basis is needed "since· q6 and qd vary strongly during the· day and collector efficiency is a function 

of the magnitude of qi. Hence to arrive at a correct daily efficiency, a daily average must be formed 

using estimates or data for q6 and qd on an hourly basis .. 

Only a few locations in the United States make hourly direct and diffuse solar insolation 

measurements. For the three locations considered in this report, only daily average solar radiation 

data are available. ·For estimating the hourly radiation from the available daily' radiation data, 

.the .correlation developed by Liu and Jordan is utilitzed. The ratio of hourly to daily total radia

tion ·is denoted by rt and the ratio of hourly to daily diffuse radiation is called as rd. Valt!es of 

rt and rd are generated, by Liu. and Jordan, as a_function of sunset hour angle Ws. Figure 19 shows 

the relationship between the daily radiation and hourly radiation on a horizontal surface. 

In general, for either a flat plate or a concentra.ting collector, the useful energy collected 

can be cast into: 

(5) 

where 

qu useful energy rate absorbed per unit area 

qi incident energy rate 

F collector heat removal efficiency factor 

p specular reflectivity 

y intercept factor 

r,;· transmittance 

« = solar absorptance 

· UL .. overall 1 oss coer rh: itml 

c concentration ratio 
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C = l for flat plate collector 

T average fluid temperature 

TA = ambient temperature 

In terms of efficiency, Equation (5) can be rewritten as: 

where 

3.7.2 Specific.System Performance Computation 

UL 
F(pyr;o: - C F) (6) 

(7) 

Equations (l) ·through (7) are used in generating the hourly useful heat rates. Three repre-

sentative locations are selected. The three .locations are Sacramento, California; Omaha, Nebraska; 

and Albuquerque, New Mexico. Calculations are performed for six representative d.ays. 

The Solargenic"s flat plate collector· has been selected for. the design. For the par:ticular 

flat plate collector design with an unselective, single glazed surface, the efficiency relation is: 

"f·p = 0.7719- 1.4325 F (8) 
·( 

(This efficiency relationship is lower than what has been guaranteed by the manufacturer. ·However, 

since data only exist for the Solargenics collector with a selective coatin~ Aer~tflerm estimated 

the performance equation stated above. The quo·ated Solargenics curve is about 6 to 10 percent 

higher than the estimated curve. In order to be on the safe side, the lower of the two curves is 

being used here. · Solargenics. is in the process of testing their nonselective flat plate collection . . 

at Desert Sunshine and these data will be available before the collector is purchased.) 

ihe con;entrat1 ng collector· selected is the Acurex/Aer~therm design·. · The m~asured efficiency 

relation for the c~nc.entrating collector is: 

"cone = 0.6j5 - 0.1125 F (9) 

In the preliminary design optimization, it was determined that the annual total incident 

energy is maximized when a su.rface is tilted. at 10° less than.the local latitude. Also, for the hot 

water yearly demand, an east-west trac.king concentrator provides. the most ~niform energy supply. 
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Thus, for the proposed solar hot water system, the flat plate will be tilted at 10° less than the 

local latitude, and the axis of the·concentrators will be oriented east-west. 

Th~ steps involved in computing hourly useful rates are as follows. 

For the particular location of interest, latitude, L, and for the particular day of interest 

decliniation 6 are known. Then: 

t Sunset hour angle is calculated from 

t Usin$l W
5

, values of rL ·and rd ;~re obtained from Figure l1 as a function of huur· dnyle 

from solar noon W, to estimate the hourly radiation from avet·age daily radiation. Table 

14 presents the average da'Oy solar insolation values that are used in the calculation. 

Note that these values are the total and diffuse radiation on a horizontal surface. From 

the values.of rt and rd, hourly values of insolation are estimated. 

• Using hour angle from solar noon W, latitude L, declination 6, and tilt angle s. inci

dence angles on horizontal surface ez , and incidence angle on tilted surface et are cal

culated: 

• Using Equations (1) and (2), hourly values of qf•p and qconc are obtained. 

• Using different assumed values of temperature.difference ~T. quantity F and hence the 

efficiency n for the flat plate and the concentrator are obtained with the aid of 

Equations (8) and (9). 

• Using the calculated values of efficiency n. the hourly U$Cfu1 heat rates, qu arc ob·· 

tained. 

• For each selected day, the summation of these hourly useful heat rates, gives the daily 

. useful ·heat rates, qu, as a function of (i- TA). 

• For the known collector field size and inlet fluid temperature, the daily usefuJ heat 

rates are obtained. 

Table l!l presents the diily u!:cful energy obtainable fr·um the flat pl3tO and concentt•ath•y 

collector fields at the three locations of interest. 
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TABLE 14. AVERAGE DAILY TOTAL AND DIFFUSE RADIATION DATA 
(q in MJ/m2 day). 

Location 

Sacramento, CAa Omaha, NEb Albuquerque, NMb. 
{Latitude = 38.~ 0 ) . Day (Latitude = 40°) (Latitude = 35°) 

' - - - - - -
qtotal qdiff qtotal · qdiff qtotal qdiff 

Feb 21 "10.73 4.12 11.3 5.5 . 15.1 3.3 

Apr 21 22.24 6.20 18.2 9.0 22.5 6.2 

Jun 21 29.73 6.36 23.3 9.3 26.1 4.3 

Aug 21 25.97 3. 71 19.9 8.1 22.8 6.8 

Oct 21 14.63 4.26 13.3. 5.2 16.3 4.6 . -

Dec 21 6.25 2.76 7.3 2.7 1 L 1 0.9 

aData obtained from Liu and Jordan (Reference 1). Values reported 
for Davis, California are used. : 

bData obtained. from 11Solar Radiation Availability to Various 
Collector Geometries: A Preliminary Study, .. SAND 76-009, 
February 1976. Author- Dr. Eldon Boes of Sandia Albuquerque 
Laboratories 



Day 

Feb Zl 

AprZI 

Jun 21 

Aug 21 ' 

Oct 21 

Dec 21 

Annu.al Average Daily 

Average Total Yearly 
(Average Daiily x 365] 

TABLE l5. SYSTEM USEFUL ENERGY . 
Effecthe Flat Plate Collector Field = 4134 tt 2 084.1 m2 ) 

Concentrator Field = 2880 tt 2 {267 .6 m2 ) 

location 

Sacrament·:> Omaha Albuquerque 

qu qu qu 

MBtu/Day ~/Day MBtu/Day · MJiDa)o MBtu/Day MJ/Day 

3.57 3765 2.63 2773 5.59 5895 

6.57 6928 4.54 4787 6.44 6791 

9.17 9670 6.49 6844 8.55 9016 

8.79 9269 6.29 6633 7.63 8046 . 
-

~.29 . 6633 4.86 5125 6.93 7308 

2.59 2731 3.20 3374. 5.83 6148 

6.16 6496 4.67 492S. 6.83 7201 

2.25 X 109 Btu 2.37 X 106 MJ 1.70 X 109 Btu 1. 79 X 10' MJ 2.49 X 109 Btu 2.63 X 106 Mj 
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1.1 GENERAL 

REQUEST FOR PROPOSAL REQUIREMENTS EXHIBIT B· 

SECTION 1 

GENERAL CONDITIONS &·SCOPE OF WORK 

The spec'ifications, together with the accompanying drawings, are intended ·to cover all the 

work (except such work as will be done by Ac~rex) to be done in connection wjth the construction 

of a Solar Hot Water Collection System at Campbell Soup Company, Sacramento, California 

The entire work'when finished is to be delivered to Acurex in perfect condition to the satis

faction of the Senior Project Engineer (SPE). 

The term "SPE" refers to Mr. _ __;:J..:;o.:...rg.e:.:.n:_....:.V..:.;i n;.:.;d::;;:u:;.:;mc._ __ , of Acurex , 1 ocated at __ 4..:.;8::..;:5'----

Clyde Avenue, Mountain·View, California. 

The term "Approved Equa 1" means approved by Acu rex. 

The term "Contractor" refers to the general contractor, or firm, or individual to whom the 

work has been awarded under the terms of the accompanying contract. 

The law of the place of building .shall gove.rn the construction of this contract. 

The Contract is formed by t~e following documents: The Contract Proposal, the General Condi

.tions, the Drawings and the Specifications, including all modifications thereof incorporated in the 

documents before their exec;:u.tion. 

The Lenn "Work" in the contract 1ntludes labor or materials, or both. 

All time limits stated in the Contract Documents are of the essence of the Contract. · 

The work items listed on .. the following pages _and/or shown on the Drawings, including all work 

incidental thereto, shall be performed in accordance with the Drawings and the Contract for this 

work, of which the· General Conditions afuJ Lh!!SI:! Specifications form a part thereof. 

· The work to be performed under these Specifications will be interdependent with work of the 

other contractors. The Contractor will, therefore, properly conduct, cooperate and coordinate his 

work with theirs. Where any part of the Contractor's work depends, for proper execution or.results, 

upon the work of another contractor, the Contractor shall inspect and promptly report to the SPE any 
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defects in such work that renders it u~suitable for such proper execution and results. His failure 

to inspect and report shall constitute an acc'eptance of the other contractor's work as fit and proper 

for the reception of his work, except as.to defects which may develop in other contractors' work 

after the execution of his work. 

A predetermined schedule will be worked out for the modification of existing facilities. 

Contractor shall adhere to schedule and perform such work as necessary to con.struct footings and 

foundations for others to install structures thereon as here.inafter specified. 

1.2 SCOPE OF WORK 

The work items listed on the following pa9es and/or ~hown on the drawinvs, including t~ll work 

incidental thereto, shall be performed in accordance with the drawings and the contract for t~is work, 

·of which the general conditions and these specifications form a part thereof. 

The wording "install" or "construct" where used above or hereafter in these specifications. 

is all inclusive and is to mean furnishing labor, equipment, mate.rials, etc., for a complete and 

finished job -except for equipment as specifically stated in these specifications and related draw

ings as being furnished by Acurex, however, Contractor will install the equipment being furnished 

by Acurex. 

Contractor shall remove, modify, install erect and do all necessary work to complete all 

work called for on the drawings and/or these specifications. 

L 3 CORRELATION AND INT~NT OF DOCUMENTS 

The Contract Documents are complementary and what fs called for. by any one shi!ll be as if 

called for by all. 

The intention of the documents is to. include all labor and materials·, equiplllt'nt and transpor

tation necessary .for the proper execution of the work. 

The Contractor shall carefully study· all drawings, specifications and other· instructions and 

shall report to the SPE any error, inconsistency or omission. 

1.~ DRAWING~~ SPECIFICATIONS 

·Where variations from standard drawings of Acurex are indicated by special drawings, these 

shall be used jointly in· the performance of the work as shown assembled in the General Arrangement 

Plan. 
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·The SPE. sha11 furnish~ with reasonable promptness, necessary additional instructions, draw

ings, etc. All ~uch drawings and.instructions shall be consistent with the contract drawings and 

specifications and true developments .thereof, and reasonably inferable therefrom. The· work ·shall 
), . . . 

be executed in· conformity therewith and the Contractor shall do no work without proper drawings or 

instructions. 

After Acu rex 1 s. acceptance o.f. the Contractor 1 s bid, the Contractor will be he 1 d to the per.; 

formance of the work as interpreted by Acurex where any conflict between the drawings and'spec1fi

cat1ons exists. 

The Contractor shall keep one copy of all drawings and specifications on the work, in good 

order, ava·ilable to the SPE: 

All drawings and specifications furnished by Acurel(· are his p.roperty and are not to be used 

on other.work, and are to be·returned upon the completion of the work. 

1.5 SHOP DRAWINGS 

The .contractor shall submit with such promptness as to cause ·no delay in the work all neces

sary copies of shop or setting drawings, and the SPE shall pass on them with reasonable promptness·. 

Acurex's approval of such drawings does not relieve the Contractor from responsibility for deviations 

from drawings or specifications or for errors of any sort. · 

1.6· MATERIALS, APPLIANCES, ETC. 

Unless.otherwise specified, all materials shall be new.· and ofgood quality. 

The Contractor shall provi·de and pay for a 11 materials·,· .1 abor, water, tools equipment, 11 ght, 

power, transportation, concrete forms and other appliances necessary for the full performance of the 

work herein specified, except as ~ny be otherwise speci fica l.ly noted, and it is ·understood that 

Acurex may consider the submission of a bid hereon as assurance that the Contractor has·ifetermined, 

after careful investigation, that everything h·e· is to provide will.be readily available to him as 

when needed in the performan~e of the work. 

1.7 EMPLOYEES 

The Contractor shall not employ on the work any unfit person or anyone.not skilled in the work 
' . . . 

assigned to him to perform. 

The Contractor shall keep a competent foreman on this work during its entire progress. 
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i .8 SURVEY LINES & LEVELS 

The General Arrangement Plan shall govern the staking out of the work. The Contractor shall 

establish all construction lines and grades in accordance with the information as shown on the 

Drawings or as instructed by the SPE in fieu of such information. 

1.9 PERMITS, ORDINANCES, ETC. 

The Contractor shall obtain all necessary building permits, temporary licenses, certificates 

of final tests, including certificates of ocGupancy where such certificates are prescribed by local 

or state ordinances, rules or regulations. ·He shall also secure all penni~s and make all necessary. 

arrarlgemeuts wfth city and public utility concerns for the removal or relocation of poles, trees, 

traffic signals, hydrants, catch basins and all other'obstructipns required by the new construction. 

He sha 11 pay a 11 1 awful fees for such penni ts, certi f1cates, etc. , the cost of all such fees being 

included in the cost of the work. 

He shall be responsible for failure to secure all permits and shall be responsible for any 

violations of Federal, State, local or other laws, ordinances and fire insurance regulations. If 

the drawings and specifications are at variance therewith, he shall notify the SPE in writing of 

any differences so that necessary changes may be made before the work is installed. 

Copies of all permits shall be furnished Acurex before any work is started. 

1.10 . SUPERVISION. 

The SPE or his representative shall at all times have access to and power of in:;pcction over 

the work, to accept materials and workmanship in his judgment satisfactory, or reject work and mate-. 

rial not in accordance with the drawings and specifications. The Contractor shall provide proper 

facilities for such access and for inspection. 

All directions given to the foreman shall be as binding a!i if given to the Contractm·. Impor

tant d1r~ct1ons shall be confirmed in writing to.the Contractor. 

l. 11 INSPECTJON AND TESTS 

If the.spec1fications, the SPE's in!>truct.ions 1 laws, Qr:dinancc:; or ;my puhlir.euthority rlil'" 

quire any work to be specially inspected,· tested or approved, the Contractor shall give the SPE 

timely·notice of its readiness for··inspection, and if the inspection is ·by ·an ·authority other than 

the SPE, of the data fixed for such inspection. 

He shall also arrange for all the necessary inspections of the work by all the interested 

departments or authorities and shall pay for all lawful fees for same. 
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If any such work shall be covered up without" the consent of the SPE or interested public. 

authority it must, if required by the SPE or interested authority, be uncovered for inspection at 

the Contractor's expense. 

Copies of all certificates of inspection shall be furnished to Acurex at the completion of 

the work. 

1.12 PROTECTION OF THE PUBLIC AND OF THE PROPERTY, RISKS, LIABILITIES, ETC. 

The Contractor shall erect and maintain during the construction such temporary guard rails 

and other safety appliance.s as the laws or construction conditions require -all shall be securely 

constructed and meet with the requirements of the SPE. 

The contractor shall continuously maintain adequate protection of all his work from damage 

and shall protect Acurex's property from injury arising in connection with this work. 

He shall perform all work required to protect adjoining properties, streets, alleys, side-

walks, curbs, trees, shrubs, lawns, etc. 

He shall provide and place all shoring and bracing needed to protect all work against settle-
. ' 

ment and shoreup all adjoining buildings as requried. All shoring to be left in place until need 

for same has passed. 

The Contractor is to assume full responsibility for accidents to persons or damage to property, 

due to·negligence by himself, his subordinates or sub-contractors; for encroachment on adjacent· 

property; for loss by theft during the-prosecution of the work and for authorized use of patented 

articles or.processes. 

He shall assume and agree to indemnity Acurex against all such losses. 

1.13 CHANGES IN THE WORK 

Acurex, without invalidating the contract, may order extra work, or make changes, by adding 

or deducting from the work, the contract sum being adjusted accordingly. All such work shall be 

executed under the conditions of tbe·,original contract, except that any claim for extension of time 

· caused thereby shall be adjusted at the time of ordering such change. 

No additions to or omission of work of any nature whatever shall be performed by the Contrac

·tur without written notice from the SPE. 

· Should additional work be necessary. beyond that included in the contract or certain work 

omitted therefrom then the Contractor shall immediately submit a written bid in triplicate for the 

extra work or a credit for the work omitted and must not proceed without the written acceptance of the SPE. 
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1.14 DELAY 

Neither Acurex nor Contractor shall be liable in damages or .otherwise when the perf<innance 

of its obligations hereunder is delayed by fire,. stonn, flood, war; rebellion, insurrection, riot'; 

strike, failure of carriers to transport or furnish facilities for transportation •. or for delay in 

delivery of materials to be furnished hereunder, when.the supply of such materials or the facilities 

of production, manufacture, transportation, or distribution of·them which otherwise would be available 

to the party in default are impaired by the order, requisition or necessity of any government or 

governmenta 1 authority, or when such de 1 ay is due to any cause whatsoever beyond the control of the 

party in default, whether similar to o'r dissimilar from t.hf;' t;auses her& ·enumerated. In the event 

of such delay in perfonnance or d~livery, the time in which to complete such perfonnance or make 

such delivery shall be extended for the period of 60 days after the cause of such delay has 

ceased to exist. 

1.15 CORRECTION OF.WORK BEFORE FINAL PAYMENT 

The Contractor shall promptly remove from the premises all materials condemned by the SPE 'or 

public authority as fail1ng to confonn to the contract, whether incorporated in the work or not, 

and the Contractor shall promptly replace and re-execute his own work in accordance with the contract 

and without expense to Acurex and shall bear the expense of making good all work of other contractors 

destroyed or damaged by such removal or replacement. 

1.16 FAULTY MATERIALS OR WORKMANSHIP 

Neither the final certificate nor payment nor any provisions in the Contract Docume.nts shall 

relieve the Contractor of responsibility for faulty materials or workmanship, and, unless otherwise 

specified, he shall remedy any defects due thereto and pay for any damage to other work resulting 

therefrom, which shall appear within a period of 1 year from the date of completion. Acure1< shall 

give notice of observed defects with r,ac;ona.b 1 e promptnesc. 

1.17 ACUREX'S RIGHT TO DO WORK 

If the Contractor should neglect to prosecute the work properly or fail to perfonn any pro

vfs1on ot this contract, Acurex, after 3 days written notice to the Contractor, may, without pre

judice to any other remedy he may have, make good such deficiencies and may deduct the cost thereof 

from the payment then or thereafter due the Contractor. 
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1.18 ACUREX'S RIGHT TO TERMINATE CONTRACT 

If the Contractor should be adjudged a bankrupt, or if he should make a general assignment 

for the benefit of his creditors, or if a receiver should be appointed.on account of his insolvency, 

or if ~e should persistently or repeatedly refuse or fail to supply enough properly skilled workmen 

or,proper materials, or if he should fail to make prompt payment to sub-contractors or for material 

or labor, or persistently disregard laws, ordinances or the instructions of the SPE, or otherwise 

be guilty of a. substantial violation of any provision of the contract, then Acurex may, without 

preju'dice to any other right.or remedy and after giving the Contractor· 7 days written notice, ter

minate the employment of.·the Contractor and take posses·sion of the premises and. of all materials, 

tools and appliances· thereon and finish the work by whatever method he may deem expedient. In such 

cases the Contractor shall not be entitled to receive any further payments until the work is finished. 

If the unpaid balance of the Contract price shall exceed the expenses of finishing the work, such. 

excess shall be paid to the Contractor. If such expense shall exceed such unpaid balance, the Con

tractor shall pay the difference to Acurex. The expense incurred by Acurex as herein provided, and 

the damage incurred through the Contractor's default', shall be certified by the SPE.· 

1.19 APPLICATIONS ~OR PAYMENTS 

The Contractor shall submit to the SPE ·an application for each payment and, if. required, 

. receipts or other vouchers showing his payments for materials and labor, including payments to sub

contractors. 

If payments are made on valuation of work done, such application 'shall 'be submitted at least 

10 days before each payment falls due, and, if required, the Contractor shall, before the first 

application •. submit to the SPE a schedule of values of the various parts of the work, including 

quantities, aggregating the total sum of the contract, divided so as· to facilitate payments to sub-· 

contractor5, made out in such form and, if required, supported by such evidence as to its correctness 

as the SPE .may direct. This schedule, when approved by the SPE, shall be used as a .basis for certi

ficates of payment, unless it be found to be in error. . In applying for payments, the Contractor 

shall submit a statement 'based upon this schedule and,· if required, itemized in such form and sup

ported by such evidence as the SPE may direct,. showing his right to the PaYment claimP.cf . 

. If payments are made on account of materials delivered and suitably stored at the site but· 

not incorporated in the work, they shall, if required by the SPE, be conditional upon submission 

·by the Contractor of bills of sale or such other procedure as will establish Acurex's title to such 

rnateri a l. 
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1. 20 PAYMENTS 

The payments for work.done under the contract effected by acceptance of this bid by Acurex 

shall be made in· the following manner: 

a. On the first day of each month Acurex shall pay to the Contractor a sum equivalent to_ 

80 per centum of the value of the work completed by the Contractor and of materials 

suitably stored at the site. since the dale of the last prio~ payment. At no. time. how

ever shall the tot a 1 payments exceed 80 per centum of the entire value of the work com

pleted in place. The above mentioned value of the work.so completed shall be-based on 

-an estimate s'urvey made bY the SPE or covered by a statement· rendered to the SPE by. ~he 

Contractor, and checked and approved b.v tho liPE. 

b. Fina'l payment of all sums then due the Contractor shall be made by Acurex within 30 days 

after: 

1. The completed work has been accepted by the SPE. the contract fully performed. and· 

2. The Cont'ractor has furnished satisfactory proof that he has. paid all outstanding 

bills incurred by him .for materials furnished or services performed. 

1.21 PAYMENTS WITHHELD 

The SPE may withhold or. on account of.subsequently discovered evidence. nullify the whole 

or part of any certificate for payment to such extent as may be necessary to· protect Acurex from 

loss on ~ccount of: 

a. Defective work not remedied. 

b. Claims filed or reasonable evidence indicating probable filing of claims. 

c. Failure of the Contractor to make payments properly to sub-contractors or for materials 

or labor. 

d. A reasonable doubt that the contract can be completed for the balance then unpaid. 

When a 11 the above grounds are removed certificates ·shall at once be issued for amounts with-

held becou3e of them. 

1.22 INSURANCE PREMIUMS 

The Contractor shall maintain such insurance as wi.ll protect him from claims under workmen's 

compensation acts and from any other claims for damages for personal injury. including death; and 

·damage .to property which may arise from operations under this contract. whether such operations be 
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by himself of by any sub-contractor·or anyone directly or indirectly employed by either of them. 

Certificates of such insurance shall be filed with Acurex, if they so require, and shall be subject 

to their approval for adequacy of protection. 

Contractor agrees to and does hereby accept full and exclusive liability for the payment of 

any and all premiums, contributions and taxes for workmen's compensation·insurance, unemployment 

insurance and for old age pensions, annuities and retirement benefits, now or hereafter imposed by 

or pursuant 'to federal and state laws, which are measured by the wages, salaries or other renumeration 

paid to persons employed ~Y Contractor in connection with the performance of this contract and Con

tractor further agrees to indemnify and hold Acurex harmless against any liability. for any such taxes 

or contributions which may be assessed against Acurex. Contractor further agrees to enter into any 

agreement that ·has been or may hereafter be prescribed by any federal or state governmental body or 

authority in order to effectuate the foregoing purposes. 

1.23 GUARANTY BOND 

Contractor will be _required to furnish a financial statement and qualify to make surety bond 

or satisfy Acurex requirements as to the Contractor's ability to successfully complete the contract. 

At Acurex 's option a surety bond will be executed and all premiums paid by Acurex. 

1. 24 LIENS 

No installment payment or the fi na 1 payment nor any part of the retained percentage shall be

come due until the Contractor shall deliver to Acurex a complete release of all liens arising out of 

this contract, or receipts in full in lieu thereof and, if requir.ed in either case, an affidavit 

that as far as he has knowledge or information the releases and receipts include all the labor and 

material for which a lien could be filed; but the Contractor may, if any sub-contractor refuses to 

furnish a release or receipt in full, furnish a bond satisfactory to Acurex, to indemnify them against 

any lien. If any lien remains unsatisfied after a·ll payments are made, the Contractor shall refund 

.to Acurex all monies that the latter may be compelled to pay in discharging such-lien. 

1.25 ASSIGNMENT 

Neither party to the contract shall assign the contract without written consent of the other,· 

nor shall the Contractor assign any monies due or to become due to him hereunder, without the pre

vious written consent of Acurex. 
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1.26 SEPARATE CONTRACTS 

Acurex reserves the right to let other contracts in connection with this work. The Contrac

. tor shall afford other contractors reasonab 1 e opportunity for the introduction and storage of their 

materials and the execution of their work and shall properly connect and coordinate ~is work with 

theirs. 

1.27 SUB-CONTRACTORS 

The Contractor shall, as soon as practicable after the signing of the contract, notify the 

SPE in writing of the names of his sub-contractors, and shall not empfoy=ariy that the SPE may, 

within a reason~ble time, object to' as incompetent or unfit. 

The Contractor .agrees that he is fully· responsible to Acurex for the acts and work of h1 s 

sub-contractors and ·Of .Persons either directly or indirectly employed by them. 

Nothing contained in the Contract Documents shall create any contractual relation between 

the sub-contractor and Acu·rex. 

1.28 RELATIONS OF CONTRACTOR & SUB-CONTRACTOR 

The Contractor agrees to bind every sub-contractor and every su~-contractor. agrees to be 

bound by the Terms of·the Agreement, the General Conditions and the Drawings and the Specifications 

as far as applicable to his work. 

1.29 SPECIAL GUARANTEES 

The contractor shall obtain from the respective sub-contractors such guarantees as are par

ticularly called. for under the separate trades of the specifications. These·guarantees shall extend 

to Acurex direct and shall be accompanied by similar guarantees from the Contractor, all in form 

and substance satisfactory to the SPE . 

. 1.30 USE OF AND CLEANING UP OF THE PREMISES 

176 

The Contractor shall confine his apparatus, materials and.operations of h.is workmen to limits 

indicated by law, ordinances, permits or directions of the SPE and shall not unreasonably encumber 

the premises. 

He sha·ll not load or permit any. portion of the str'ucture to be loaded with a weight that would 

endanger its safety, and he shall enforce the SPE instructions regarding signs, advertisements, fires 

and smoking. 
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The Contractor shall at all times keep the premises free from the accumulation of waste mate

rials or rubbish no matter by.whom caused and upon completion shall remove all debris, rubbish, tools 
. .:·, 

scaffolding and surplus materials, repair any dama.gedone to the work no matter how or by whom caused, 

leaving the premises clean and in perfect order and repair at the termination of his work. 

1.31 MATERIALS FURNISHED BY ACUREX 

It is agreed that the attached list of construction materi-als and equipment will be furnished 

by Acurex, delivered to the Contractor's Yard free of cost to the Contractor: (See Section 2). 

The Contractor shall, however, 
... • . ! 

a. Install same or use same in the work in accordance with ihe intent and purpose of the 

drawings and these and/or the manufacturer's specifications. 

b. Promptly inspect all such materials and equipment upon delivery to him and give prompt 

notice to Acurex of any shortages therein or damage or breakage thereto and assume entire 

responsibility for any such shortage or damage or breakage if such notice is not promptly 

given. 

c. Assume entire responsibility for the safety of all such materials and equipment against 

loss by theft or otherwise or breakage or damage after same has been delivered at the 

site. 

d. Make good at his own expense any such loss or breakage or damage occurring before the work 

is accepted by Acu rex. ' 

The .Contractor shall notify the SPE or his local representative in cases of non-delivery of 

any part of the materials or equipment listed as furnished by Acurex, at least 2 weeks before he 

expects to use or install same. 
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2.1 EQUIPMENT 

SECTION 2 

EQUIPMENT 

Equipment to be furnished by Acurex and installed by the General Contractor, numbers coded 

according to Drawing Number 7234.:.030. 

2.1.1 Control Valves 

Solenoid Valve 

5 Digital Valve 

6 Flow Meter 

7 Thermal. Element· 

l-inch Magnetrol Number 16l44 normally closed 

1-1/2-inch Digital Dynamics Inc. Number DOl 5-607 D-14 

l-inch Barton Series 500 w/308 Pulse Action Pak ~umber 7000 

1-1/2-inch RDF Corporation Type 21A 10A4A48 

15 Temperature Control Valve l-inch Johnson Number 1550 04 

16 Solenoid Valve. 

17 local Pressure Indica.tor 

21 Solenoid Valve 

24 Solenoid Valve 

25 Solenoid· Valve 

26 Flowswitch 

27 Flowmeter 

29 Flowswitch 

30 Flowswitch 

32 Tank level Gauge 

2.1.2 Steam Trae 

(See drawings) 

1-1/2-inch Johnson Number 1550 D4 

Marshalltown Pressure Gauge P-500 

3/4-inch Johnson Number 250 D-3 normally closed 

2-inch Magnetrol Number 36l47 normally closed 

3/4-inch Magnetrol Number 14 lR43 normally open 

3/4-inch W. E. Anderson Flotec V6-EPB-B-S-2-D 

l-inch Morel Number 306 

2-inch W. E. Anderson Flotec V4-2 

1-1/2-inch W. E. Anderson Flotec V4-l-l/2 

"Gems" Fibra level 24550 Switch Kit (furnished and installed 

by Acurex). 
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2.1.3 Heat Exchanger 

(See drawings) 

2.1.4 ~ 

(See drawings) 

2.1.5 Accumulator Tank 

(See drawings) 

2. 1. 6 Floating Suction 

(See drawings) 

\~ 
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SECTION 3 

SPECIFICATIONS FOR ASPHALTIC CONCRETE DRIVEWAYS AND SERVICE AREAS 

3.1 GENERAL 

Pavements shall be installed by a competent asphalt paving contractor, using skilled person-

nel. 

Compaction of the subgrade shall be accomplished with a sheepsfoot or other approved tamping 

roller; a three wheel or tandem power roller weighing approx·imately 8 tons shall be used to compact 

the base courses and wearing surface. Areas adjacent to fill boxes, drains or other fixed objects, 

inaccessible to a roller, shall be compacted with hand tampers of the pneumatic or vibratory type 

on subgrade and base courses; with hand tampers weighing not less than 25 pounds on wearing surface. 

All fill and backfill as hereinafter required shall be good clean earth, sand or gravel, free 

. from rubbish or other· foreign or organic matter, meeting the approval of the SPE. 

3.2 PREPARATION OF SUBGRADE 

All top soil shall be removed together with all unstable materials such as saturated subgrade 
' 

soils, roots, logs, organic matter or other foreign undesirable materials an!! the area shall be 

brought to grade by excavation and/or filling as required. 

All drains, catch basins, concreted areas, valve boxes, etc., as called for, shall be care-

fully set so that their finished elevation will be in proper relation with the given finished ele

vation of the top of the surrounding pavement. Small isolated concrete areas such "as round gauge 

and fill boxes shall not be installed untir after pavement is completed. This sha:ll be the respon

sibility of the genera 1 contrac"tor and if any changes must be made after the paving work is started, 

the expense must be borne by the general contractor whether paving work was sublet by him or let 

under separate contract. 

The subgrade shall be thoroughly rolled and tamped, soft and weak spots shall be dug out 

and backfilled, depressions shall be _filled and the subgrade re-rolled and retamped as r·equired to 

obtain 95 percent of optimum compaction. Checks shall be made with a pneumatic or vibratory tamper to in

sure specified compaction in areas around underground tank holes, trenches and other filled areas. 
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Upon completion the subgrade shall present a· firm, even surface free from weak spots, de

pressions or high spots compacted and finis~ed within a tolerance of~ l/2" to a depth below finished 

grade equal to the sum of the specified thicknesses of base courses and wearing surface. 

There shall be no loose or·uncompacted subgrade soils in the subgrade prior to placing the 

sub-base material. 

3.3 ASPHALTIC CONCRETE (A. C.) DRIVEWAY 

Pavement shall consist of a sub-base and/or base course and a wearing surface of compacted 

thickness as designated below: 

Conditions Sub-base 

A 1.1 Paved Areas 4" 2" 1" 

Before priming and before placing the sub-base, the sub-grade shall be stabilized. to a depth 

of 6". The soil shall scarified to the 6" depth and be free from vegetation, large lumps or other 

objectionable matter and may be either existing material, material secured from other sources or a 

combination of the two. MC-3 asphalt shall be applied to the scarified area at the rate of 1-l/2 

gallons per square yard and thoroughly mixed into the soil and aerated prior to compaction. The 

stabilized material shall then be rolled as required to obtain 95 percent optimum compaction. The 

same air temperature restrictions apply .for MC-3 as given below for MC-1 prime coat. 

3.4 SUB-BASE COURSE 

The sub-base course shall be.constructed of crushed stone, broken gravel or slag of uniform 

quality and acceptable to local highway departments in the area of the work, or combinations thereof 

meeting the following gradations:. 

Sieve Size Percent Pass iny 

2" 100.0 

1" 70-100 

No. 4 35-70 

No. 200 3-12 

The fraction passing the No. 40 sieve (soil binder) shall have a plasticity indP.x nnt. grPilt.Pr. 

th!ln 6 or the total aggregate shall have a Sand Equivalent Value of not ress than 30. 

Other similar materials which are approved and used by local highway department, city or town 

specifications or highway type base construction in the area of this inst~lht1on m~y be substituted 

for those shown above. Also, clean bank·run sand and gravel or other approved material having a 

bearing value of 75 psi or better may be used fa the sub-base. 
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The aggregate shall be thoroughly blended prior to placing. It shall be spread to uniform 

.thickness in layers not exceeding 3" (when compacted) and shall be rolled and thoroughly compacted 

at the proper moisture content until materia 1 does not creep or wave ahead of roller and it is firm 

enough to support material trucks without displacing or shifting. Depressions and poorly compacted 

areas must be corrected by filling with the same type materials and re-rolling. 

The finished surface of the sub-base must be firm, ~ree from loose material and to grade a 

depth below finished grade equal to the specified thickness for the base and wearing course. 

3. 5 . PRIME COAT 

A prime coat of MC-1 Asphalt (0.2 to 0.4) gallons per square yard) shall be applied to the finished 

sub-base and allowed to cure prior to placement of the base course. 

Prime coat shall not be applied when the air temperature is below 60°F and falling,. but may 

be applied when the temperature is· above 50°F· and rising. Air temperature to be determined in the 

shade away from artificial heat. 

3.6 ASPHALTIC CONCRETE BASE 

The base or. level-up course shall be hot' pfant mix asphaltic concrete frpm an approved plant 

capable of furnishing specification materials: The grade of asphalt shall be 85-100 penetration 

and the mi_x shall be. in .accordance with local State Highway specifications for fine graded level-up 

course. The asphafti c material sha 11 be from 3. 5 to 7 percent of the mixture by weight. 

The base or level-up course shall be placed only when weather conditions are suitable. It 

shall be rolled and thoroughly compacted to 95 percent density. The thoroughly compacted and dry 

hard surface shall be given a tack coat of RC-2 Asphalt· not to exceed o·: 1 gallons per square yard. 

The tack coat shall be rolled with a. pneumatic tire roller and allowed to cure prior to placement 

·of hot mix asphaltic concrete wearing surface. 

3~7 WEARING SURFACE 

The wearing surface shall be hot plant mix asphaltic concrete form an .approved plant capable 

of ·furnishing specification materials. The grade of asphalt shall be suitable .for local climatic , 

conditions .(85-100 penetration or as required by local highway specifications) .. The mix shall be 

tl!!IISI! graded where ava1laolt! arid shall be in accordance with the State Highway or City specification 

-for hot mix wearing surfaces in the state or area where this installation is to be made. The number 

of the applicable specification will be furnished by the SPE. 
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All concrete surfaces against which the wearing surface will be placed shall be lightly coated 

with an RC-2 asphalt tack coat and the wearing surface rolled toward the concrete to·insure a tight 

seal at the joint. The wearing surface mixture shall be placed uniformly high adjacent to all con

crete driveway areas. so that after·compaction it will be 1/2" high above such adjoining concrete 

surfaces. 

The wearing surface shall be installea only when weather conditions are suitable. It shall 

be rolled and thoroughly compacted to 95 percent density and uniform texture conforming to specified 

finished elevations with no irregularities exceeding l/4-inch in 10 feet. Any irregularities or 

defects remaining after final compaction shall be corrected by complete removal and replacement of 

the surface course in the affected area. 

At the direction of the SPE and as necessary to check the thickness, the contractor shall cut 

test holes not more than one per 1000 square feet (unless defects are found) and shall refill the 

test holes with acceptable materials properly compacted. 
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SECTION 4 

HOT AND COLD WATER PIPING 

4.1 SCOPE 

This specification covers the conditions· and requirements for fabricating .and erecting hot 

and cold water piping systems and of piping materials as hereinafter stated. 

4.2 GEN'ERAL DESCRIPTION 

This·specification cover·s piping for hot and cold water systems, above ground only, including 

raw •. filtered, .carbon filtered, and reclaimed potable water. (Spinkler systems for fire protection 

and underground potable water systems must meet Associated Factory Mutual requirements, and are not 

covered by.this Specification.) 

Contractor shall furnish all equipment, labor and materials required to complete the pipework 

installation as shown on the Drawings, and as herein specified with the exception of the material 

furnished by Acurex. Contractor's equi prneri·t shall be adequate and servi cable for the work required. 

In the event the condition of any of the Contractor's equ.ipment is such that it would adversely 

affect the workmanship of the completed job or retard its progress, the.equipment must be immediately 

repaired.or replaced with equipment satisfactory to Acurex. 

Where valves or fittings are furnished by Acurex, some will not include bolts, nuts, gaskets, 

or other materials related thereto . 

. Except where flanges occur in 4-inch or larger diameter piping, all fittings and pipe shall be 

connected by welding. Three inch diameter or small diameter piping and fittings shall be made up 
. . 

with screwed fittings and connections, except as niay be noted or shown on the drawings and on the 

approval of the SPE. 

Contractor shall promptly repair, to the satisfaction of Acurex_, property damaged by him in 

the progress of his work. He shall provide safe and convenient temporary crossings over pipeline 

ditches where same is necessary. 
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4.3 JOB SITE DRAWINGS AND SPECIFICATIONS 

Contractor will be furnished a sufficient number of.complete Plans and Specifications to sup

ply all sub-contractors with a minimum of one set. All sub-contractors must be furnis~ed one com

plete set with specifications. Contractor shall require of his sub-contractors· that they have this 

one set of plans and specifications with them on the job. together with any revised drawings at any 

time they are performing work. 

In addition. contractor shall keep one working set of drawings and specifications with any re

vised drawings on job site at a 11 times for SPE review. Also. contractor shall keep one set of 

drawings with any revised drawings on job site marked currently for as-built conditions. 

A~urex will furnish all the sets of plans and specifications needed·by contractor on written 

request. 

4.4 DITCHING AND BACKFILLING 

Contractor shall do all necessary ditching and backfilling and other excavating to install 

lines at the required depth. 

Pipe shall be installed in ditch no closer than 6 inches to any other parallel line or cross 

line. whether said other parallel .line is installed in the same ditch or otherwise. No extra payment 

will be allowed by reason of having to excavate the ditch to depths greater than required to meet the 

above specifications so that pipeline will pass under all other pipelines. drain lines, conduits. 

telephone cables. etc .• encountered along the buried pipelines. 

Contractor shall maintain all ditches and excavations clear and free from fall .material. loose 

rock. etc. and/or obstructions caused by cave-ins. washes. slide or otherwise.until the pipe is lowered 

and the ditch is ready for backfilling. Welding rod stubs .shall not be discarded in the ditch nor in 

such a manner that they might be placed in the ditch during backfilling operations. 

In the case where rocks. stones. or other hard materials are encountered in the bottom of the 

ditch. contractor shall excavate 3-fnch deeper than .otherwise required and shall place 3-inches of 

loose di~t. free from rock. stones or other.··hard mater-ials. in the bottom of the ditch before install-
' 

ing the pipe. 

The bur1ed pipe shall be covered to a minimum depth of 6-inches with dirt that is free of 

rocks. stones. or Qther hard material~ In the case where rocks. stones or other hard materials are 

encountered. the 6-inch covering over the pipe may be placed by hand. or other procedures. if first 

approved by the SPE. 
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4. 5 UNDERGROUND PIPE PROTECTION 

Contractor will furnish all material and labor and equipment to apply pipe wrapping. The 

material will be Tran-Tex VID-20, 6-in~h wide applied half-lapped over tapebond adhesive primer; 

machine applied immediately after application of primer. 

Prior to application of any primer or materials on the pipe, the contractor shall remove all 

moisture, oil, grease, rust, scale, dirt and other foreign material, preferably by sand blasting, 

· ·or by solvent cleaning and/or wire brushing where necessary. Do not use solvents containing oily 

constituents for cleaning the pipe. Remove or clean smooth all metal burrs, projections or sharp 

points. As soon as practical after cleaning the pipe,·contractor shall apply tapebond adhesive 

primer at the rate of approximately 300 square feet per gallon, allowing no bare spots. If any are 

required, use only non-oily thinners, such as Nap,tha, E.X.Yltme, Toulene, or equivalent. Apply the 

ta.pe by machine wrapping. Maintain a firm tension, minimum of 5 pounds per inch of width, on the 

tape during application. Tape overlap shall be 3-inches or half-lap. 

Field joints shall be primed and handwrapped to provide complete coverage of the tape over 

the metal surface. In the case of field joints, the tape wrap shall extend at least 6 inches over 

the adjacent pipe wrapping. 

Contractor is to take all necessary precaution to protect wrapped pipe from damage. Damaged 

areas, where t~ey do occur, shall be repaired with minimum of two turns of tape, which shall be 

wrapped as specified above. Damaged areas may be repaired by handWrapping. As many complete turns 

shall be used as is 'necessary to completely cover the damaged areas. Overlap onto joining undamaged 

areas by at least 2 inches. 

In the event the contractor incurs an unnecessary large nu~ber of damages to the coating, the 

SPE, at his discretion, shaH require coated pipe to be protected by wrapping with L.O.F. rock 

shield or equivalent~ The shield shall be cigarette wrapped around the pipe and bound securely with 

3/4-inch J-M Dutch Brand Number 400 Strapping Tape, ends to be butted. 

Material and workmanship covered by this specification shiill be subject to the inspection of 

the SPE and shall conform to all the requirements of this specification and/or Manufacturer's recom-

mel]da t ions. 

r.;ontractor shall test all coated and wrapped pipe with an approved "Holiday Detector" of 

7,000 to 8,000 volts, after all pipe, field joints, fittings and patches have been primed and 

wrapped. Any "Holidays" found shall be repaired immediately in a manner approved by the spE. 
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Apparatus for detecting "Holidays" shall be supplied by contractor. Contractor must notify the SPE 
!- . 

at least 72 hours prior to testing coated pipe to permit him· to witness tesl. 

4.6 CODES 

Wherever State, Provincial or Municipal Codes have special regulations concerning material 

used or connections made, such regulations will apply to that specific area. 

Federal codes or regulations covering water lines will also apply to specific areas. 

4.7 PIPE AND NIPPLES 

Size 3-1/2-inch, ~-inch, 7-:inch, or 9-inch pipe shall not ,be used .. 

The use qf 2-1/2-inch pipe shall be avoided where possible. 

For both hot and cold water, pipe and nipples shall be Schedule 40, galvanized, ASTM-A-53 GR B. 

For 3-inch pipe and larger, where local codes pennit, use ASTM-A-53 GR B with welding fittings. 

All pipe shall have the maker's name ·rolled on, and all nipples shall bear maker's distinguish

ing mark. 

Sprinkler lines may be of steel and are ·covered by Factory Mutual Specifications. 

For filtered hot and cold water use galvanized ASTM-A-53 GR B uncovered, and black or galva-

nized pipe. 

Hot water· pipe lines shall.be installe~ with sufficient flexibility to provide for expansion 

and contraction due to temperature fluctuation. 

Pipe for 4-inch headers and smaller, d1str1but1ng branches to swin9 joints, etc., which cannot 

be covered, shall be galvanized ASTM-A-53,. GR B pipe for appearance and cleanliness. 

Pipe for welding shall be furnished with plain ends. 

Pipe 2·inch and smaller may be hard streamline copper, type "K" for factory installations, 

type "l" . for a 11 genera 1 plumbing purposes. 

Copper pipe arid copper fittings are to be used only after obtaining approval of the SPE. The 

minimum weight per linear foot for t~is copper pipe shall be as follows: 

Size Weight Size Weight 

3/8" 0.269 1-1/4" 1.04 

1/2" 0.344 1-1/2" 1.36 

3/4" 0.641 2" 2.06 

1" 0.839 
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4.8 BENDS 

Bends shall be on a radius equal to five (5) times the diameter of the pipe. · Tube turns, of 

radius equal to one and a ha·lf (1-1/2) times the diameter·of tube, are to be used only where abso

lutely necessary, due to limited space, etc. 

Bends 2-1/2-inch radiu~ and smaller, with copper pipe, shall be Mueller extra heavy hard, 

streaml.ine copper, type "K" for. factory installations and type "L" for all general plumbing purposes. 

4.9 JOINTS 

In 2-inch piping and under, joints shall be welded or screwed. In piping over 2-inch, joints 

shall be flanged, using lap joint or slip-on welding flanges. Screwed ·flanges may be used with the 

approval of Acurex. 

All threads on screwed piping shall be made with uniform taper, properly.cut with sharp, clean 

dies. 

Where streamline copper pipe is used, joints shall be sweated, u.sing 50/50 wire solder and 

non-corrosive flux for thi~ type of installation. Joints between iron pipe, screw fittings or valves 

shall be made only with streamline couplings or adapters. 

4.10 GASKETS 

Gaskets shall be ring type and fit neatly inside the bolt holes. Gasket material shall be 

Anchorite oil-proof sheet (rubber) packing, l/16-inch thick, style 410, .as manufactured by the Anchor 

Packing Company, Philadelphia, Pennsylvania ·and Elkhart, Indiana. 

4.11 HANGERS AND GRADING, ETC. 

Hangers shall be Grinnell adjustable wrought iron clevis hanger, Figure 260 or .craiu! adjust

able .clevis hanger, Figure 239F, with pipe spacer on horizontal bolt added. for. all sized of pipe or 

approved equa 1 • 

In all production areas galvanized or stainless steel hangers shall be used. Pipe shall be 

graded l/8-inch per .10 feet to low points for purpose of draining. Provide bras.s valve with nipple 

and cap at low po.ints for draining and cleaning. 

Hot 1~o.ter 1 ines are to be graded upstream so that air ·in risers, mains and branches will be 

carried to a point of dischar9e. 
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4. 12 COMPOUND 

Compound used on pipe threads shall be "Seal Rite" as manufactured Mackson & Company, 125 

Cedar Street, New York 6, New York, or "Pipetite Stick Compound" as manufactured by Lack Chemical 

Company, 3070 W. Carroll Avenue, Chicago, Illinois, or "Key Graphite Paste," as manufactured by the 

W.K.M. Division of American Car and Foundary, P.O. Box ·2117, Houston, Texas. Only threads on pipe 

shall be coated. "Permacel" ribbon pipe dope is also acceptable. 

4.13 FITTINGS (ASTM-A-53 GR B) 

Fittings 2-inch and smaller shall be 125 pound American standard cast iron screwed, and ov.er 

2-inch shall be "yoloy" welding fittings. One hundred and twenty-five pounds American standard cast 

iron fla11geu, fdt:ed and dri lied may be used if approved by SPE. Screwed fittings shall. be black or 

galvanized to match adjacent pipe. 

Fittings 2 inches smaller, used with copper pipe, shall be Mueller streamline copper, or 

approved equal. 

4.14 UNIONS 

Unions 2-inch and under shall be malleable iron 250 pounds railroad type, with brass to iron 

seats, hexagon ring and fema 1 e screwed ends, Crane Figure 519 or approved equal. Unions shall be 

black or galvanized to match adjacent pipe. 

4.15 FLANGES 

In place of unions for pipe sizes over 2 inches, the 150 p01md forged steel flanges, faced and 

drilled regular. 

Unions With copper pipe sha 11 be Mueller streamline copper. 

4.16 SWING JOINTS 

Swing joints shall be bronze "Chiksan" or bronze "Flexo" (90° elbow type) and will be ·used 

exclusively where there is regular need for a swing joint. 

4.17 VALVES, CHECK 

Cher.k valve~ 2-1/2·,1nth and smaller shall be Jenkins, standard pat,tern, bronze, screwed swing, 

Figure 353. On cold water use a medium soft rubber disc 294-S, and on hot water use a semi-hard 

disc llO. 
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Valves 3 inches and over shall be Jenkins standard pattern iron body flanged swing check valves, 

Figure 295. On cold water use a medium soft rubber disc 294-S, and hot water use a semi-hard disc llO. 

4.18 VALVES (GENERAL) 

Valves 2-1/2-inch and smaller for cut-off purposes shall.be Jenkins standard pattern bronze 

· screwed. gate valves. Stationary spindle and inside screw, Figure 370 . 

. valves 2-1/2-inch and smaller, for frequent use where tightness is essential, as on swing joints, 

etc., shall be. Jenkins ··standard pattern bronze screwed globe valves, rising stem and inside screw, 

Figure 106-A. On cold water use a medium-soft rubber disc 294-S, and on hot water use a semi-hard 

disc 110 .. 

Valves 3-inch and over for cut-off purposes _shall be Jenkins standard pattern iron body flanged 

gate valves, bronze mounted, stationary spindle and inside screw, Figure 326 or OS&Y, Figure 651-A,. 

as called for on Drawings,. 

Valves 2-inch and smaller with copper pipe, for cut-off purposes, shall be Jenkins bronze 

solder end gate valves, Figure 1240. 

Valves 2-inch 'and smaller, with copper pipe, for frequent use where tightness is essential, as 

on swing joints; etc., shall be Jenkins bronze solder end globe valves, Figure 1200. On cold,water 

use a medium-soft rubber disc, 294-S, and on hot water use a semi-hard disc 110. 

Each main branch shall be provided with a cut-off gate valve of proper type. 

~lhere more than one fixture is installed on a branch, each fixture will have its own cut-:off · 

valve, preferably a rising stem valve. 

For hot and cold water supply to kettles use Crane "Accesso" ball valves, Catalog No. 2"330-TF. 

For fire protection lines, and where·specified by the engineer in charge, outside stem and 

yoke valVes are to he used. For 2-inch and 3-inch sizes, use Jenkins Figure 368, screwed, Figure 369, 

flanged; over 3 inches use Jenkins Figure 651-A, flanged. 

4.19 VALVE CHAIN WHEELS 

When called for, chain guides shall be provided for valves inaccessible from floor or platform, 

and shall be similar to those shown in Crane catalog 60, page 280. Babbitt wheels are not satisfactory 

and are not to .be used. 
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4.20 INSULATION GENERAL 

For pipe covering on water 1 ines, see Specification .attached. 

All permanent cold water piping shall be covered to prevent sweating and the resultant .cor

rosions of the o~tside of the pipe as well as drip on products and workers beneath pipe hung frqm 

ceiling. All pennanent hot water piping shall be covered to prevent loss of heat by radiation. 

Covering.on either hot or cold water piping beneath platforms that are washed down frequently must 

also be waterproofed. 

All pipe to be insulated shall be run with sufficient clearance between adjacent pipe l.ines to 

permit application of insulation. 

4.21 INSERTS. 

Seven eights-inch in.serts, usually on 4 feet centers are provided in the concrete ceilings of 

most of the buildings. They may be used by contractors only for piping 6-inch or larger in size un

less permission is obtained in writing from Acurex. Contractors are expected to keep smaller pipe 

lines, conduits, etc., at least 8 inches clear, horizontally, of inserts so as not to interfere with. 

structural supports for other equipment. 

4.22 EXPANSION SHIELD A.NCHORS (FOR ALL PIPE HANGERS) 

Masonry anchors shall be self-drilling tubular expansion shell bolt anchors, with an exter

nally slit expansion shell and a single-cone expander, conforming to Federal Specification FF-S-325, 

Group 3, Type 1, Para. 3.2.3.1".1, of an approved type, or equal, as 1 isted below: 

''fled Hcild' 1 Phillips Drill Co., Michigan City, Indiana 

Pipe Bolt 
Size Diameter 

"2"* 3/8" 
3"* l/2" 
4"* 5/8" 
6""' 3/4" 

8"* 7/S"U 

* Intermediate sizes take next larger size 
"'" If inserts are not availa~le 

No _gunshot inserts are to be used. 
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4.23 SLEEVES 

Sleeves shall ordinarily be made of standard black steel pipe. Wall and floor sleeves shall 

always have an inside diameter 2-1/2-inch (or more) greater than the' outside diameter of· the pipe 

passing through to allow for insulation. 

Floor ·sleeves shall project 3 inches minimum above top of finished floor. If cut through 

waterproof floor, care must 'be taken that waterproofing is brought up around sleeve to maintain tight

ness of membrane. In manufacturing areas, 6-inch and 8-inch diameter pipe sleeves are sugges.ted, re-

gardless of the •size of pipe being installed,. to allow for future changes. 

4.24 CLEANING 

The inside of all pipes, valves and fittings shall be left smooth, clean and free from blis

ters, loose mill scale, sand and dirt. To assist in assuring this·, no pipe is to be stored on the 

ground and, prior to erection, each piece of pipe shall be held in an .incline position and hanmered 

to loosen scale and foreign matter. 

Open ends of mains shall be plugged or capped during all shut-down periods. Pipe lines shall 

not be left open at any place where foreign matter might accidentally enter pipe. 

All pipe lines shall be blown or flushed out prior to placenient in service, and all valves 

checked to be free of foreign material prior to closing of valve. 

4.25 TESTING 

All piping is to be tested for tightness before insulation is applied. Hydrostatic test 

pressure shall be at least 1-1/2 times normal operating pressure .. All wo,rk shall be satisfactorily 
. . 

tested under normal plant operating conditions for a period of six (6) days before acceptance by 

Acurex. Contractor shall correct any leaks or other defects in his work which may develop during 

the test~ng or during the period of his guarantee. 

4.26 DEVIATIONS 

Deviations from this specification will be permitted only when approved in writing by the SPE, 

Acurex Corporation. 

4.27 NOTICE TO CONTRACTORS 

Cont\actors must never open or close valves in old piping in order to make new connections. 

This is necessary to prevent interruptions to production, accidents, etc. 
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4.28 GUARANTEE 

Contractor is to guarantee the above against defects in workmanship and material for a period of 

year from date of receipt and accpetance, and should any defects develop within that period, contractor 

must make a replacement satisfactory to Acurex without charge. 
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SECTION 5 

STEAM & CONDENSATE PIPING 

5.1 . SCOPE 

. This Specification covers the conditions and requirements for· fabricating and erecting stan

dard equipment for steam and condensate piping systems of materials as hereinafter stated. 

5.2 GENERAL DESCRIPTION 

Under this heading· the Specification covers piping for vessels operating up to 250 pounds 

per square inch. This includes high and low pressure piping. boilers 110-250 psi. blending kettles 

90-100 psi·, steam hoses 90 psi, reto.rts operating at various pressures from 30 psi to 90 psi, di

gesters 75 psi, brQth kettles 42 psi, and header systems 1-1/2 to 25 psi. 

5.3 CODES 

All piping installations shall follow the latest revision of the American Standard Code for 

Pressure Piping, ASA 831.1, in so far as practicable, with due regard for general requirements for 

anchorage, sway bracing and guides. 

5.4 PIPE AND NIPPLES (for SLEEVES, see Section 5.17 of this Specification) 

Sizes 3-l/2", 5" 7", or 9" pipe shall not be used. Where 5" pipe is called for, as on cer· 

tain centrifugal pumps, "reducer" pieces, 5" to 6",· shall be used to make pipe connections. 

The use of 2-1/2" pipe 1S to be avo;ded wherever possible. 

For Steam, pipe sizes through l-l/2" shall be (extra heavy) Schedule SO,.pipe sizes 2" and 

above shall be (full weight) Schedule 40, black steel pipe. "National", or app~oved equal, to 

latest revision ·of ASTM Specification A-53, Grade B, Type E or S. "Yoloy" may be used as an alter

nate for black s'tee 1 pi.pe .. 

For Condensate, pipe sizes through l-l/2" shall be (extra heavy) Schedule 80, pipe sizes 2" 

and above shall be (full weight) Schedule 40, "Yoloy" pipe. 

Pipe for welding shall be furnished with plain ends. 

· llS 

,· 
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5.5 BENDS 

Wherever possible, bends shall be on a radius equal to five (5) times the diameter of the 

pipe, unless otherwise specified. Tube Turns may be used when specific limitations prohibit the use 

of bends. 

5.6 JOINTS 

For 2" and under, joints in piping shall be welded or screwed. Over 2", joints shall be 

welded or flanged, using lap joint or slip-on welding flanges. 

5.7 GASKETS 

Gaskets shall be ring type and fit neatly inside the bolt holes, cut from Anchorite graphited 

fibre sheet (asbestos) packing, l/16" thick Style 424, as manufactured by the Anchor Packing Com- · 

pany, Philadelphia, Pennsylvania and Elkhart, Indiana. 

5.8 HANGERS 

For 6" pipe and smaller, pipe hangers shall be Grinnell adjustable wrought steel cl.evis type 

Fig. 260, or Fee and Mason Fig. 239 with pipe spacer on horizontal bolt added for all sizes.of pipe. 

For 8" pipe and larger, use two (2) adjustable rod hangers with pipe rolls, Grinnell Fig. 171 

or adjustable pipe roll stands. 

Pipe near floor may be supported on pipe standards with base flange and adjustab·le top yoke. 

All horizontal pipe shall have hangers or supports having a maximum spacing in accordance 

with. American Standard Association Code (Maximum 5 feet for 1/2" pipe, up to 22 feet for 10" pipe), 

Section 6 ASA B 31.1, latest revision. 

All hangers and hanger rods to be of ga 1 vani zed materia 1. A 11 ·nuts on hangers to be fiber 

lock nuts. 

5.9 CO~POUND 

"P1petite" manufactured by·Lake Chemical Company 
3052 west ~arrol I Avenue 
~hi~~oo, Illinois 60612 

Contains no lead, non-~oxic, contains no injurious ingredients. 

Provides positive ~eal fo\ gasoline, oil, ammonia, propane, butane, refrigerants, air, gas, 

acid, brine, wote1·, and !.l~dm. 

Withstands pressure to 10,000 psi., temperature to 750°F. 
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Key Graphite Paste manufactured 

-

by W-K-M Divi.sion 
ARF Industries 
P.O. Box 2ll7 
Houston 1, Texas 

For sealing s~rew-thread, flange and gasket joints on steam, gasoline, kerosene, vapor, 
.... 

creosote, tar, gas, hot oil, hot·.vaseline, air, and acid lines. 

5.10 FITTINGS 

Fittings 2" and smaller up· to. 125 pounds pressure shall be 125# American Standard, black, cast 

iron, screwed, for pressure 126# to 250# American Standard black cast iron screwed. Over 2", fittings 

shall be sta.ndard Voloy welding fittir~gs> 

5.11 UNIONS 

Unions 2" and smaller shall be black malleable iron, 250 pound railroad type. with brass to 

iron seats, hexagon ring and female screwed ends, Crane Fig. 5,.g, or approved equal. 

5. ll . 1 Flanges 

In place of unions for pipe sizes over 2" use 150 pound forged steel flanges. faced and 

drilled regular. For operating pressures below 150 PSIG and 300# forged steel 'flanges~ faced and 

drilled regular for operating pressures from 151 PSIG to 300 PSIG. 

5.12 TRAPS 

Traps for steam headers and bleeders are to be Illinois Eclipse No. 30 or Series 61, and for 

process equipment Illinois Eclipse, Series 61, or Nicholson Industrial Type with bronze bellows, 

solid filled. 

The pipe from th~ kettle,· cofl or header to the trap should be one size larg~r than the 

tapped outle~;e·of the trap, if possible. Use a reducing fitting just ahead of the trap. 

Traps for hot water heaters, air heating coils and unit heaters on 70 pound.steam or less 

shall be Illinois bucket type traps, No. 30 or Series 61, as required, with separate external Illi

nois thermostatic air by-pass (No. 1 MG for l/2" service, No. 3 MG for 3/4" service, No. 5 MG for 

1" .service). 

5.13 VALVES 

Gate valves shall be used only where indicated; for 4" and·over they shall be O.S. & V. type, 

when clearance permits. 

* ASTM-A-53 Grade B acceptable substitute 
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Glove or angle valves shall be used for other services, especially where throttling is neces

sary. All valves 8" and over shall be provided with by-pass. 

5. 13.1 Header.Service 

Each main branch shall be provided with a cut-off valve. 

Sizes 3" and over, globe, up to 125 psi - Jenkins Fig. 142 iron body, flanged, bronze mounted 

with yoke, rising stem, No. 269 bronze disc. 

Sizes 2-l/2;, and smaller - globe - to 125 psi - Jenkins Fig. l06A with No. ll20 hard rubber 

fibre disc. 

Sizes over 3" - globe - 125 to 250 psi - Jenkins Fig. 923 with extra heavy flan9es - No. 269 

bronze disc. 

5.13.2 Low Pressure and Condensate 

Under 30 psi use gate valves, except for throttling, tight shut-off, drains and trap by

passes. Check valves shall be installed between traps and return headers, gate valves shall be used 

between check valves and return header, valve stem to be drilled and wired open with 0.0475" copper 

wire and sealed with sprinkler valve seal. 

disc. 

Sizes 2-l/2" and smaller, gate, Jenkins Fig. 370 - screwed with No. 1120 hard rubber fibre 

Sizes over 3" - Jenkins Fig. 651-A - flanged with No. 269 bronze disc 

Jenkins Fig. 326 - flang!ld with No. 269 bronze disc 

NOTE: Use OS and Y types when clearance penn its, for sizes over 3". 

5.13.3 Safety Valves 

Safety valves shall be installed at all pressure reducing stations, for back pressure on main 

. lines, retort headers, etc. 

Safety valves are to be selected to relieve the maximum quantity that can be generated or sup

plied to the attached equipment without pennitt1ng a rise in prP.ssurP. wit.hin t.h"'· v"'';s"'l of more. than 

10 percent above the maximum allowable working pressure when the safety valve is blowing. 

Select the safety valve for the quantity to be relieved and the valve to be set for the maxi

mum allowable working pressure stamped on the·vessel. 

Comply with the.ASME Code and the equipment manufacturer's requirements. 
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The following ·va 1 ves are recorrmended: 

A. Sizes (1". x 2") to (6" x 8") iron body, .bronze trim, angle pattern Series 72, Page 24, 

Marine and Industrial Products Co., North Wales, Pa. 

8. Sizes (1-l/2" x 2"') to· (6" x 10") iron body, stainless steel trim, angle pattern, 

Figure 1902, Dresser Industries, Inc., 1967 Catalog, Page 37. 

5.13.4 Check Valves 

Sizes 2-l/2" and smaller - Jenkins Fig. 92A - bronze screwed. 

Sizes 3" and over - Jenkins Fig. 624 :.. iron body, flanged. These check valves to have proper 

disc or plug, according to service. 

5.13.5. Reducing and Pressure Control Valves 

. For dead~end service and constant load- Leslie L-3, or Leslie GPK-1, as called for on the 

Drawing. Valves are stainless steel fitted with stellited seat rings. 

For variable load and more exact control - Leslie D-3 with air operated pilot valve Type PRA. 

5. 13.6 Temperature Control 

For hot water heaters use a temperature controller, Taylor Catalog No. P-7RR114 with an air 

filter, Ta.vlor Catalog No. R39Sl7, reducing valve, Taylor Catalog No. R41S323, and a cast iron body, 

reverse acting single seated, V-port moto~teel control valve with stainless steel trim (example for 

4" size - Taylor Catalog No. 20VD237). " 

5.13.7 Heating System 

RadtatDr.valves - 2" and smaller, mariual -Jenkin~ Fi.g 167, globe- Fig. 168, angle. 

Controls in production areas shall be pneumatic type, Minneapolis-Honeywell, Johnson Service, 

or approved equal. 

Automatic radiator valves are to be Fulton Sylphon No. 885 o.r Minneapolis-Honeywell VO SOlA. 

5.14 VALVE CHAIN WHEELS 

Valve chain wheels with chain guides ~hall be proviued for valves inaccessible from floor or 

platform, and shall be similar to those shown in Crane Catalog ·60, page 280. Babbitt wheels are not 

satisfactory and shall not be used. 
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5.15 STANDARD HOSE CONNECTIONS 

The standard Strahman hot and cold. water mixing and hose station shall have the hot water 

supply on left when facing the station with control valves installed 4'-9" above floor. 

The standard steam and cold water hose station using the Sellers Type "B" high pressure jet 

for cleaning requirements shall have the jet set at 4'-0" above floor with steam connection on top 
I 

and cold water connection on bottom and with solvent control, overflow and discharge connections 

adjacent in jet. 

5. 16 ERECT.ION 

Piping shall be properly aligned and free of dirt and scale when installed, and shall hP ~ept 

clear during progress of work, closing open ends temporarily as necessary. For changes in size, re

ducers or·reducing fittings shall be used. Bushings will nQt be permitted. 

5.17 SLEEVES 

Sleeves shall ordinarily be made of standard black pipe. Wall and floor sleeves shall always· 

have an· inside diameter 2-l/2", (or more) greater than the outside diameter of the pipe passing 

through to allow for insulation:· 

Floor sleeves shall project 3" above top of finished floor. If cut through waterproof floor, 

. care must be taken that waterproofing is brought up ·around sleeve to maintain tightness of membrane. 

In manufacturing areas 6" and B" sleeves are to be used, regardless of the size flf pipe being in

stalled, to allow for future changes. 

5. 18 INSERTS 

Standard 7/8" inserts, usually on 4'-0" centers, are provided in the concrete ceilings of most 

of the buildings. They may be used by contractors only for piping 8" or larger in size unless per

m1s.s1on iS Obtained in writing. Contractors are expected to keep smaller pipe lines, conduit, etc. 

at least 8" clear horizontally of inserts so as .not to interfere with structural supports for other 

equipment. 

5.19 EXPANSION SHIELD ANCHORS (for all Pipe Hangers) 

Masonry anchor~ shall be self-drilling tubular expansion shell bolt anchors, with an exter

nally slit expansion shell and a single-cone expander, conforming to Federal Specification FF-S-325, 

Group 3, Type 1, Para. 3.2.3.1.1, of an approved type, or. equal, as listed .below: 
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"Red Head", Phillips Drill Co., Michigan City, Indiana 

Pipe Bolt 
Size Diameter 

2"* 3/B" 
3"* l/2·" 
4"* 5/8" 
6"* 3/4" 
8"* 7/8"**' 

* Intermediate sizes take next larger size 
** If inserts are not available. 

No gun shot inserts are to be used. 

5.2D CLEANING 

The inside of all pipi'!S, valves~ and fittin.gs shall be Jeft smooth, clean, and free from 

b 1 is ters, 1 oose mill sea 1 e, sand, and dirt, and b 1 own out with air before being p 1 aced in service. 

5.21 CONTRACTORS 

Contractors shall never open or close valves in old piping. This is necessary to prevent 

· interruptions to production, accidents, etc., and must be strictl.v observed. 

5. 22 TESTING . 

All pipinQ shall be tested for tightness· before insulation is applied. H.vdrostatic test 

pressures shall be at lea'st 1-1/2 times the normal operating pressure. Steam and return lines shall 

also ·be te~ted under normal steam pressure for 25 hours before insulation is applied. All work shall 

be satisfactorily tested under normal plant operation conditions for a period of six (6) days before 

acceptance by Acurex. Contractor shall correct any leaks or other ~efects in his work which may 

develop during the testing or during the period of his guarantee. 

5.23 GENERAL 

Deviations from this Specification are permitted only when approved in writing by the SPE, 

Acurex Corporation. 

5.24 GUARANTEE 

Vendor is to guarantee the above against defects in workmanship amd.material for a period of 

year from date of receipt and acceptance at the pl~nt and should any defects develop within that 

period, contractor must make a replacement satisfactory to Acurex ·without 'charge. 
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SECTION 6 

SPECIFICATION FOR PIPE COVERING 
AND PIPE LINE ·IDENTIFICATION 

6. l SCOPE 

This Specification covers the conditions and requirements for all pipe coverings, in the fol

lowing sections: 

e Steam Piping· 

• Condensate Piping 

• Hot and Col"d Water and Drain Piping 

• Cold Pipe Lines, -so• to +75°F 

• Pipe Line Identification 

• Alternates 

6.2 STEAM PIPING 

.Covering for steam piping shall be Armstrong sectional "LK-12" calcium silicate, or approved 

equal, held in place with pasted .muslin jacket and finished ~lith an 8-ounce pasted canvas jacket. 

For inside waterproof covering, omit the pasted canvas cover and apply a tight spiral wrapping 

of Scotch Brand 471, or approved equal, white plastic pressure sensitive tape·, with a minimum 50 per-

cent overlap. 

All flanges, unions and valve bonnets, etc., indoors, shall be left uncovered up to and in

cluding 6 inches. Flanges 8 inches and over, indoors, shall have substantial removable molded in-

sulated covers, when specially ordered. 

For outside waterproof· covering, wire "LK-12" insulation, or approved equal, in place with 

0.047 SST wire, using three wires per insulation section (3 ft). Finish with double-coated Flextone 

rooting paper wired on with 0.047 inches SST wire on 4-inch centers and, in addition, cover flanges, 

unions and valve bonnets separately and tl1en seal all joints. 
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Size Pipe 

l/2 in to l-l/2 in 

2 to 3-l/2. 

4 

6 

8 to 10 

12 and over: 

To 
~ 

in 

l-l/2 

l-l/2 

w . 
Superex molded sections or approved equal 

6.3 CONDENSATE PIPING 

50 to 175 psi 175 psi and over 
to 400°F 500°F ·600°F 

l in 2 in l-l/2 & l-l/2 

: 1-l /2 2 l-l/2 & l-l/2 

l-l/2 2 l-l/2 & l-l/2 

2 l & l-l/2 l-l/2 & 2 

2 l & l-l/2 l-l/2&2 

2 l-l/2 & l-l/2 l-l/2 & 2 

Covering for condensate (or trap return) piping shall be omitted except where workers might 

get burned by taking hold of it or rubbing against it. Under these conditions ·the exposed section 

will be covered. Vertical condensate pipe is to be covered ·from the floor to 7 feet above the 

floor or operating platform. 

Covering shall consist of l-inch thickness Armstrong section "LK-12" calcium silicate, or 

approved equal, held in place with pasted muslin jacket and finished with an 8-ounce pasted can-

·vas cover. 

For inside waterproof covering omit the pasted canvas cover and apply a tight spiral .wrapping 

of Stoth Brand 471, or approved equal, white plastic pressure sensitive tape, with a minimum of 

50 percent overlap. 

For outside waterproof covering wire "LK-12" insulation, (Johns-Manville, etc.) or approved 

equal, in place with 0.047-inch SST wire, using three wires per insulation section (3ft). Finish 

with doub.le coated Flextone roofing paper wired with No. 14 B&S solid copper wire on 4-inch centers 

and, in addition, seal all joints. 

All flanges, unions and valve bonnets shall be left uncovered ·if waterproof covering is ·not 

used. 

6.4· HOT AND COLD WATER AND DRAIN PIPING 

Hot and cold water and drain piping are covered to prevent sweating or to prevent freezing. 

Insulate with l/2-inch wall thickness, flexible, foamed plastic, closed cell, pipe insulation, 

Armstrong "Armaflex 22", or (lpproved equal. (Temperature limit for this material is 200°F.) 
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6.4. 1 Application 

"Annaflex 22" insulation shall be slipped on the pipe prior _to erection wherever possible and 

butt joints sealed with Armstrong 520 adhesive. Where the slip-on technique is not possible, the 

"Annaflex 22" insulation shall be slit and applied to the pipe with longitudinal seams and butt 

joints sealed with 520 Adhesive. 

Fitting cover insulation shall be fabricated and installed according to the manufacturer's 

reco11111ended. procedures: Sweat fittings shall be insulated with miter-cut pieces of "Annaflex 22" 

pipe insulation, ·the same size as on adjacent piping. Screwed fittings shall be insulated with 

sleeved fitting covers ·fabricated from miter-cut pieces of "Annafl ex 22" pipe i nsul ati on accord-

ing to the manufacturer's sleeving size recommendations, overlapped and sealed to the adjacent pipe 

insulation. All valves shall be insulated with "Armaflex 22" pipe and sheet insulations. All joints 

and miter-cut pieces.shall be sealed with. 520 Adhesive, or approved equal. 

At outside carrying hanger locations, nominal l/2-inch wall thickness Armstrong rigid "Arma

flex" .PiPe insulation shall be installed and protected with 28-gauge galvanized sheet metal shields 

for pipe sizes smaller than l-l/2-inch IPS and 26-gauge for pipe sizes l-l/2-inch IPS·and larger. 

All. joints and seams shall be sealed with two coats of 520 Adhesive, or approved equal. 

6.4.2 Finish 

All exposed pipe insulation shall be finished with two coats of Annstrong "Annaflex Finish" 

or· approved equal', color to be as specified in Pipe Line Identification, Section 6. 

6.5 COLO PIPE LINES -50nF TO +75°F (Includes Chilled Water, Brine and Refrigerant Pipe Lines) 

Lines above 30°F shall be insulated with "Armaflex 22", or approved equal, applied and finished 

according to the procedures specified in Section 4 of this Specification. Insulation thickness shall 

be as shown in fOllowing table. Other materials shown in table may be substituted if there is eco

nomic justification. 

Lines below 30°F shall be insulated with either polystyrene or polyurethane in accordance with 

insulation manufacturer's recommendations and following table. Minimum density of insulation should 

be .1. 7 lbs per cubic foot in either case. Insulation sha·ll be provided with Kraft backed aluminum 

foil vapor barrier. All insulation joints shall be sealed.with joint sealer such as Foster "F6am

sea 1" 30-45 or 81-33, or approved equa 1'. Sea 1 a 1 uminum foil jacket with Foster 82-07, or approved 

equal, adhesive using 4-inch wide strips at circumferential joints. Secure with bands of aluminum, 

stainless steel or pressure sensitive tape not less·than 4 bands every 3 feet. 
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Finish indoor lines with vinyl-type covering. Finish outdoor lines with.Childers 0.006-inch 

aluminum jacketing banded every foot. 

V~lve and fitting insulation shall be factory or field fabricated from same material and thick

ness as pipe insulation. If field fabricated, they shall be carefully and neatly made 1n accordance· 

with manufacturer's instructions. Particular care must be taken to positively vapor seal <ill joints 

at valves and fittings. Valve stems, strainer caps, etc. must be left exposed for service. The 

vapor: seal at these exposed surfaces shall be protected against normal service damage. 

Finish for fittings and valves shall be the same as pipe insulation· using st~ip~ of vapor 

barrier set with Foster 82-07 adhesive and canvas "Insulcolor" finish for inside work. Outside work 

shall be finished with two coats of Foster 30-70 "Lagtone" using "Lag-fab" cloth. 

INSULATION THICKNESS CHART 

Pipe Fluid /\rmaflex Po l_yurethane* 
Tern~., OF 

+50 .to '75 l/2" l/2" 

+30 to +49 3/4" l" 

-10 to +29 l-1/2" 

-50 to -ll . 2" up to l-l/4" IPS 
2-1/2" for l&l/2" to 
3" for 6" IPS and up 

4" IPS 

Polystyrene* 

l" 

1-l/2" 

l-1/2" up to 3/4" IPS 
2 for l" to 4" IPS 
2-1/2 for 6" IPS and up 

2" up to 3/4" IPS 
2-1/2" for l" to 2~1/2" IPS 
3" for 3" to 6" IPS 
3-l/2'; for 8'; IPS and up. 

*Minimum density 1.7 lbs per cubic foot, based on 90°F, ambient, 85 percent relative 
hunii di ty .· 

6.6 PIPE LINE IDENTIFICATION 

a. Pipe line identification shall conforn1 to the United States of America Institute's 

Standard 13.1-1956 "Scheme for the Identification of Piping S:tstems." lhis scheme is 

limited to to the identificaiton of piping systems in industrial plants, not including 

pipes buried iu the grouud, and ele~::trical conduits. Fittings, valves and pipe cover-

ings are included, but not supports, brackets or other a~cessories. Piping systems under · 

ttlis Standard are classi.fied by the nature of the material carried. Each system is 

placed, by the nature of its content, in one of the following classifications: 

Class 

F = Fire. Protec:tion, Materials and fquip~nt. 

D = Dangerous Materia 1 s Yellow 
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Class 

S = Safe Materials 

P =· Protective Materials 

V = Extra Valuable Materials 

.. 

Color 

Green 

Bright Blue 

Deep Purple 

By way of explanation, the "P" and "V" symbols as used in the Standard are defined as 

follows: 

l. "P" (Protective Materials) are those piped. through plants for the express purpose of 

being available .to prevent or minimize ttie hazard of the dangerous materials (which 

are flammables, toxic, corrosive at high temperatures and pressures, productive of 

poisonous gases or in themselves poisonous). 

2. "V" (Extra Valuable Materials) are those piped through the plant to various proces

sing stations which, in themselves, are extremely valuable as or toward end products. 

(These would include such pipelines as broth, sauce and juice lines, soup, gravies, 

emulsions,. milk, etc.) 

b. All main piping, concealed (but not underground) or exposed, except branch lines from 

mains to points of service outlet, are to be identified by means of self-sticking pipe 

markers and banding tape. Pipe markers are to be the self-adhering Type B-500+, Perma

Code Pipe Markers with Color-Code Pipe Banding Tape, as manufactured by the W.H. Brady Co., 

_727 W. Glendale Ave., Milwaukee, Wisconsin. Markers to be placed on the pipelines so 

they can be readily identified from the floor, banded with corresponding ·color tape at 

each end of marker. 

c. Pipe markers and banding tape shall be applied in the following locations: 

1. At each valve 

2. At every tee connection 

3. At each point of exit and entry where pipe passes through wall, floor, partition or 

ceiling 

.4. On long continuous runs of pipe, every 50 feet (max), except "non-potable water" and 

"cooling water" which must be every 20 feet. 

5. An arrow marker adjacent to each pipe marker with the arrow showing direction of flow 

and pointing away from the pipe marker. Use double-headed arrow if flow in pipeline 

can be in both ·d.irections. 
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d. All pipe markers and banding tape are to be applied where view is unobstructed and the 

legend can be easily read and identified. All markers and tape are to .be applied in 

strict accordance with the manufacturer's instructions. 

6.7 GUARANTEE 

Contractor'is to guarantee the above against defects i.n workmanship and material for the period 

of 1 year from date of receipt and acceptance at the plant and should any defects develop within 

that period, contractor must make a replacement satisfactory to Acurex without charge. 
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7.1 SCOPE OF WORK 

SECTiON 7 

ELECTRICAL SPECIFICATION 

The work of this section comprises the furnishing and installing of all electrical work as 

shown or called for on the drawings and as herein specified, complete and ready for operation to the 

satisfaction of Acurex, including the furnishing of. an materials, equipment, labor, tools, and ser

vices necessary therefor and incidental thereto, except as otherwise provided. 

All schedules included in the specifications or shown on the plans are approximate as to the 

·number of circuits, outlets, fixtures, and the like, and the contractor shall check these against 

the layout and the details on the plans. Where a discrepancy occurs, the contractor shall furnish 

·such items necessary to make.a complete, operable installation as intended by the layou~ and details 

on the plans. All of the various components such as disconnects, starters, combination starters, 

relays, panel boards, etc. shall be complete with all appurtenant accessories. 

All electrical work shall be properly coordinated and timed with ~he work of oth~rs, and, in 

particular, with mechanical, piping and installation of new and relocation of existing machines and 

equipment to avoid delays and mistakes. The contractor shall bear the burden of any expense involved 

due to his failure to comply with these req~irements or due to his failure to acquaint himself with 

the work of others as it affects the electrical work. 

7. 2 ORIIWH~GS 

The electrical drawings are diagrammatic and the circuits are schematic and are not to be 

scaled for dimensional purposes. Where dimensions are shown on electrical drawings, the work is to 

be located accordingly. All other dimensions are to be obtained at the job site. 

7.3 GUARANTEE 

The contractor will guarantee all work against defects in workmanship and material for a 

period of ONE (1) YEAR from date of receipt and-acceptance of completed project, and should any defects 

develop within that period will make a replacement satisfactory to Acurex without charge. 

129 209 



210 

7. 4 CODES, RULES, SAFETY ORDERS AND PERMITS 

All work installed or material used must comply with the latest rules of the following agencies: 

A. Public Utilities Commission, State of California. Rules for overhead line construction. 

B. California Administrative Code, Title 24, Part 3 Basic Electrical Regulations 

C. National Board of Fire Underwriters, The National Electrical Code (NEC) 

The rules of the National Electrical Code (NEC) shall_govern where the California Administrative 

Code is not specific, but in all other cases the latter code shall be followed. 

The electrical contractor shari obtain all permits and pay all fees required by any govern

mental agency having jurisdiction over this work. Inspection<:: re(juired by local ordinances during 

construction shall be arranged by the electrical contractor. Upon completion of the work, satisfac

tory written evidence shall be furnished to Acurex to show that all work has been installed in ac

cordance with these codes. 

7.5 INSPECTION AND TESTS 

During its progress, the work shall be subject to inspection by representatives of Acurex 

at which times the contractor shall assist the inspector in ascertaining any information that may 

be required. 

The electrical contractor shall test all wiring and connections for continuity and grounds 

before any equipment is connnected, and whe_re such tests indicate faulty insulation or other defects, 

they shall be located, repaired and retested at the contractor's expense. 

R~tation of all motors shall be checked and corrected, if necessary, after final connections 

a.re made. 

7.6 SUPERVISION 

The contractor shall personally, or through an authorized and competent representativP, r.on

stantly supervise the work from its beginning to its completion and acceptance. He shall, so far as 

is possible, keep the same foreman and workmen on the work from its commencement to i~s completion. 

7. 7 MATERIALS 

Materials shall be furnished in ample quantities and at such times as to insure uninterrupted 

pro~ress of the work. They shall be 3tored propf!rly and protectet.l d:'. r~4uin~t.l. Th~ cunlrat:Lur shdll 

be entirely responsible for damage and loss by weather or other causes. All materials shall be ne~1. 
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of merchantable grade, of the quality called for on the drawings or specified· herein, free from 

defects, and approved by the Underwriter's Lab9ratories for the purpose for.which they are used. 

Materials shall be of.uniform type .and make throughout the installation. 

7.8 WIRING METHODS 

7 .&.1 General 

No wire shall be drawn into conduit until all ~ork of any nature that.'may cause injury is 

completed. No blocks, tackle or other mechanical means shall be used in pulling-in wires, Number 8 

or smaller, and care shall be taken in pulling-in the wires to prevent damage to the insulation or 

wire. No wire smaller than Number 12 shall be used for light and power circuits unless specifically 

requested. Control wiring may be Number 16 AWG. 

No joints will be permitted except in outlet boxes, pull boxes, panel board gutters and other 

spaces approved by governing codes. Joints and splices made in wires Number 8 and larger shall be 

by cast fittings using screw thread device to tighten on the wire such as Thomas and Betts "Lock-Tite" 

and "Tite-Bind" or other make using similar principles. All joints and splices shall be taped with 

not less than two double lapped layers of "Scotch 33", tightly applied over rubber tape. 'All stan

dard wires connecting to screws, bolts or studs shall be lugged; Lugs shall be of similar construc

tion to the connectors specified above. All motor lead connections shall be lugged, bolted and in

sulated as described above. 

7.8.2 Lubricants 

Graphite, talc or an approved compound may be used as a lubricant for pulling conductors 

through raceways. Cleaning agents or lubricants· that have a deleterious effect on conductor cover

ings shall not be used. 

7.8.3 Tagging 

All branch circuits must be left securely tagged showing distinctly the purpose of each. All 

feeders, branch circuits, and control circuits shall be tagged in all pull boxes and in the gutters 

of all panels to which they connect. Premarked, self-adhesive, wraparound type markers equal to 

Brady Quick Label~or E-Z Code wire markers shall be used. 

· 7.8.4 Color Coding 

Color coding of conductors of branch circuits shall be in accordance with NEC .. 

131 211 



212 

7.9 WIRE 600 VOLTS OR LESS 

All wires shall be type THHN-THWN stranded copper of not less than 98 percent conductivity 

unless othenrJise specified. All wire installed in this contractshall be of a standard manufacture 

approved by the Underwriter's Laboratories, Inc., and shall bear their label. All wire shall be 

brought to the job in unbroken packages. 

7.10 CONDUIT MATERIALS 

An accessible, exposed iron pipe system shall be installed for the connection of all outlet 

boxes, junction boxes, panel board cabinets, etc. as indicated on the drawings. 

A. Rigid Conduit - shall be standard weight, mild steel pipe, of the white galvanized type 

only. The inside and outside of the conduit except the threads shall be finished with 

enamel or lacquer over the zinc coating. The interior surface shall be thoroughly cleaned 

ur all ~l.dlt:!, I.JurT~, ur· r·uuyh ~j.JUL~. Tht:! l.Uul.luil ~hllll I.Je IIIIIIIUfiii.Lurel.l uul.ler Lire :.up~r-

vision of the Underwriter's Laboratories' factory inspection and label service. Each 

length of conduit shall bear the Underwriters' label and the name of the manufacturer. 

Fittings such as couplings, elbows, b.ends·, etc. shall be subject to the same requirements 

a~ for rigid conduit. 

B .. EMT- The use of Electric Metallic Tubing is absolutely prohibited. 

C. Flexible Conduit- For connections to motors and devices shall ·be of the liquid-tight 

variety and shall have a continuous z1nc coating on the steel strips employed therein. 

·The interior surfaces shall be free of all scale, burrs, and sharp edges. Conduit shall 

bear the Underwriters' label. Terminating fittings shall be Thomas and Betts Series 5300 

or an equal app-roved by ·the Resident Engineer. 

7.11 CONDUIT INSTALLATION 

7 .11.1 Gener_al 

All conduit shall be rigid. Conduits shall be run continuous between outlets with a minin1um 

number of bends. All conduit subject to rough usage wh.;le on the job before installation and not 

acceptable to Acurex shall be removed from the premises upon notice. All screwed cql')duit connections 

shall be tight to preserve ground continuity and other connections to boxes, etc. shall be installed 

with care in order that moisture may be excluded from the conduit system. All conduits must be kept 

dry and tree tram water or debr1s w1th approved pipe plugs or caps. 
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7.11.2 Bending 

Where conduit run is exposed, it shall be neatly installed parallel or at right angles to the· 

structural members. Conduits shall be used to achieve all changes in direction of conduit runs ex

cept where bends are·expressly permitted. All field bends for rigid conduit shall be of the proper 

radius required by E.S.O. They shall be made with standard tools and equipment manufactured espec

ially. for this purpose. Care shall be taken not to reduce the internal diameter of the conduit. The 

bends shall be free of kinks, indentations or flattened surfaces. The heating of any conduits for 

the purpose of bending is prohibited. 

7. 11.3 Flexible Connection 

Flexible conduit will be permitted to connect the bottom of motor junction bo~es to conduit, 

Flexible connections shall be flexible liquid-tight metal conduit. 

7.11.4 Locknuts and Bushings 

All conduits where they enter panel boxes, pull.boxes or outlet boxes shall be secured in 

place by galvanized locknuts and bushings -one locknut inside and one locknut outside of box with 

bushing· on end of the conduit, drawn tight to insure perfect electrical and mechanical contact. The 

locknuts shall be tightened against the box· without deforming the box. Insulating bushings shall be 

installed as required by Paragraph 2359 (f) of the E.S.O. In wet areas where conduits are terminating 

in boxes or pushbutton enclosures without hubs, Meyers Scrutite zinc series hubs shall be used. 

7. 11.5 Runs, Single or Multiple 

Where conduits are run exposed, whether single or in multiple runs, they shall be installed 

straight and true with respect to each other and the adjacent construction .. 

7. 11.6 Running Threads 

The use of running threads is absolutely prohibited and where some such device is necessary, 

Erickson or equal couplings shall be used. 

7. 11.7 Separation 

A minimum separation of 6 inches shall be maintained between conduits and steam or hot water 

11ries whenever poss1bie. 

7.11.8 Roof Flashing· 

All conduits projecting through roofing shall be made watertight by proper flashing. A sheet 

metal cap and tightening band or storm collar shall be securely fastened to conduits. Flashing shall 

extend a minimum of 6 inches in all directions from conduit. 
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7.12 CLEARANCES FOR SANITATION 

In addition to the requirements of the. electrical codes relating to working clearances, elec-· 

trical conduit and devices installed in the production areas of the Plant shall have the following 

clearances from columns, walls, and ceilings in order to meet the Pl.ant sanitation requirements. 

Clearances from Ceiling 

Item 

Junction Boxes 

Maximum dimension of 
junction boxes 

6 inches or lest 

12 1 nchP.s 

18 ioches 

24 inches 

30 inches 

36 inches or more. 

Lighting Outlets 

Minimum Cleara~ce 

2 inches 

4 inches 

6 inches 

8 inches 

10 inches 

12 inches 

1 inch " 
Conduit - 1 inch minimum for single conduit plus l" for each c1dditional conduit in the same 

• 
run up to a maximum of 12 inches. For example: (1} l/2 inch, (3} 3/4 inch and (1} 1 inch 

conduit are in the same run; minimum clearance 5 1nches. 

Clearances from Walls and Columns 

Junction Box, Starter 
Circuit Breaker or Switch 

Minim•Jm nimPnc;inn nf it.Pm 

6 inches or less 

12 inches 

18 inrhpc; 

24 1nchcs 

30 inches 

36 inches or more 

M.i nii!IUm C 1 ea nw;e 

2 inches 

4 inches 

6 inches 

u im:hlil~ 

10 inches 

12 inches 
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Where starters and switches are mounted on a single rack with a .wiring trough, the mfnimum 

clearance for the entire assembly shall be the minimum clearance for the entire assembly 

shall be the minimum clearance which is required for the largest component in the assembly, 

but in no case less than 6 inches. 

Where boxes are mounted, within 4 ·inches of each other, .the minimum dimension above shall 

be that of the entire group of boxes. For example, with a 12-inch box mounted 3 inches away 

from a·6-inch box, use overall dimension of an 18-inch box and mount 6 inches from ~all or 

cei 1 ing. 

Item 

·Motor Control Centers 

End to Wall 

Back to Wall 

Up to 3 sections long 

4 and 5 sections long 

6 sections long 

Minimum Clearance 

12 inches 

15 inches 

18 inches 

21 inches 

Patented hangers. such as Unistrut, Kindorf, etc. <1re not to be .used for mounting brackets below 

a 10-foot height above the floor. Easy to clean, flat or round br<1ckets are to be used when mount

ing electrical 'devices on the· production equipment. 

7.13 INSERTS, HANGERS 

7.13.1 General 
(~ 

Conduits shall be supported at intervals not greater than 5 feet, and within 3 feet of every 

outlet or junction box. This shall apply on vertical runs as well as horizontal runs. ·Light fix

tures shall be supported as follows: All surface and stem .suspension fixtures shall be securely an

chored to the ceiling by calking anchors with machine threads using two 10-24 screws where double 

supports are required. The following methods are not approved: 

a. Wood or fiber plugs 

b. Powder actuated inserts 

Where a humber of conduits are to be run exposed and parallel with another, they shall be 

grouped and supported by patented inserts and hangers of the proper size, such as Unistrut, or equal, 

matching the existing work., Powder actuated tools for installing anchors will not be approved. Wood 

or fiber plugs or concrete nails also will not be acceptable. 
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7.14 MOTOR STARTER 

Unless otherwise designated on the drawings, the contractor is to furnish and install three over

load relays and renewable type fuses in all mangetic starters including those starters furnished by 

Acurex. 
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SECTION 8 

SITE PREPARATION AND CONCRETE 

8. 1 GUARANTEE 

·Any defects which develop .within a period of l year after. final acceptance by Acurex, which 

are due to faulty workmanship, or the use of inferior materials shall be corrected by the Contractor 

at his expense. 

8.2 LOCATION OF FACILITIES AND GRADES 

Before any work is begun, Acurex's SPE shall meet with the Contractor on the site for the 

purpose of staking out with the Contractor the location of individual facilities. All finish grades 

where shown on the Drawings shall be established by .Contractor and verified by Acurex's SPE. 

8.3 CLEARING AND GRADING 

Contractor shall clear site, remove all obstructions interfering with the construction and 

operation of the Plant, and do all excavating, grading and filling required for the construction as 

necessary to bring grades and levels to required elevations. 

8.4 EARTHWORK- GENERAL 

Contractor shall perform all necessary excavation, filling, hauling, compacting and grading 

as required for the completion of the facilities 

General filling shall l.Je made using soils and materials included in Groups A-la, A-lb, A-2- 4, 

. A-2- 5, and A-3, as classified by the United States Public Roads Administration. Before any fill 

is placed, all grass, bushes, vegetation and debris shall be removed from the area. Fill shall be 

spread in not over 12-inch layers and compacted with a sheeps-foot roller or vibratory tamper 

approved by Acurex's SPE. Each successive layer of fill material shall be compacted in layers, 

after which the final layer in ·areas to.be paved shall be compacted with a rubber-tired roller which 

shall have a weight of not less than 225 pounds per inch of tread. 
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All soils shall be sprinkled during the compaction process to insure obtaining the optimum 

moisture content. In areas which are too small for, or inaccessible to rollers, tamping equipment, 

consisting of pneumatic tampers or vibratory compacting equipment shall be used to obtain the desired 

degree of compaction. 

When backfilling ditches for pipework, the pipelines shall be carefully laid on firm bearing 

and ·the ditches filled with material and by procedures stated above for general .filling. 

All backfill for building slabs and footings shall start at natural grade and shall be of 

material approved by SPE compacted to .95 percent density but in no case shall have a bearing capa

city of less than 2500 pounds per square foot. All backfill for underground tanks shall be bank-run 

sand or other approved materials designated by SPI:. t·ree from large stone, vegetable or other foreign 

matter. 

All foundations and footings shall be carried a minimum of 18 inches below finished grade to 

bottom of loading. 

8.5 CONCRETE 

The·owner reserves the right to select the brand of cement used throughout the entire job and 

the Contrattor shall.secure written approval from the owner of the brand selected. 

All sand, crushed stone or gravel shall be first quality, clean, sharp and free of loam, 

salt, clay, vegetable or .any other foreign matter. Coarse aggregate shall be crushed hard stone or 

gravel, or other material approved by the SPE, of a size passed by a 1-l/4-inch screen and retained 

on a 1n-inch screen, uniforml.v qraded and must be clear and uncoated. 

Water shall be clean and free from deleterious amounts of acid, salts, alkalis, or organic 

materials. · 

All concrete shall be transit (ready) mixed proportioned to produce an ultimate strength of 

2,500 psi, at 28 days, except that concrete slab for the accumulator tank shall be 5,000 psi con

crete, 28 days. Test cylinders shall be taken and tested at 48 hours. Contractor to include cost 

of testing in his bid. Testing to be done by qualified personnel licensed by the State of California 

to do so. At least 3 minutes of mixing time shall be at the job site. 

8. 6 FORMS 

Earth bank forms may be used for below-grade foundation work, p~ovided banks are f1rm, neatly 

trimmed, and will retain the concrete in precise size and shapes. Wood forms shall be carefully 

formed to required sizes and securely braced, cleated and shored in a manner to prevent spreading, 
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warping and undue settlement. Forms must be.thoroughly wetted before concrete is poured. Form 

lumber may be reused, if cleaned and reconditioned. 

8.7 PLACING CONCRETE 

After the subgrade, forms and reinforcing steel (where required) ·have been properly prepared, 

concrete shall be deposited in even horizontal ·layers so that lateral flow is kept to a minimum, so· 

as to prevent segregation of matedals. It shall be tamped or vibrated into all corners and recesses 

. of forms and aro.und all reinforcement. Pouring operations shall be a continuous sequence between 

predetermined joints. 

8.8 FINISHING CONCRETE 

Tank slab shall be installed as shown on plans with dusted on monolithic surface and shall 

be finished with a hard steel trowel finish leaving a· rotary steel trowel finish. 

8.9 CURING 

All concrete shall be cured with an approved colorless curing compound or other methods 

approved by SPE. No concrete shall receive traffic or heavy loads until curing is completed, and 
• shall be protected from damage during the entire construction period. 

8.10 REINFORCING 

Wire mesh or deformed bars shall conform to ASTM A-15, intermediate grade. Standard 

hooks and bends shall be used where called for on the Drawings or where necessary to develop bond. 

Lap of bars must be at least 40 diameters. Reinforcing must be securely wired in place. 

8.11 EXPANSION JOINTS 

All concrete expansion joints, if called for on the drawings, in the yard paving shall have 

5/8 x 24-inch dowels spaced 2 feet on centers, one end greased or wrapped with felt to prevent bond

ing with the concrete. Slabs shall be tooled at all edges. Expansion joints shall have 3/4-inch 

expansion board set l/2 inch below finished surface. Joints above the premoulded expansion .board 

shall be filled with Aero Sealz, as manufactured by U.S, ~ubber Company, or an approved equal. 
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SECTION 9 

ROOFING 

It shall be the responsibility of the general contractor to maintain the bonded integrity of 

the roof to the satisfaction of the SPE. • 

Roofing is to be repaired in a workmanlike manner by skilled roofers to insure waterproofing. 

All pitch pockets, as.-shown on the drawings are to be the complete responsibility of the 

general contractor. Drawings included in this package are typical and dimensions must be adjustec! 

to suit actual field conc!itions. 
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SECTION l 

INTRODUCTION 

The purpose of this· report is to provide a discussion of the following aspects of t"he ERDA

Acurex solar process hot water program: 

• Criteria and rationale used in process selection 

• Expected fuel savings to be provided by widespread use of the solar energy system in 

the industry 

• Economic evaluation of the system 

This program involves the design, construction, operation and evaluation of a solar water 

heating system for application to the can washing process at the. Campbell Soup Company's plant 

located in Sacramento, California. The information presented in this report was provided in part 

by the National Canners Associat1on (NCA), consultants to Acurex on the program. 

The three sections which.follow are direct responses to the three items listed above. The 

general conclusions which can be made in regard to these items are:. 

• The selection of. the can washing process at the Sacramento plant is an excellent choice 

for this experimental program, since it fully meets all criteria set down by ERDA and 

Acurex·to realize maximum benefits from the program 

• The flexibility of the Acurex solar energy system design will allow·widespread usage of 

the system concept in industry, with an. estimated potential fuel savings of. 18 x 10 15 

joules per year (17 x 10 12 Btu/year) for canning industry process hot water 

• The solar w.ater heating system appears to have the potential for achieving economic via

bility in the future, ·although the present experimental system·will provide energy at a 

cost about four times as great as the cost of conventional energy 

:j 
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SECTION 2 

INDUSTRIAL PROCESS SELECTION 

A rational approach to the widespread implementation of solar energy systems for generation 

of industrial proc~ss hot water requires careful selection of the points of introduction. The pro

cesses and industries selected for demonstration programs must be well suited to the use of solar 

heated water, offer good potential for future substitution of solar energy for current energy sources, 

and allow good transferability of solar water heating technology to other processes and industries • 

. Considering these factors, a logical and ordered selection procedure was applied to determine which 

. processes ·and industries are the most practical candidates and to identify the single process most 

suitable for this program. A set of selection criteria was established and applied to a number of 

industries and processes which consume significant quantities of hot water. Can washing was finally 

selected as the process having the b~st potential for providing a successful demonstration Program. 
' 

Section 2.1 describes the details of the selection criteria. Section 2.2 gives the rationale 

. for selecting the canning industry, and the can washing process in particular, for a demonstration 

program. In Section 2.3 details of the selected process are given, and in Section 2.4 the en·ergy 

consumption levels involved are shown. 

2.1 SELECTION CRITERIA 

The primary objective of this program is to implement solar energy for heating industrial 

process hot water in a manner which will maximize the future benefits resulting from the program. 

To meet this.objective, two criteria were defined for an initial screening of the candidate indus

trie~ and processes, namely~ 

1. Total annual energy consumed nationally by the industry or process for generating process 

hot water 

2. General "solar suitability" for industry or process: location and seasonal characteris

tics 

Once these criteria had been applied and t~e number of candidate industries and processes re

duced, more specific criteria could then be applied to specific processes identified within an indus-

try. These criteria are: 
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1. Present and future hot water requirements for.the process 

1 Total annual consumption 

1 General usage of process within industry 

' 1 Current ~ources of energy 

·• Potential for· reduction of hot water requirements through conservation, process improv-

ments, waste-heat. recovery; etc.· 

2. Transferability potential 

• Similarity to other processes in same industry 

• Similarity to processes in other industries 

3. Solar suitability 

1 Geographic location of process. (nationally) 

• Seasonal and daily characteristics of process hot water requirements 

• Temperature level and energy usage rate· 

1 Typical physical configuration of process, plants containing process line, and immedi

ate vicinit1es (e.g., ava1labfl1ty of areas fo'r solar collector sitirig) 

• Availability of parallel process lines to_ allow comparison of solar to conventional 

system 

1 Potential for integration of solar energy system. into existing process system; ease 

of interfadng with exhting equipment 

In addition to the above, some less quantifiable criteria were necessarily considered, such 

as the availability of necessary information from the plant, company and industry selected, and the 

general willingness of industry personnel to cooperate in the _program. The latter consideration was 

felt to be extremely important to ensure the smooth operation and success of the program and to aid 

in future widespread implementation of solar energy hot water systems·1n industry. 

2.2 SELEC.:TION RATIONALE. 

The selection c·riteria discussed in the section above were employed to identify the primary 

candidate industries, and from these the industry most suitable for a solar hot-water demonstration 

program was selected. After a specific industry was chosen, the various processes using hot water 
··. 

within that industry were studied and a decision was made on which process was mbst compatible with the 
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de100nstration's objectives. The details of the selection procedu_res_ arEl given in the following sub

sections. 

Before discussing the detailed selection procedure, it is important to consider the total en

er.gy consumed in process hot water. The data from various ·so~rces (Ref~rences ·2-4. and 2-5) indicate 

that process hot water is a ~ignificant consumer of energy on a national· b~g~s; re~uiring about 

3 x 1018 joul~s p x_l~ 15 Btu) in 1975 .. Table-1 summarizes-the energy.consumed by_industry and 

the relative importance of process hot water. It also is relevant to note the energy· sources for 

industry. As shown in Table 2, natural gas is the primary constituent of industrial f~e~ usage; in 

fact, it is also the primary fuel used in hot water generation. It can thus be anticipated that the 

current problems with domestic gas cost and supply will be quickly reflected ·in industries using 

large ainounts of process hot water, and this was tound to be true in conversations whh manufacturers. 

2.2.1 Industry Selection 

Prior to engaging in energy usage surveys of individual industries, an initial screening was 

performed to identify the JOOst likely candidates. The· industries which appeared to have ·the most 

promise were those consuming the largest amounts of energy. The six major industrial energy users, 

classified by the Standard Industrial Classification (SIC) categories, are_ given in Table 3. ·To-
• • • • • 0 

gether they consume three-quarters of all U.S. industry energy, with a total demand of over 26 x 1018 

joules (25 x 1015 Btu) annually. These six industries were examined in detail to isolate processes 

which consume significant quantities of energy for ~ater heating. In addition, the following indus

tries and processes (most of which are included in the six SIC categories of Table 3) were consid

ered individually, either ·because of previous indications of suitability or because of easy access 

to critical information regarding their energy consumption:· 

I Automobile manufacturing 

• cement 

I Dairy 

• Service industries 

I Electronics 

I Lumber . 

I Textiles 

I Canning 
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TABLE 1. INDUSTRIAL ENERGY CONSUMPTION AND THE ROLE 
OF PROCESS HOT WATER (1975 ESTIMATES) 

Item % of U.S. 1018 joules 
Total (1015 Btu} Consumed 

·=--·. - --

• Total u.s. Consumption 100 86 

• Total Industrial 
Consumption 41 36 

-- Process hot water 4 ~ 3 

- Proces.s steam 12 12 

- Direct combustion 
heating 11 10 

---: Electrical 10 8 

-- Miscellaneous 4 3 

NOTCS: 

1. 1975 consumption estimated using data provided by 
Lawrence Livermore Laboratories (Reference 2-4) 
and Federal Energy Administration (Reference 2-5). 

2. Process hot water consumption estimated. 
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.TABLE·2. ENERGY SOURCES FOR INDUSTRY 
(ESTIMATED FOR 1975) 

Source % of lndu$try 10 18 joules 
Total (1 015 Btu) 

~=--- ---,=· -··· .. ·-

Natural gas 43 16 ( 15) 

Coal . 26 10 (9) 

Petroleum 21 7 (7) . 

Electricity 10 3 (1) - -
TOTAL lOOX 36 (34) 

' 

Sourct: References 2-l and 2-4. 
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TABLE 3. MAJOR E~ERGY~CONSUMING INDUSTRIES BY SIC CATEGORY 

SIC Industry % of Industl"ia1 % of National 1018 joules (10 15 Btu) Energy Consumed Energy·Consumed 

20 Food & Kindred 
Procucts 8 3.3 2.9 (2. 7) 

26 Paper. g A 11 ied . 
Products 9 3.7 3.2 (3.0) 

28 Cherrr. ca 1 s & A 11 i.e j 
Products 20 8.2 7. 1 (6. 7) 

29. Petroleum & Coal 
Products 11 4.5 3.9 (3. 7) 

32 Stone, Clay & 
Glass Pr.:>ducts . .9 3.7 3.2 (3.0) 

33 Prim: ry r~e t.:ll 
I1dustri~s 19 7.8 6.7 (§A) - -

TOTALS 76% 31% 26.9 (25.5) . 
Source: R~ferences 2-1 and 2-4. 



• Glass 

1 Pharmaceuticals 

1 Paints 

• Plastics 

1 · Rubber 

1 Aluminum 

· 1 Steel and iron 

1 Copper 

• Coal 

1 Ceramics· 

• Mining 

1 · Bottle washing 

To eliminate industries having relatively low hot water consumption rates and to provide a 
ranking of the remaining ·candidates, information was sought concurrently from published summary re

ports (e.g., References 2-l to 2-8), trade journals, trade associations, government agencies, and 

direct contact wi.th individuals in industry. In the course of this investigation it was found that 

many of the industries. listed above did not use significant quantities of process hot water. Other 

industries, while consuming large amounts of hot water, were eliminated because the energy they used 

for heating water came primarily from waste heat sources rather than burning fuel. A few .industries 

were deleted from further consideration beiause of their being predominantly located in urban and 

high population areas, thus adversely affecting their "solar su1tability." The final selection nar

·rowed to the following four industries: 

1 Paper and pulp products 

1 Dairy products 

1 Textile dyeing and finishing 

• C:;mnin!J. 

Of the four. industries lis ted above, the paper and pulp industry (SIC 26) has the largest 

total energy consumption, amounting to 10 percent of the nation's total industrial consumption. How

ever, statements by plant engineers indicated that most of the energy consumption for hot water could 
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be met by waste-heat recovery from the numerous high temperature processes encountered in paper and 

pulp mills. The industry was therefore not considered further for a solar hot water demonstration 

program. 

Both the dairy and textile industries consume large amounts of energy, a sizable portion of 

which goes into the production of hot water. In 1974, the dairy industry (SIC 202) used a total cif 

over 105 x 1015 j/year (100 x 1012 Btu/year) and the textile industry (SIC 22) consumed a total of 

338 x'l015 j/year (320 X 1012 Btu/year). The dairy industry is concentrated most heavily in the 

north central region of the United States,.whereas the textile industry is located mainly in the 

south. Moreover, the industries tend to be situated in rural and suburban areas where ample land 

area is available for solar collectors. Hence ·both the dairy and textile industries may be well 

suited for using solar energy for supplying their hot water energy requirements. 

The canning industry was found to use large quantities of hot water almost universally, at 

temperatures ranging from about 60°C to 100°C (140°F to 2l2°F), for can washing, plant and equipment· 

cleanup, blanching, pasteurizing, cooking, sterilizing, and various other processes. The industry 

as a· whole (sic 203- tanned, Cured and Frozen Foods) consumed nearly 137 x 1015 .joules (130 x 1012 

Btu) of purchased fuels and·electricity in 1974; nearly two-thirds of this was by the portions of 

the industry directly involved in.canning (i.e., excluding frozen and dehydrated foods). The cann1ng 

industry is estimated to use approximately 25 percent of its total energy consumption in hot water. 

The industry is distributed all over the U.S., but California accounts for a large fraction 

of the total production -about. 35 percent of the canned fruits and vegetables produced in the States 

are from California. The plants are generally locat~d near agricultural areas and thus tend to be 

in rural, low-population regions. These areas also tend to have high annual insolation, and the 

peak canning period occurs during a period of high insolation (May to October). Also the canning 

industry, represented by the National Canners Association (NCA), had already been very active in 

energy problems and when contacted during the study showed a strong interest in cooperation on the · 

program. 

In light of the above information, canning was selected for the current program. The canning 

industry has a clear-cut. large demand for hot water, and its general "sola.r suitability'' is_.excel

lent. · Also, as California is a large producer of c:anned goods, convnun1cations w1th industry repre

sentatives and data acquisition is facilitated. Finally, the interest and aid of NCA is considered 

to be an immensely important positive factor in assuring the general success of the demonstration. 

program. 
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NCA's communication channels with the industry were used for the final selection of a plant. 

After. consider.ation of canning plants in the local area (Northern California), the Campbell Soup 

Company plant in Sacramento was identified as being appropriate for this program. Subsequently cor

Porate approval· was received from Campbell to work with that plant. The plant is an ideal choice 

for several .reasons: 

1. It operates nearly all year, which will allow testing of the solar system over varying 

seasonal conditions 

2. It is near the Acurex corporate headquarters in Mountain View, thus facilitating communi

cations and construction 

3. It is a large plant,' with numerous process lines for comparison 

4. It is a modern plant, using state-of-the-art technology and equipment, and thus being rep

resentative of the canning industry for the near future 

Once the selection of an industry and a particular plant was finalized, it still remained· to 

select a specific process for the demonstration program. Details of the selection are given in the 

subsection below. 

2.2.2 Process Selection 

The hot water uses as the Campbell Soup plant in Sacramento were investigated and are reviewed 

here. The total hot water demand at the plant varies between 1900 and_3000 1/min (500 and BOO gpm) 

during regular production shifts, and hits a peak of over 3800 1/min (1000 gpm) for an hour or so 

during the cleanup shift. Most of the hot water is heated in the boiler room by a combination of 

waste heat recovery and low. pressure (3.5 kg/cm 2 (5 psi)) steam heat exchangers. The hot water 

emenges from the boiler .room at a temperature of approximately 71 °C (160°F) ·and is transported to 

the various process areas. Booster heaters at the process are~s, using low pressure or medium pres-

· sure (14 kg/cm 2 (20 psi)) steam, then raise the temperature of the water to the desired level required 

for the particular process. A detailed diagram of the water heating system is shown in Figure 1. 

The major uses of hot water are in the following processes: 

1. Vegetable Blanching. Rice and beans are blanched with water at 96°C (205°F). There are 

three blanther& in the plant with a totc!l demand of z:m ·1/min l60 gpm) of hot water. This 

process is also seasonal and slacks off during summer months to make room for tomato 

. processing. 
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2. Meat Preparation. Water at a temperature of 96°C to 99°C (205°F to 2l0°F} is used for the 

defrosting of meat. The operation is a batch-type and requires about 1100 liters (300 

gallons} per hour (av~rage 19 1/min (5 gpm}}. 

3. As a Product Ingredient. Many products require hot water in their preparation. Again, 

these are batch-type operations, so that the water demand ·varies greatly. It is esti

mated that between 380 and 760 1/min (100 and 200 gpm} of water is required on the average. 

4. Can Washing. This is a year round operation with a hot water supply at tempera-

atures of 82°C to 88°C {180°F to 190°F). There are 20 parallel can washing 1 ines, with 

the converted lines requiring 38 to 57 1/min (10 to· 15 gpm) and unconverted lines about 

double that amount. In converted lines, the hot water used for washing the empty can is 

reused for washing the filled cans. In the unconverted lines, fresh hot water is used for 

both processes. The total demand for the can washing operation is approximately 1100 

1/min (300 gpm). 

5. Hydrostatic Cookers. The hydrostatic cooker consists of two open columns of hot water 

that balance the steam pressure in an enclosed steam dome. The average temperature of 

water in the cooker is around 93°C (200°F) and the total volume about 30,000 liters (8000 

gallons). The unit is drained and refilled only once a week. It is refilled with cold 

water and then heated by contact with the steam in the dome. 

6. Cleanup Operation. This operation demands the largest volume ·of hot water usage in the 

plant. Cleanup usually takes place during the third shift, an·d for about an hour the 

hot water demand may be as h.igh as 4900 1/min (1300 gpm). The tempe.rature of water drops 

to 66°C (150°F) or lower du"ring these periods. In addition to the major cleanup, there 
. . 

is a 4 to 5 minute cleanup period per machine every hour during the regular shifts. 

Of all the hot water uses at the Campbell. plant, can washing offers the best choice for a 

demonstration of the feasibility of· solar hot water application. The U and V lines are particularly 

suited for this p~rpose. Some of the reasons for choosing can washing, and lines U and V in particu-

lar, are given below. 

, The main advantage of the can washing process is the availability of numerous paraJlel 

lines for comparison purposes. The performance of two similar lines, one of which has 
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been converted to solar, can be monitored and evaluated. U line will be used for the 

solar demonstration and the adjacent line will be used as the comparison line. 

• Can washing has the single largest demand for hot ·water in the plant during the regular 

shifts. However, the demand for each line is only around 57 1/min (15 gpm), which is not 

excessive for an experimental solar system. Following a ·successful experiment, other 

lines can be converted easily without any need for major design reevaluation of the basic 

solar collecto-r system. 

• Can washing is one of the few processes which requires a contim1ous supply of hot water. 

Batch-type processes where the demand is discnntinuous would rcquir! a l~rqer stor~gP 

system for the hot water. In addition, monitoring o_f flow rates, temperatures, etc. 

would require more sophisticated equipment 'to account for and record the variations. 

-Evaluation of results and comparisons would also be more difficult if the variations were 

irregular. 

• The location of the U and V lines within the plant is ideal for the solar experiment, 

since ample rooftop area is easily accessible. The control system and data acquisition 

system can be installed {n a stairwell directly outside the washdown area. The storage 

tank can be placed either in the courtyard or parking lot in the immediate vicinity. 

• The terrperature level required for· can washing is fairly typical of that required for 

many other processes. Thus, the system design for this experiment ~hould b! easily 

transferrable to other applications. 

2.3 PROCESS DESCRIPTION 

The process selected for this demonstration program is the can washing process which occurs 

as a part of a soup manufacturing production line. Can washing occurs at two points along the line. 

First, the empty cans are. thoroughly washed with hot water and sterilized. Then the cans, after 

being filled and sealed, are washed to remove any spilled food residue from the extP.r"ior. All of 

the production lines at the Campbell Sacramento plant stt~rt out with fresh hot water from the mains 

for em('lty can wi!shing. lh! cunverlt!d lines then reuse this water to accomplish filled can washing. 

The unconverted lines use separate supplies for both empty can and filled can washing. 
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Line U, which will be supplied hot water by the solar collector system, is used for the manu

facture of chicken noodle soup during the regular season. Line V, which will be monitored for com

parison purposes, is used for beef noodle soup. The processing rates and the can sizes for both 

lines are similar. The cans are 8.73 em (3-7/16 inches) in diameter and 11.59 em (4-9/16 inches) 

in height. In August and September, during the tomato harvesting season, both lines U and V change 

over to processing tomato soup . The two lines are then exactly identical both in product and process 

during that time period. 

The can washing devices are quite simple in operation . The empty cans are conveyed through 

the washers on six metal rails which form a cage. The empty washer itself is a sheet metal enclosure 

approximately 2.4 m (8 ft) long and has a water supply tube with a series of eight nozzles located 

along one lower corner. During the transit through the washer the rail cage is twisted through an 

angle so that all surfaces of the can are exposed to the fixed streams of hot water. For the con

verted lines, the hot water draining off from the empty can washer flows into a sump below the 

filled can washer. Part of this water is fed with detergent and sprayed into the first section of 

the washer through a bank of 18 nozzles. The remaining hot water from the sump is then used to rinse 

off the filled cans in the second section of the washer, which is equipped with 19 nozzles. A sche

matic diagram of the can washing process is shown in Figure 2. 

The hot water supplied to the can washing line must meet the following requirements: 

• Flowrate. A continuous supply of hot water is required at the rate. of 47.3 1/min (12.5 gpm). 

• Pressure. The supply pressure must be at least 42 kg/cm2 (60 psi). 

• Temperature. The temperature of the hot water must be within the range of 82°C to 9l°C 

(180°F to 195°F). 

• Duty Cycle. The can washer must be supplied with hot water during the first two shifts 

(and partly during thP r.lP.anup shift). There is a 4 to 5 minute cleanup period every 

hour. The plant normally operates 5 days a week. For 4 to 6 weeks during harvest season, 

the plant operates 6 days a week. The plant is shut down for 2 weeks beginning June 18th 

and 1 week at Christmas. 

2.4 ENERGY CONSUMPTION 

Process het water consumes more energy than any other hot water process at the Campbell plant 

at Sacramento. A breakdown of the energy usage for can washing is shown in Table 4. The annual 
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TABLE 4. ENERGY CONSUMPTION FOR CAN WASHING PROCESS 
AT CAMPBELL SACRAMENTO PLANT 

Basic Energy Actual Fuel bbl Oil 
Item Demand Energy Required Equivalent joules (Btu) joules (Btu) 

Hourly consumption. rate 790 X 106 1.3 X 10 9 
0.22 per converted line (750 X 10 3 } (1.2 X 10 6 ) 

Daily consumption 12. X 109 18 X 109 
3. 1 per converted line (11 X 10 6

) ( 17 X 106 ) 

Annual consumption 3.0 X 10 12 4.4 X 1012 
760 per·converted line (2.8 X 10 9 ) (4.2 X 109 ) 

Annual consumption, 88 X 1012 134 X 1012 
22,990 all can washers (83 X 109 ) (127 X 109} 

17 
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demand per converted'line is 3.0 trillion joules (2.8 billion Btu). Since the converted lines reuse 

hot water for filled can washing, they have half the energy demand of the unconverted lines. The 

plant has approximately an equal number of converted and unconverted lines. The annual demand for 

energy for the whole can washing pro·cess .is thus estimated to be 88 trillion joules (83 billion 

Btu). 

The actual energy consumed by the can washers exceeds this amount due to inefficiencies and. 

losses at various ·points .in the production and delivery of hot water. Industrial boilers of the. 

type us·ed a·t the Campbell plant generally have an efficiency of 80 percent. There is, therefore~ a 

. 20 percent· energy loss in the generation of steam .for heating water. Another 10 percent of the en

ergy supplied is assumed to be lost in the steam-water heat exchangers. Finally, losses due to dis

sipation of heat from steam and hot water piping are estimated to be around 10 percent for the plant. 

The overall efficiency for the production of process hot water then amounts to.65 percent. On this 

basfs, the actual fuel energy required for can washing has been calculated to be 134 trillion joules 

(127 billion Btu) per year. This amount of energy translates to burning about 23.,000 barrels of 'oil 

a year for the can washing process alone. 

A tabulation of the energy consumption, in terms of actual fuel energy· required, is given in 

Table 5 for the various processes using hot water at the Campbell plant. Most of the hot water re

quired is in the 82°C to 99°C (180°F to 2l0°F) temperature range. The total energy consumption . 

amounts to about 326 tr1111on joules (310 billion Btu) per year. It. would require approximately 

56,000 barrels of oil per year to satisfy this energy requirement. 

The energy consumption can· be reduced substantially by a. program of stringent energy conser

vation techniques. The rising cost of energy, and the scarcity of fuel (such as the natural 

gas currently used b.Y the plant) will result in a mnre concerted effort to conserve energy in the 

near future. A study of the hot water system at the plant in Sacramento indicated that there are 

three major areas for energy conservation. These are waste heat recovery, condensate return, and 

reduction of heat losses (insulation). An estimate of the energy conseryation potential is shown 

in Table.6. The total possible energy savings amount to 87 trillion joules (82 billion Btu) per 

year. This is a 'substantial fraction (approximately 25 percent) of the total energy consumption 

for process hot water. It should be noted, however, that this figure represents a limit. As·men

tfoned above, the plant already employs standard conservation techniques. Further energy savings 

can be realized but the cost of equipment. rfses sharply as the 1 imit as approached. A detailed 

economic analys.is, taking into account projected fuel costs, would establish the optimal level of 

conservation at the plant. 
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TABLE 5. ENERGY CONSUMPTION FOR PROCESS HOT 
WATFR AT CAMPBELL SACRAMENTO PLANT 

Temperature Energy 
. Consumption Process Level 1012 ~oules/year oc (oF) (10 Btu/yr) 

Blanching 96 (205) 26 (25) 

Product Ingredient 99 (210) . 69 (65) 

Meat Preparation 99 (210) . 2 (2) 

.Can.washing 82-91 (180-195) 134 ( 127) 

Cleanup 60-71 ( 140:-160) 48 (46) 

Others 82-99 (180-210) 47 {45) 

Total 326 (310) 
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TABLE 6. . ENERGY CONSERVATION POTENTIAL AT 
CAMPBELL SACRAMENTO PLANT·· 

Energy Savings 
1012 j/yr (10 9 Otu/year) 

Conservation -
. Methotl Temperatures lemperatures 

~elow 66°C Above 66°C 
(150°F) (150°F) 

-----

Waste Heat .34.1 
Recovery (32.3) 

Condensate 22.8 
Recovery ( 21. 6) 

Insulation 6.1 23.1 
(5.8) (21. 9). 

Total 40.2 45.8 
(38. 1) (~3.5} 
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SECTION 3. 

ENERGY IMPACT 

A ma~or objective of this experimental program is to provide information which will aid in 

assessing .the potential impact of solar energy technology on industrial process hot water energy 

consumption in the futur;e. In this section·, information gathered during the Phase I design effort 

is used to make a preliminary as.sessment of that potential impact. The performance of the solar 

water heating system at the Sacramento plant is compared to the can washer energy requirements in 

Section 3.1. Utilizing this performance data in conjunction with an .assessment of significant 

characteristics of the canning industry, an estimated energy impact is detenmined.in Section 3.2. 

A further extrapolation is made in Section .3.3 to estimate the potential impact on other industries. 

3.1 ENERGY PROV IDEO BY SOLAR WATER HEATING SYSTEM 

A detailed evaluation of system performance is presented in the Design and Performance Report 

(submitted concurrently with this report). The results of that analysis are given in Table 7 for 

Sacramento, A 1 buquerque and Omaha, for a 365-day year. Allowing for the time periods when the can 

washing lines are inoperative (and thus collected solar energy is not ·usable) these numbers are 

reduced by a factor of 0.96 (see Section 2). The energy demand for the U line can washing hot water 

is shown in Section 2 to be 3.0 x 10 12 joules/year.(2.8 x 10 9 Btu/year). Based on these figures, the 

net solar contribution was calculated and is shown in Table 8 for the three locations. The informa

tion in this table should be interpreted carefully, since the system design is optimum for Sacramento 

and probably not optimum for Albuquerque or Omaha. In fact, a·si9nificant attribute of the "mixed 

field" concept (i.e., flat plates and concentrators) developed by Acurex is the inherent ease of 

optimizing for various locations by adjusting the field mix (fraction of flat plates versus fraction 

of concentrators). The cost-optimization p.rocedu~e employe.d to arrive at the field mix for the base-

. line (Sacramento) system design is presented in Section 2 of the Design and Performance Report. This 

field mix- 41 percent concentrators, 59 percent flat plates on the basis of effective collector area

could vary significantly if the cost-optimization were performed for Albuquerq!.!e or Omaha, hecause of 

differences.in direct/diffuse radiation, ambient temperatures, etc. 
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Day 

Feb 21 

Apr 21 

Jun 21 

Aug 21 

Oct 21 

Dec 21 
j 

Annual Average Daily 

P.verage Total Yearly . 
(Average Daily x·365) 

TABLE 7. SYSTEM USEFUL ENERGY 
Fla.t Plate Collector Field = 4134 ft 2 (384.1 m2 ) 
•Concentrator Field = 2880 ft 2 (267.6 m2 ) 

.. 
Location 

Sacranento Omaha -;, -. 
. -::· c . -

~ . qu -

- -· 
MBtu/Day MJ/Day MBtu/Day MJ/Day; 

; ·~ 

.. 

3.57 3765 2.63 ~773 -
6.57 6928 4.54 4787 - '· -
9.17 9670 6.49 6844 

8.79 9269 6.29 6633 . 

6.29 6633 -4.86 5125 -

2.59 2731 3.20 3374 

6.16 6496 4.67 4925 

2.25 x 109 Btu 2.37 x 106 MJ J.]O X 109 Btu 1 .79 X 1 0~ r-l.J . 

~ 

·' 
' 

Albuquerque 

i 
qu 

MBtu/Day MJ/Day 
, 

5.59· 5895 

6.44. 6791 
. ~ 8.55 9016 

7.63 8046' 

6.93 7308 

5.83 . 6148 

.. : 6.83 7201 

~.2.149 x 109 Btu 2.63 X 106 MJ 

• 
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TABLE 8. ANNUAL ENERGY CONTRIBUTlON-BY SOLAR 
WATER HEATING SYSTEM 

' 

,_, .. Total Collected · F~acti'on~-:crf~ Energy · · • I ·I Location 10 12 joule/yr ~oad P'rovide~ 

. ( 1 09 · Btu/ yr) by Solar l 

Sacramento 2.28 .77 
(2.16) 

.. 

-
Albuquerque 2.52 .85 

(2.39) 
Omaha 1.72 ', .58 

( l. 63) 

.. 
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As indicated in Table 8, the fraction of the can washer.energy load carried by the solar 

energy system is about·77 percent. This is believed to be near the cost optimum for future large

scale systems, based on general experience in solar energy systems of various types and 9n the de

sign procedures used in this program. 

3.2 ENERGY IMPACT ON CANNING INDUSTRY 

It is necessary to extrapolate from the experience gained on this experimental program. to 

determine the potential impact of solar process hot water systems on the entire canning industry. 

Such an extrapolation is p~ssible because of general similarities between the operation of the 
. . . 

Campbell Sacramento plant and,that of other canning plants. It should ~~_noted first of all that 

the can washing operation _i.s only one of many process hot water· usilye:> at,.,t,he Sacramento plilnt and. 

most other canning plants. In a full-scale solar water heating system, .i~ .~ould be economically 

optimum to supply hot water for a multiplicity of processes to provide a greater ·diversity in the 

net load, and thus a better utilization of the collector field output. "The can wBhing process 
. . 

was singled out for this program largely because the characteristics o.f the process (uniform daily 

load, existence of comparison lines, etc.) are extremely advantageous for the purposes of the experi-. 

ment. Based _on an excellent knowledge of the plant operations, Acurex strongly believes that our 

basic solar energy system design developed for the can washing application would be applicable to 

the full-scale system, providing process hot water to the entire plant. This system concept has 

tremendous fl.exibil ity for different applications by varying such items as field mix, total collec

tor area, flat plate t1lt angle, concentrator alignment (e.g., north-south, east-west, etc.) and 

storage volume. Thus there is good reason to believe that a future scaled up system could ·provide 

pr_ocess hot water at a level proportionate to the current system; e.g., in the range of 70 to 80 

percent of the load. "Order-of-magnitude calculationS ShOW that there ls dUt:4U4te I'OCif and land 

area at the plant to do so. 

The discussion in this section is directed at the remainder of the canning industry. The 

approach ta keu h. Lu: 

l. Consider seasonal and geographic variations in hot.water demand and solar rad1at1on lev~ls 

(Section "3.?.1) 

2. Consider the hot water energy usage 1n canning p1ants t.:UIIII.Jdr·ed to incident sOlal" rad1a

tion on the plant area (Section 3.2.2) 

3. Estimate the optimum level of solar substitution {fraction of load car.ried by solar) in 

the industry,· bas.ed on geographic variation of key parameters (Section 3.2.3) 
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4. Factor in the industry's estimated process hot water consumption to determine the net 

potential for energy substitution with solar 

3.2.1 Seasonal and Geographic Variation 

The distribution of canning plants in the United States is shown in Figure 3. Lines of constant 

average solar radiation are superimposed on the figure for the contiguous states. There is a heavy 

concentration of canni~ plants in the northeast, where the level of average insolation is lower than 

in most other parts of the country . However, fuel costs are higher in the northeast. The region, 

therefore, does have a strong potential for solar application. It should also be noted that the number 

of canning plants in a certain area· does not directly reflect upon the energy usage in that area. As 

is demonstrated in the rlext section, the West generally tends to have larger plants, and they consume 

more energy than their counterparts in the rest of the nation. 

The energy consumption pattern in the canning industry varies markedly with the time of the 

year. The highly seasonal character of fruit and vegetable harvesting causes the industry-wide pro

duction to increase sharply during the summer n~nths. Peak use usually occurs in September when produc

tion is highest. During the other months, some plants switch to processing foodstuffs other than fruits 

and vegetables while others shut down altogether in winter. Figure 4 shows the variation in total energy 

consumption with season (Reference 3-1). The ratio of peak to average energy consumption for the yeat 

1974 was calculated to be 2. 1. For comparison purposes, the variation of solar irradiation on a flat 

horizontal surface with the months of the year, for four different national geographic regions, is 

shown in Figure 5 (Reference 3-2). Peak solar radiation usually occurs in June. By September, when 

energy demand is highest, the levels of insolation are only about 1.1 times the average values. In

solation level alone, however, is not the only factor which governs the output from a solar collector. 

Other important parameters which influence solar energy conversion are ambient temperature, wind vel

ocity, cloudiness, ·etc. When these factors are taken into consideration, the energy delivered by a 

solar collector becomes a maximum around September in many locations. The supply of energy by solar 

means hence tends to follow the pattern of demand in the canning industry. 

The daily duty cycle varies from plant to plant. Some large plants, such as the Campbell plant 

in Sacramento, which process a wide variety of food products, operate on two regular work shifts a 

day throughout the year . The Sacramento plant closes down during the weekends except during the 

harvest period when it may run 6 or more days a week. The energy requirements for hot water are more 

or less constant throughout the two regular shifts, but hit a peak shortly ~fter midnight due to the 

increased demand for hot water during cleanup. There is very little variation in energy consumption 
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with season. On the other hand, smaller canning plants usually operate on two shifts during the 

harvest season and change to a·single shift for the test of the year, or in some cases shut down 

completely for part of the year. 

3.2.2 Plant Size and Incident Energy Levels 

The breakdown of the number of plants and the total production by geographical unit and SIC 

category is shown in Table 9 for 1972 (Reference 3-3). The average production per plant in terms of 

dollar value t~taled for all three SIC categories is also shown in the table for each of the four 

geographic. areas. It is seen that the West (with California accounting for 75. percent of the produc

tion therein) has the largest number of plants, the largest total value of production, and the largest 

average production per plant. Hence, the West, and California in particular, not only manufactures· 

the greatest amount of canned goods but also has larger manufacturing facilities in general. 

A survey was conducted by a representative of the National Canners Association to determine the 

roof area available for solar collectors at typical canning plants throughout the country (Reference 

3-4). It was found that the roof area was approximately proportional to the plant production capacity 

,and averaged about 1000 m2 (0.25 acres) per million dollars production per year. Uncovered land 

area around the. plant building averaged an additional 70 percent of the roof area to bring the 

total plant area to approximately 1720 m2 (18,500 ft 2 ) per million dollars production per year. The 

average plant areas in the four ·geographic regions are shown in Table 10, based on the above estimates. 

The energy consumed in heating process water throughout the canning industry is estimated to 

be around 18.3 x f0 15 joules (17.4 trillion Btu) per year (Reference 3-5). The hot water energy con

sumption ,in the four geographic units under consideration is assumed to be proportional .to the total 

energy consumption .. The consumption levels in the different regions can then be calculated on the basis 

of this assumption, and are shown in Table 11. The distribution of the total energy consumption was 

derived from a study.of energy usage i-n· the food industries (Reference 3-6). Table 3 indicates that 

the canning industry in .the Western region of the U.S. uses more than half of the total energy consump

tion in the industry. The energy consumption per plant is also more intensiVe in the West. This is 

reasonable in light of the larger production levels and 'plant sizes encountered in that geographic . 

unit. 

The daily solar radiation on a flat horizontal surface is given in Table 12 for the four geo- , 

graphic regions of interest. Both average and September levels, when the energy demand is at a peak, 

are tabulated. The solar radiation is largest in the Western region which is fortunate as the energy 
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TABLE 9. NUMBEP. OF PLANTS AND PRODUCTION FIGURES OF THE CA~jiNG [NDUSTRY 

SIC 2033 · SIC 2032 SIC 2091 

Canned Fruits Canned and Cured Total Production Canned Specialties -
and Vegetables Seafoods per Plant 

106 $ 
No. of Production No. of Production No. of Productijn No. of Production 
Plants 106 $, Plants 106 $ Plants 10 6 $ Plants 106 $ 

211 689 47 644 68 106 326 1439 4.4 

299 968 41 602 15 17 355 1587 4.5 

259 68.6 52 366 96 93 407 1145 2.8 

269 1701 63 265 129 504 461 2470 5.4 

1308 4044 203 1877 308 720 1549 6641 4.3 
(average) 



TABLE 10. AVERAGE CANNING PLANT AREA 

,Region Average.Plant Area 
10 3m2 (1'0 3 ft 2

) 

Northeast 7.5 (81) 

Northcentral 7.7 (83). 

South 4.8 (52) 

West 9. 3 ( 100) 

Average 7.4 (80) 

'" 
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TABLE 11. ENERGY CONSUMPTION FOR HOT WATER IN CANNING INDUSTRY* 

Perc~ht Hpt Water Energy Hot.Wate.r Energy 
'-; 

t<egi on Total ·Energy Consumption Consumption per Plant 
Consumption 1015 joule (10 12 Bt~)· 1Q~2 joule {109 Btu) 

Northeast 10. 1 1.9 ( 1. 8). 5.7 (5.4) 
.. 

Northcentral 21.7 4.0 (3.8) 11.2 (10.6) 

South . 12.4 3.3 (2.2) 5.6 (5.3) 

West 55.8 10.2 (9. 7) 22.3 (21.1) 

Total 100 18.4 (17 A) 11.8 (11.2) (Average) 

* Actual fuel energy consumed 
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TABLE 12. INSOLATION ON. FLAT HORIZONTAL SURFACE 

.. ··~ 

Average Daily Daily Soiar.Ra~iation 
Region Solar Radiation , , in September . 

106 joules/m2 day 106 joul es'/m2 day 
(Btu/ft2 Day) · · (Btu/ft2 Day) 

Northeast 12.5 (11 00) 13.9 (1220) 

Northcentral 14.4 (1270) . 15.3 (1350) 

South 16.6 (1460) 17.5 (1540) 

. West 18.1 (1590) 20.7 (1820) 
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consumption is also greatest in that area. As the average· plant sizes are known for various regions, 

one can now calculate the solar energy incident upon a plant and compare it with the energy require

ments for process hot water used at the plant. This comparison is shown in Table·lJ and is discussed 

below. 

Table 13 lists the ratio of solar radiation incident upon the total plant area to the energy 

consumption to meet hot water requirements per plant. Both annual average and values during September 

are listed for the four regions·. It is seen that there is ample plant area to supply the. energy 

requirements for hot water, even. ciuring the period of' peak demand. In the West, where energy demand 

per plant is highest, 67 percent coverage of the plant area with solar ·collectors is sufficient to 

meet peak requirements. The above figures are·all for flat·horizontal collectors. In practice, in 

order to reduce the collector surface area, the flat plate collectors will be inclined at an optimal· 

tilt ·angle and the concentrators·will track the sun. The area of collectors required will be smaller, 

but the tota 1 area req.ui red may increase due to mutua 1 shading p.rohfems. Nevertheless, these ca 1 cula

tions show that in an aver~ge sized plant, the area required for solar collectors will not be a limiting 

factor. in·supplying the hot water requirements for the plant. 

3.2.3 Solar Substitution levels 

If solar energy is used as an alternate energy source for process heat, it is usually not econom

ically feasible to supply all the energy requirements by solar means. For the ca·mpbell plant at Sac

ramento, a detailed analysis indicated that 77 percent solar substitution was the optimal 

level. Such an analysis for other parts of the country and industrial plants with different duty cycles 

and energy requirements is not available. lof and Tybout (Reference 3-7) have calculated the pptimal 

solar substitution levels for various locations as apply to home heating.· lacking data for industrial 

process heating, the results of lof and Tybout are assumed to apply to process hot water as well. 

Their analysis indicates that for a location with less than 300 lanqle.vs/dav (1100 Btu/ft 2 day) of 

average annual sola1· radiation, the optimal substitution for hot water is 50 to !>5 percent, and this 

percentage rises to 75 to 80 percent for a solar incidence of greater than -500 langleys/day {1800 Btu/ 

ft 2 day). Using these numbers as guidelines, the optimal solar substitution values for the four regions 

were estimated and are given in Table 14. Weighing these solar substitution values with the fraction 

of energy consumed in each region, the average value of solar substitution in the conti9uous United 

States amounts to 68· percent. 

The amount of energy for process hot water that can be replaced by solar heating can now be 

estimated as is shown in Table 15. Solar energy has the potential of replacing about l2.6 x 1015 
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TABLE 1 J .. ·RELATIVE RATIO OF SOLAR RADIATION ON TOTAL · 
PLANT AREA TO HOT WATER ENERGY CONSUMPTION . ' :;_ . 

' 

.· Region Average Value in 
September 

Northeast 6.0 3.2 

Northcentral. 3.6 1.8 

South 5.2 2.6 

West 2.8 1.5 

-; -, 
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TABLE 14. ESTIMATED OPTIMUM SOLAR SUBSTITUTION 

Average Daily Optimum Solar Region Insolation Substitution Langleys 
(Btu/ft2 ) (Percent) 

Northeast 300 (ll 05) 58 

Northcentral 350 (1290) 63 

South 400 ( 1473) 68 

West 430 (1584) 7? 
• 
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TABLE 15. POTENTIAL SOLAR ENERGY REPLACEMENT IN CANNING INDUSTRY 

Present· Potential Solar 
Consumption Substitution 

1015 joules/year 1015 joules/year 
(1Ql 2 Btu/year) (10 12 Btu/year)· 

Process Hot Water 18.4 (i 7.4) 12.4 {11 .8) 

Low-Temperature Steam 6.0 {5. 7) 2.7 (2.6) 

Total 24.4 (23. 1) 15.2 (14.40) 
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joules/yr (12 trillion Btu/yr) of fuel energy presently used for heating water in the canning industry. 

As many of the collectors available for generating high temperature hot water are also capable of pro

ducing low temperature steam, it is of interest to calculate the amount of energy used to produce 

low temperature steam in the canning industry~ This amount of energy is estimated to be 5.7 trillion 

Btu/yr throughout the nation. 

3.3 IMPACT ON OTHER INDUSTRIES 

The solar collector design for providing process hot water for can washing can be applied to 

other industrial processes with very few modifications. The_combination of flat plate and concen

trating collectors can also be employed to generate low temperature steam. The impact of solar en

ergy on industry is, therefore, po~entially quite significant as hot water and low temperature steam 

are used extensively in many diverse industrial processes and the total energy consumed in these · 

~rocesses is very large. To judge the impact quantitatively, however, has been difficult up to now 

due to lack of specfffc data on energy consumption for process hot water or steam and the correspond

ing temperature ·leve·ls involved. Recently, Battelle Laboratories and Inter Technology Corporation 

have compiled data for the application of solar energy to industrial process heat (References 3-8 

and 3-9). The following discussion is based mainly on the preliminary results from th~ RattPllP 

study. 

The energy consumption for various industries using substantial quantities of hot water and 

low temperature steam is summarized in Table 16. Most of the hot water used in industry is between 

60°C and 99°C (140°F and 210;F). The Frasch sulfur extraction process is the only one that uses 

large amounts of pressurized hot water in the industries shown in (about 140 trillion Btu/yr). The 

optimal solar substitution level for each of these industries can be calculated by a process similar 

to that described in the section above for the canning industry, although the data available regard-

ing geographic distribution, seasonal variation, etc., are not as accurate or extensive as those for 

the canning industry. The potential for replacing the energy used for hot water in various indus

trles was estimated and is shown In Table 16. It is seen that for the partial list of industries 

tabulated, the solar substitution potential is over 85 x l0 1s joules (80 trillion Btu/yr). 

As was mentioned above. concentrating solar collectors can be used to produce low temperature 

steam with little change in the basic design. The energy consumed in producing steam below 177°C 

(350°F) for various industries is shown in Table 16. For the industries listed, the total energy_ 

consumption exceeds 610 x l0 1 s joules (580 trillion Btu/year). To estimate the solar impact of 

these processes, data on. optimal solar substitution levels for these processes must be known. Lack

ing this data, it was assumed that for steam below 150°C (300°F), the optimal substitution percentage 
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TABLE 16. HIDUSTRIAL HOT WATER AND STEAM ENERGY CONSUMPTION AND SOLAR SUBSTITUTION POTENTIAL 

Hot Water Low Temperature Steam 

Potentia 1 I Potential Industry Temp Energy Temp Energy 
(SIC Number) Level Consumption Solar Level Consumption Solar Geographic Location 

Substitution Substitution 
oc 1015 j/yr 1015 j/yr oc 1015 j/yr 1015 j/yr : 

(oF) (1012 Btu/yr) (10 12 Btu/yr) (OF) (1 012 Btu/yr) · (10 12 Btu/yr) 

Canning 60-8g I 18 12.6 121-14g I 6.3 3 West, Nortnc~ntral 
(2032. 2033. 2091) (140-210) (17) (12) (250-300) ! (3.2) I ' ' 
Dairy Products 60-100 I 8.4 5.3 121 47.4 . 21 West, Northcentral 
(202, Excluding 2023) (140-212) (8) (5) (250) ( 45) (20) 

Sulfur 163 46.4 18 Gulf Coast, Texas, 
( 1477) (325) (44) (17) Louisana 

Pulp & Paper 160-177 145 50.6 South, Northcentral 
(261, 262) (320-350) ( 137) (48) 

Automobiles & Trucks 49-82 13.7 7.4 <177 1 0.5 
(371) (120-180) ( 13) (7) (<350) (1) (0.5) 

Chlorine/Caustic 71 21 14.8 <177 95 34 West, near salt deposits 
(2812) (160) (20) (14) (<350) (90) (32) 

Potassium <100 4.2 3.2 <177 2.1 1 California, New Mexico 
Chloride ( <212) (4) (3} ( <350) (2) {1) 

Glass -'60-82 8.4 5.3 <177 3.2 1 
(321, 2322) (140-180) (B) (5) ( <350) (3) (1). 

Copper 57-66 14.8 11 West 
(3331) ( 135-150) ( 14) (11) 

Sugar 124-143 77 36 West, Midwest 
(206) . (255-290) (73} (34) 

; 

Textiles . 38-100 9.4 7.3 121-149 208 106 Southeast 
(22) (100-212) (9) (7) (250-300) (199) (1 00) -
Concrete Block & <177 14.7 5.3 
Brick (3271 :1 . (<350 (14) ( :. ) 
Lumber· <100 4.2 2.1 <177 13.6 4.2 

(<212) (4) (2) (<350) ( 13) (4) 

Total 148 87 610 260 
(141) (83) (583) (248) 
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was two-thirds of the values estimated earlier for hot water, and for steam between 140QC and 177°C 

(300°F and 350°F), the optimal level was_half that for hot water. These assumptions were based on 

the fact that solar collector efficiencies tend to drop with higher fluid temperatures, and hence 

tend to be less competitive with conventional fuel burning equipment at high temperatures. The 

energy that can be replaced by solar means for low temperature steam generation is about 260 x l0 1s 

joules (250 trillion Btu} per year for the industries under consideration. Hence, the total energy 

replacement potential for process hot water and low temperature steam is over 343 x l0 1s joules 

(325 trillion Btu} per year. 

As the· cost· of fuel increases,· a program of stringent energy conservation will in all likeli

ho.od be instituted simultaneously with a shift towards alternate energy systems. It is estimated 

that about 20 percent of energy now consumed could be saved by an _intensive energy conservation pro

gram throughout industry. The potential s.olar substitution levels will therefore change downwards 

by that amount. For hot water, solar energy could then contribute as much as 69 x 10 1s joules 

(65 trillion Btu}/year·, conservation would account for 30 x 10 1s joules (28 trillion Btu}/year, and 

the other 48 x l0 1s joules (45 trillion Btu}/year required for the industries shown on Table 16 

would come from conventional fuel burning. For low temperature ·steam, solar energy could supply an 

estimated 210 x l0 1s joules {200 trillion Btu}/year, with the conservation measures saving about 

130 x l0 1s joules {120 trillion Btu}/year and the remaining 270 x 10 1s joules (260 trillion Btu}/ 

year would be generated by regular fuels. The total solar substitution potential for.both hot water 

and low temperature steam still exceeds 260 x l0 1s joules (250 trillion Btu}/year. 
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SECTION 4 

ECONOMIC ANALYSIS 

This section of the report presents the results of the economic analysis for the Acurex solar 

water heating system design versus a conventional fossil fuel system. The section is subdivided into 

three parts. In the first, the economics for the Albuquerque and Omaha locations are presented for a 

no-fuel.-cost-escalation assumption, and for a five-percent (compounded annually) assumption. This is 

the analysis requested by ERDA and was performed using the. Acurex FPS computer code (see Appendices A, 

B, and C). 

Section 4.2 presents the economics for the Sacramento. location. The analysis was performed 

using cost inputs b.ased on the initial ERDA assumptions and industry practices. It is of interest to 

compare these costs with those computed for the Albuquerque and Omaha locations; since Sacramento will 

be.the actual location of the proposed solar system. 

Finally, in Section 4.3, the economics of the Sacramento location are examined further, taking into 

accountanticipated reductions in system costs, estimated Californi.a fuel cost escalations, an in-

creased Federal investment tax credit, and an accelerated depreciation method .. These cost inputs are 

assumed to apply in 1980 and represent a realistic estimate of the economics of this proposed system 

in the near future. 

4.1 ECONOMIC ANALYSIS: ERDA GUIDELINES 

This section presents the results of the economic analysis for the Campbell hot water solar 

system for both the Albuquerque and.Omaha locations. The calculation performed here·uses the same 

input parameters that were suggested in ERDA's guidelines (see Appendix B) with the exception of the 

boiler end-use efficiency. A va 1 ue of 0. 65 rather than 0. 7 was used and accounts for the 1 asses in 

the boiler and transmission to the can washer. The analysis was also performed for a five-percent 

annual fuel cost escalation. The installed system costs are summarized in Table 17. The total system· 

cost was lowered by $38,782 to agree with the labor rate of $15/hr suggested b.Y ERDA. 

Table 18 presents the results of the analysis. These results indicate that the required in

vestment in the solar system is .too high for the fuel savings realized to be economical over a· 20 

year life. The investment of $260,951 represents an installed cost of $370.71/m2 ($34.44/ft 2
) 
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TABLE 17. ESTIMATED INSTALLED SOLAR SYSTEM COST: . 
SACRAMENTO 

Cost per UnH 
Material Labor Total Cost Area" 

Item $ $ $ $1m2 ($/ft 2
) 

Site rrcparation £,100 r;lOO 2.98 (0.28) 
(Remove, replace fence 
prepare for drain, cranes! etc. 

Collectors 
Flat plates 44,493 17' 766 62;259 88.45 (8.22) 
Flat plate support structure 8,316 12,002 20,318 28.86 (2.68) 
Concentrators 38,246 20,446 58,692 83.36 (7.75) 
Concentrators support structure 4,700 7,520 12,220 17.36 (1.61) 

Storage Tank System 15,901 8,181 24,082 34.21 ( 3. 18) 

Interface with Existing Plumbing 612 154 766 1.09 (0. 10) 

Piping, Valves, Ducting 12,818 20,989 33,807 48.02 (4.46) 

Insulation -Pipes and Tank 4,200 8,400 12,600 17.90 ( l. 66) 

Electrical Work 2,600 8,676 11 ,276 16,02 ( 1 .49) 

Controls 13,875 15' 526 29,401 41.76 (3.88) 

Roof Repair and Water Proofing 2,600 6,115 8,715 12.38 ( l. 15) 

System Checkout Q 9.662 9.662 13.72 (1.27) 

Concentrator Interface 11 ,238 11,238 15.96 ( l. 48) 

Others (taxes, overtime, etc.) 1,037 1,560 2,597 3.69 (0.34) 
···--·-·· 

TOTI\L 1~9.398 1501335 :!991733 425.76 (39.55) 

aAreo u3ed here·is totol gt·oss collector creii (704.3 u1 1 or 7!:i78 FL 1
) 

;· 
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TA3LE 18. ECONOMICS OF CAMPBELL SOLAR HOT WATER SYSTEM: ERDA ANALYSIS 

% Total Energl Location Total ln~stment, $ 
·- Supplied by Solar 

Conventional 

No fuel cost escalation: 

A 1 buquerque 26), 951 85 3.97 (4.18) 

<maha 26),951 58 3.97 (4.18) 

With 5% fuel cost escalation 
compounded annually: 

.A 1 buquerque . 26.), 951 85 5.57 (5.87) 

O'naha 26·J; 951 58 5.57 (5.87) 

aTotal annual energy requirement at the can washer= 2.7 x 10 12 MJ (2.8 x 109 Btu) 

bl054 MJ = 106 Btu 

cPayback is based on net cash flow afte~ taxes. 

dROR -minimum rate of return on the net cash flow after taxes for 20 years 

/ 

Before Tax Costsb 
$/1000 MJ ($/MBtu) 

Solar 

15.54 (16.38) 

16.56 (17.45) 

' 

15.97 (16.83). 

17.23 (18.16) 

. c 
Payback, RORd 

Years 7~ 

Solar Only 

17.23 (18.16) >20 -1.0 

25.25 (26.61 >20 -2.4 

17.23 (18.16) ·- 17.9 1.3 

25.25 (26.61) >20 -0.5 



for the solar system {704.3 m2 or 7578 ft 2 of collectors). The five percent fuel cost escalation in

creases the annual cost, but makes the comparison more favorable for the solar system. With this 

fuel cost escalation the Albuquerque location has a payback period of about 18 years and·a slight. 

rate-of-return {1.3 percent) on the investment after taxes. Nevertheless, the Omaha location, 

which receives much less solar insolation {and thu~ less fuel savings), is still unable to offset 

its investment with its discounted annual savings. Therefore the rate-of-return for both ca.lcula

tions is negative. The computer output for the cases ptesented in Table 4-1 are included in Appen

dix D for reference. These printouts detail by year the solar system operating· costs. 

4. 2 ECONOfH C ANALYSIS: SACRAMENTO 

The results of two economic analyses for the Sacramento location are pres1:ntP.d hPrP. for com~ 

parison with the Albuquerque and Omaha -locations. The first analysis differs from the previous 

analysis ~nly in the amount of insolation (less than AlbuquP.rqw~. but. more than Omaha) and the 

installed costs {based on general contractors labor rates). 

The second analysis was ·made to duplicate canning industry methods used in an economic· 

analysis as well as fuel costs that ·are relevant to the Sacramento location. The inputs to thP 

analysis that differ from the ERDA guidelines are as follows: 

• Diminishing balance {accelerated) depreciation 

• Fuel cost escalation of 3._4 percent compounded annually 

e Combined Federal {48 percent) and State (6 percent) income tax rate of 51 percent. 

·The fuel cost projection is ha<;P.d on numerous estimates of fuel costs an.ll illlclildbllfty in the Sacramento 

ai·e11. !Ills information wa~ compiled as a ·part of an Acurex/Aerotherm contract to the State of 

·California to evaluate alternate energy sources for the heating and cooling plant that supplies a 

complex of buildings in the State Capitol Mall. 
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Table 19 presents the results of the two analyses. Again, for the ERDA guideline·s, the 

solar system investment cost more than offsets its operating cost savings.- With the five percent 

fuel cost escalation, the payback period is just less than 20 years and thPrP. is a slight positive 

rate-of-retu~n. This system cost translates into $4?S.71/m2 {$39.55/f~ 2 ). 

The results of the analysis using industry assumptions do not differ significantly from the 

results using the ERDA guidelines. The accelerated depreciation and higher tax rate offset each 

other more or 1 ess; therefore the lower fuel cost esc a 1 ati on _assumption causes the result to fa 11 

between the no-fuel-cost-increase and the five-percent-fuel-cost-increase cases. 'The computer print

outs of these calculations are included in Appendix E for reference. 
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TABLE 19. ECONOMICS OF CAMPBELL SOLAR HOT WATER SYSTEM: SACRAMENTO 

% Tota 1 Energy a I Total Investment, $ Supplied by Solar ; 

Conventional 

ERDA guidelires: ! 
; I 

Sacramentc 299,733 77 3.~7 (4.18 

Sacramentc with 5% Fuel .299,733 77 5.57 (5.87) 
Escalation . ' 

i Industry Ass~mptions: I 
I 

Sacramentc with 0.51 tax 299,733 77 I 4.87 (5.13) 
rate, accelerated depre-

! ciat1on, and California 
fuei cost escalation of i 
3.4% 1 

aTotal annual energy requirement at the can washer = 2.7 x lOu MJ (2.8 x 109 Btu) 

b1054 MJ = 106 Btu 

cPayback is based on net c~sh flow after taxes. 

dROR -minimum rate of return on the net cash flow after taxes for 20 years 

Before Tax Costsb 
$/1000 MJ ($/MBtu) 

Solar 

17.96 (18~93) 

18.33 (19.32) 

17.26 {18.19) 

Payback,c RORd 
Years % 

Solar Only l 

: I 
21.77 (22.95) >20 -1.8 i 

! 
21.77 (22.95 19.6 0.2 ' 

' -
' 

20 •. 76 (21.88) >20 -1.~ 

! 
.... I 
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4.3 ECONOMIC ANALYSIS: POTENTIAL COST REDUCTION 

The preceding sections have demonstrated the relatively high cost of a solar energy sys~em 

based on a prototype developn1ent. It is reasonable to assume, however, that installed costs for 

solar energy systems can be reduced and that conventional sources of fuel will continue to increase 

in· cost. This section examines the sensitivity of the economic analysis to the earlier cost assump-

. tions in an effort to illustrate the potential economic advantages that can be realized in the future by. 

a solar energy system. 

Specifically this section investigates the eff~ct in Sacramento of reducing the Campbell hot 

water solar system costs in addition to: 

1 Assuming fuel costs escalate 3.4 percent (compounded an.nually") with the base year in 

1980 ($2.61/1000 MJ or $2.75/MBtu) 

1 Using an investment tax credit of 20 percent in place of 10 percent ., 

1 Using diminishing balance (accelerated) depreciation in place of straight-line 
. . 

All of these assumptions will shift the analysis in favor to the solar energy system. The fuel 

cost scenario is based on several sources concerning fuel cost and availability in the Sacramento 
f· 

area (see Section 4.3). The increased investment tax credit is also a likely possibility assuming 

Congress will continue to provide additional incentives for the investment in solar technology. 

Accelerated depreciation is substituted for the straight-line method since it is the more common 

practice by industry for large investments. 

System costs can be assumed to be reduced in the future with justification. The installed 

costs incurred by Acurex in this. initial design consists.of: 

1 Nonrecurring labor charges and higher (than production or installation) labor rates 

associated with a prototype development 

1 Collector costs of $124.87/m2 {$11.60/ft2 ). These can reasonably be expected to drop to 

$80.73/m2 {$7.50/ft2 ) because of high volume production and less expensive materials 

Based on these considerations, the economic analysis was performed for two lower system costs and 

is summarized in Table 20. (Computer printouts are included in Appendix F.) The time frame is 

assumed to begin in 1980 using the above assumptions. ·This analysis illustrates the significance 

of installed costs on the outcome of the cost comparison. Reducing system costs by 40 percent (to 

$188,200) accomplishes a 15 year payback and a small (2.8 percent) rate-of-return compared to pay

backs exceeding 20 years and negative rates-of-return for the high cost case. The lowest installed 
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TABLE 20. ECONOMIC ANALYSIS: SACRAMENTO, BASED ON ANTICIPATED COST REDUCTIONS 

% Tota 1 Energi Location Total Investment, $ - Supplied by Solar 
Conventional 

Sacramento 188,220e ·77 5.27 (5.55) 

Sacramento ll2;9;wf 77 5.27 (5.55) 

aTotal annua~ energy requirement at the can washer= 2.7 x 10 12 MJ (2.8 x ~0 9 Btu) 

~ bl054 MJ = 106 Btu 

cPayback is based on net cash flo~ after taxes. 

dROR- minimum rate of return on the net cash flow after taxes for 20 years 

eAn installed cost of $270/m2 ($25/ft2
) based on 704m2 (7578 ft 2

) 

fAn installed cost of $160/m2 ($15/ft 2
) based on 704 m2 (7578 ft 2 ) 

Before Tax Costsb 
$/1000 MJ ( $/t~Btu) 

Solar Solar Only 

10.17 (10. 72) 11.27 (11.88) 

6.85 (7.22) 6.95 (7.33) 

Payback,c RORd 
Years % 

15.1 2.8 

11.2 6.5 
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system cost, $161.46/m2 ($14.90/ft2 ) gives encouraging results. The payback period is reduced to 

11 years with a 6.5 percent rate-of-return after taxes- a respectable return for an investment. in 

an alternate energy system. 

so. 
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ECONOMIC ANALYSIS APPROACH 
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This appendix describes Acurex's approach to the economic analysis and.a computer simulation. 

used to .Perform the analysis. Acurex's economic approach is identical to that outlined in the 

10 August 1976 Lawrence Livermore Laboratory memorandum (Appendix B). A computer simulation, how

ever, was developed early in the design. phase of the program, primarily to facilitate calculations 

·involving nonuniform cash flows that are characteristic of industry methods; This computer program 

was also used in various subsystem cost optimizations. 

The following sections briefly describe our economic approach (Section A.l) and summarize the 

computer simulation program (Section A.2). A computer output of the ERDA cost comparison example is 

attached .as Appe'ndix C to demonstrate the equivalence of Acurex's code to the approach described in 

the ERDA memo. 

A.l ECONOMICS APPROACH 

An economic analysis is an essential step in the design of a solar system which will replace 

or supplement a conventional energy system. This analysis serves to answer the question ;'Are the 

benefits in fuel savings that will be realized over the 1 ifetime of a solar energy system worth the 

investment in that system?" To answer this question an economic analysis must be made based on 

1 ife-cycle costing, i.e., the ultimate viability of a solar energy system must be determined by 

·comparing its costs over its lifetime with those of a conventional energy system. 

Some form of a "present value" technique (e.g., annualized cost or minimum rate-of-return) 

should be utilized for this analysis. These techniques are termed "present value" because they 

recognize that a dollar earned today is worth more at the "present" than a dollar earned a year 

from now, since today's dollar accrues value over the years at some interest (or rate-of-return of 

an alternate investment). These present value techniques are favored over average rate-of-return 

or payback methods which ignore the "cost" (interest or potential rate-of-return) of the invested 

money over the anticipated project lifetime. 
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The economics of a solar/conventional cost comparison may be expressed in several ways. 

The more· commonly accepted present value methods are: 

o Annualized costs- all costs of a system over its lifetime are converted to equivalent 

annual disbursements. These costs are expressed in terms of dollars. per total useful 

energy (in Btu's) supplied to the system. 

·• Minimum rate-of-return- this is the interest rate at which the present value of all costs 

over the system lifetime are equal to the present value of all benefits. This rate-of-

return is compared to some criterion; if it is higher than the criterion, then the project 

is said to be economical. 

• Breakeven point- this is a variation of the rate-of-return calculation. Here the inter

est rate is specified and the year 1n which the present value of costs equals the present 

va 1 ue of a 11 benefits is computed. Of course, the project is more economic a 1 for sma 1_1 er 

breakeven points. 

The annualized cost method is generally preferred over the latter two methods, especially 

the rate-of-return, which can be difficult to compute due to large negative cash flows occurring 

late in the project life, or very nonuniform cash flows. Nevertheless, any of these techniques are 

preferable to average rate-of-return and simple payback methods which ignore the "time value" of 

money. Therefore, the annualized cost approach was chosen for this analysis. Much of industry, 

however, still utilizes these simplifi_ed methods. Consequently, a code was developed which could 

evaluate solar energy systems in terms of annualized costs, rate-of-return, breakeven point, and 

simple payback (the time in years in which accumulated solar benefits after taxes just offset the 

·solar investment). This code is described in more detail in the following section. 

A.2 COMPUTER SIMULATION PROGRAM 

The computer simulation described in this section can be especially useful in performing a 

cost calculation for this-application, where many nonuniform costs (costs varying from year-to-year; 

·for example, accelerated depreciation, escalating fuel costs, and "iumpy" maintenance charges) 

cause a "hand" calculation to be time consuming, or where it is desired to compute several cost 

comparisons for different assumptions in a quick and consistent manner. Considerations such as 

inflation, or a combination of debt and equity financing may also be taken into account by the code. 
. . 

Ultimately, this cost analysis code could be coupled with a solar system perfonnance code to deter-

mine system opti~ums. 
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The basic; computer code used to perform the financial analysis was obtained through Acurexis 

computer time-sharing service, Information Systems Design·(ISD) of Santa Clara, California. This 

program, .named Fjnancial Planning Simulator (FPS), allows the user to write a FORTRAN prog:am for 

his particular analysis utilizing a library of subroutines and functions for common financial cal

culations (loans, depreciation; rate-of-return, compounding and escalations, for exampl~), and then 

to present the results of the analysis in his predetermined format. The program provides much flexi

bility in performing a.variety of calculations and presenting the results in a consistent manner. 

The program utilizes the same analysis method outlined by ERDA in computing annualized costs. This 

program was used to evaluat·e the optimum design of various system components (piping and storage 

tank) and evaluate the system costs for the two solar locations based on input data specified by ERDA.· 

In addition to these, a computation was performed for the Sacramento site (for several sets of assump

tions) to be compared with the above cases. 

Acurex recognizes ERDA's desire to evaluate various solar designs on a common basis as a 

necessary step in determining the economic and technical viability of different proposed systems. 

Thus, App~ndix C includes a sample output of the Acurex FPS program which demonstrates its equiva-

1 ency with the ERDA method of economic analysis for the example problem given . in the ERDA memorandum. 

This memorandum is attached as Appendix B for easy reference . 
• 
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APPENDIX B 

LAWRENCE LIVERMORE LABORATORY MEMORANDUM 
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August 10, 1976 

Dear Contractor: 

Enclosed is a revised version of the Method of Economic Analysis which 
is to replace the initial version distributed to all of you at the University 
of Maryland. workshop. There are a number of changes made in this new version 
\'Jhich we feel make~; it more accurate as well as more useful to the contractors 
and to ERDA. Therefore we ask that you read it through carefully. 

The principal changes have been suggested by members of the contractor's 
grcups, both at the workshop and subsequently. This applies to the inclusion 

·of Omaha as well as Albuquerque as "fiducial" locations for the economic 
analysis of your solar process heat system. This will pr6vide an instructive 
cornrarison of system performance in a southwest location and in a more cloudy 
region with more severe winter weather. It also will bring out differences 
between focussing systems and flat-plate .systems as a function of cli1natic region. 

It will be noted thJt cur worked-out example of Pl~n A versus a Plan D 
system now follows a different form~t and re~ults in different values for the 
Plan B cost of ~ner~y as well as for the cost of solar energy alone .. Our 
initial method v;as ·incorrect in that v1e did not properly differentiate betv1een 
before-tax and after-tax items in the cost analysis. We are indebted to 
Bob McCarthy of Genetal Electric fbr bringing this error to our attention. 

Also please note that we are now requesting a calculation of the Plan 13 
payback period. It became obvious at the workshop that industry places a great 
deal of importance on short payback periods. Therefore we felt that thi·s 
information should he included in the analysis. 

In the initial ve1·sion we pre~ented n 111ethod for taking into account a 
projected diffen~ntial r.scalation ·in the price of fossil fuel. Ho\'JCVet· it 
was not required thut you include this calculatibn. 1\ much simple!' rnethiJd 
of making this Cctlculclt:iun has been bl~ouyht to our attention by 8oh f·1cCllt'thy 
which gives equivale11t results to the incremental present worth cctlculatiun 
\'H~ \•Jere usir.g.* Therefore v!C. now request that you include this ·calculation, 
usin9 a s·x; projh.~tcd escalation factor for fuel oil. This of course vrill 
make the compurativP costs of solar energy more favorable. 
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We wish also to express our thanks to John Rupert of Honeywell for 
providing us with useful information and for bringing to our attention 
the ~xcellent report of R. T. Ruegg. 

Please feel free to phone or write us if you run into any problems 
in con~leting the requested economic analysis. 

l~CD: dmb 
Attach. 

* The numerical values for annual cost worked out in the example are in fact 
different than our previous ones. This is because we ~ere"escalating the 
first year•s fuel bill (assumed paid at end of year) by the escalation factor 
whereas, using the multiplying factor approach suggested by McCarthy, the 
initial cost of fuel applies to ·the first year and escalation begins in 
the second year. · 
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THt PURPOSE 

"The_ main objective of (the Industrial Process Heat) program is to 
apply solar technology and develop solar systems which could supply a 
significant amount of the process heat requirements of industry, and to 
make solar systems for industrial applications co~mcrcially available 
in as short a time as possible. These systems must sho~1 economic 
viability, maintainability, reliability, and be capable of integration 
into existing industrial proce~ses.'' This quote ctimes from p.5 of ERDA 76-88, 
~1ay 1976, titled "Solar Energy for AgricultUI·e and Industrial Process Heat". 

The purpose of the economic analysis being requested here is to assist 
ERDA in eval~ating the economic viability of the system you propose to 
install and operate during Phases II and III. The standard conditions 
defined in the following pages will allow this to be done in a way that is 
both meaningful to ERDA and equitable for all contractors. 

In many \•!ays this analysis may impose conditions that are quite 
different. from your particular industr1~1 process and solar system. 
For example, to avoid the influence of different amounts of insolation 
.in different parts of the country, you are asked to do the economic 
analysis for two "fiducial" locations, Albuquerque, .N.I~. and Omaha, Neb. 
Likewise, fuel oil at $15 per bbl. has been chosen as the standard fossil 
fuel energy source. Pleas~ use this for the purposes of this ~conomic 
analysis even though your particular plant may use natural gas or coal 
rather than oil. Likewise, it is necessary to standardize assumed 
lifetimes, income tax, rate of return on invesbncnt, and other factors 
which in reality will vary from one location to another or from one 
industry to another. 
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LIFE-CYCLE COSTJNG FOR A COMBINED SOLAR/FOSSIL FUEL 
. . 

INDUSTRIAL PROCESS HEAT SYSTEM 

·To simplify the cost analysis it is recommended that the method of .. eqt,Jivalent 
un'ifo'rm annual net disbursements 11

, usually referred to as the 11 annual cost 
method", be ·used. A year by year incremental present worth calculation is 
generally not necessary and pr·ovides essentially ·the same result as the 
calculation of annual energy cost. 

·Assume that "Plan A11 represents a conventional process heat system.using fuel 
oil and 11 Plan 811 represents a combined solar/fuel oil facility. It is 
necessary to calculate the equivalent annual cost of energy under Plan A 

·and Plan B .. Th~ results can be expressed in $/MGtu for each plan. the 
cq_sj:_ of solar.energy alone in $/MBtu should also be presented. This is equal 
to the total incremental annual cost incurred by installation of the soli:ir 
system divided by the. average annual solar heat delivered to the process. 

·So that different solar systems can be directly compared, Albuquerque, 
Ne\'1 Mexico, and Omaha, Nebraska have been chosen as 11 fiducial 11 locations 
for er~d systP.m calr:·•.rlation. (See attached solar insolation data and 
average daytime ambient temperature data fpr these two locations.) It should 
also be assumed that fuel oil at the· delivered price of $15/~bl. is the 
conventional fuel.· 

•Do not include in the economic analysis any proposed improvements to the 
present process heat system such as energy conservation or ener9y recovery 
systems which could equally well be added to a facility using fossil fuel 
alone. Also, include only costs of instrumentation and controls necessary 
for on-line operation of the solar system. 

•The economic analysis is to be performed on the system which is being proposed 
for Phases II and III. All costs sho1Jld be those appropriate for Phases II 
and I J I, not projected co~ ts i or futun! ~ystems whe1'.e savings due to mu~:~ 
production mi9ht be anticipated. For purposes of intercomparison, quote all 
costs in 1976 dollars,. even though purchase of hardware and construction n1i9ht 

not commence until a later time . 
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Suggested,References: 

1. Principles of E~ineering_ Econo__!!!l, E. L. Grant and H. G. Ireson. 
Fifth edition, Ronald Press, New York. 1970. 

2. Solar Heating and Cooling in B_~--'-i-'-ld.;:..l.:...:..n:.....g,.::s.-.:..:___;M_;_;,e:;_;t:..:.:hc..::.o..:;..d=-s-=o::-.:t. Economic Evulu~tion, 

R. T. Ruegg, NBSIR 75-712, July~ 1975. Available fro~. the Institute fot 

Applied Technology, National Bureau of Standards, Washington, D. ~~' 20234. 

REQUIRED INPUT PARAMETERS FOR ANNUAL C_9ST CALCULATION . . · 

1. Estimated total annual requirement for energy and percentage contribution 
of solar energy. (p.4) 

2. Estimated installed solar system cost. {p.4) 

3. Assume a 20 year lifetime for solar system and for boilers or process 
heaters of conventional system. (p.S) 

4. Assume straight li~e depreciation on solar system. (p.S) 

5. Esttmated operation, maintenance, component replacement, and insurance 
premium tosts for solar system. (p.S) 

6. Assume ·federal + state income tax = 50%. (p.6) 

7. Assume 10% initial investment tax credit. (p.6) 

8. Assume a zero inflation rate. (p.6) 

9. Assume a real after tax rate of return of 10% (p.7) : 

10. Assume the conventional fuel is fuel oil at a delivered price of 
$15/bbl. {1 hhl; ~ 5.8 MBtu) 

11. Assume overall annual costs of boiler or process. heater, including 
amortization of capital cost, operation and maintenance, to be 
$0.20/MBtu, based ~n total process heat required by plant. (p.7) 

12. Assume fuel oil conversion efficiency= 70%. (p.B) 

13~ Assume zero salvage value at end of 20 years for solar system and for 
boilers or heaters. {p.8) 
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l . Estimated annu_i!J_ _ _r.erccnta_g~--~o~_!_r_i_but:_i o'l_~_f._so l !!_r __ e_r~r~. 

Use attached solar .insolation data for the appropriate collector configurat 
If, for exan1ple, the collectors will be tilted at an angle L(=latitude) at the 
actual location, you should use the values of L(latitude) for _Albuquerque and 

Omaha in these calculations. Use direct or total insolation values as appropriate. 
Data are given as seasonal means for each of the four seasons. Several smoothed 
graphical curves of _this data are also attached. Be guided by the shapes of 
these curves if you find it necessary to construct additional curves for other 
data. If it·is desired to use hourly data with a computer simulation prog,~am, 

you should also present a comparison of daily sums of hourly insolatio~ with 
Sandia average daily values. 

The average annual energy contribution of the solar system is required. 
Experimental collection efficiency an4 performance data.on your collector~ 
should be presented and used in these calculations. If_ experimental data is 
1 imited to only ceJ~tain times of the year, computer simulation data may be 
used. However the.extent·of agreement between experimental and computer datu. 
should be presented. 

Use attached values of monthly average daytime .ambient temperatures 
. . 

(obtained from Liu and Jordan tables.t) ·Assume an average. wind speed of 10 111p: •• 

in calculating collector heat loss coeificients~ 

2. Estimated installe~ solar system cost. (To be expressed as a total amount 

and also in terms of $/ft2 of collecto~ area.) 

The follm·ling items should be included: 
a) Site preparation 
b) Collectors 

l. Materials and construction 
2. Installution 

c) Storage system 
d) Hook-up to and any required modification of conventional system 
e) Pipirig and dutting 

f) Pumps, valves, etc. 
y) Electrical wiring 
11) Instrumentation and controls necessary for on-line opcrat.·inn of 

· sol il r sy s t c111. 

Assume thJt the i1Vc1~a9c lllbor rate is $15/hour at car.h lociltior). 

Hl.Y.II. I il: ilnd R.C .• lordz:n, Solill' Fl1c•rqy? (?), 5:l (IC)G:.l). 



-5-

3. Assume a 20 year lifetime for solar system and fot· boilers or heaters 
of conventional system; 

The average ex~ected lifetime for boilers and process heaters is about 
20 ~ears. Therefore, if a new plant is inst~lling a solar/fossil fuel system~ 

it is convenient to assume the same lifetime for all parts of the syst~m. If 
an existing plant is installing a supplementary solar system, it will be assumed 
in order to simplify the economic calculation .that the plant is installing new 
boilers or heaters at the same time. 

Generally the annual cost of process heat is quite insensitive to the 
assumed lifetime of the system in a life-cycle cost analysis. For example, 
the assumption of a 25 year rather than a 20 year lifetime would in most cases 
only decrease the annual .cost of energy by 1% or 2%. 

4. Assume stratg.h.t__l ine depreciatio_n on solar syst~m over 20 years_. 

The assumption of straight line depreciation simplifies the economic 
calculation; For a solar system where there is little or no experie~ce ih 
terms of its performance, re 1 i ability, or lifetime, the I.R.S. might i nd.eed 
allow an accelerated depreciation which would have the effect of reducing 
equivalent. annual energy costs. However, the allm~ed period and type of 
accelerated depreciation will vary from one system to another so it is prefer1·ed 
here to assume the simpler straight 1 ine write-off of the solar system .. 

5. Estimated operation, mainteQance, component replacement, and insurance 
premium costs of solar s~tem. 
. . 

Assume a. constant annudl ~ost for operation and maintenance of the solar 
system even though maintenance costs might be expected to increase toward 
the end of the 20 year system life. Also, assume an equivalent annual cost 
for component replacement even though such replacements may only occur 
every few years. Estimate annual insurance premium on solar system. 
Assume cost of electrical energy at each location is 3¢/kWh. 
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6. Assume federal + state income tax = 50%. 

See p~ge·9 for a discussion of before-tax ~s. after-tax energy costs . 
. 'Also the worked-out examples show how the income tax is to be handled in the 

c'alculution of energy cost. Do not include any property tax or other taxes 
in these calculations. 

7. /\~ sume 1 0% i I'!J_t i a 1 investment tax credit. 

To convert this to an equivalent annual cost (a negative cost in this 
case), multiply the tax credit L>y the appropriate capidl recovery fvctor. 

C~F (10%, 20 ~ears) 0.11746. The tax credit doc~ not reduce the depreci~tion 
b.ase .. 

8. Assume a zero inflation ~ate. 

The economic calculation is simplified by assuming that all costs, prices, 
and wages will escillute at the same. rate over future years. Hence, inflation 
can be ignored and dollars of co~stant value (her~ taken as 1976 dollars) can 
be used in calculating annu&l cost of energy. If it is ·then desired to escalate 
the annual energy cost on the basis of a projected ir:fbtion rc1te, this cur; 

·easily be done. The same P~calation rate would apply to both Plan A and Plan 13 
annual energy costs. However, it is not necessar~ for present purposes. 

The assumption of a zero inflation rate gives valid r·esults only if the 
solar system is purchased with equity funds and not with debt financing. 

(See Ruegg, op, cit.) Also, an error is introduced in using a constant annual 
depreciation since inflation causes the annual depreciation expense to fall in 

terms of dollars of uniform value. However, the future rate of inflation is 
quite speculative and in any event the effect on annual energy costs of 
neglecting this factor will generaily be small. 
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It may well be that the price of fossil fuels will escalate over the 

next few years at a ·higher rate than the general i~fla£ion rate. For example, 

a reasonable assumption, also to be used in the economic analysis, is that there 

will be a 5% differential increase in oil prices, compounded yearly .. This will . . . . . 

result in a yearly increase in energy costs under' both Plan A and _Plan l3, hut 

will make Plan B more attractive relative to Plan A. In order to calculate the 

equivalent uriif~rm ~nnual cosi, the basic approach is io first caiculate t~e 
present worth of Plan A over the 20 year 1 i fetime and then· the i ntrementa·l 

pre.sent worth of Plan B relat·ive to Plan A. The present worth of each plan 

rnay then be conv.erted to equivalent annual energy costs by multiplying by 

the appropriate capi. ta 1 recovery factor .. ,, 

However a much simpler method is ·presented on paqe 14 which gives ident·ic:l 

results. In this method a multiplying factor is calculated and then applied t:·· 

the initial cost of fossil fuel to obtain a 11 leveli-zed 11 cost of fuel ovet· til::. 

20 year lifetime of the system. This levelized fuel cost can then be. used in 

the conve~tional annual cost calculation. 

9. Assume a rea 1 after tax rate of r.e.t'!r."-. .:_J Q?~.· 

The real rate of return excludes the inflation factor and is related 

to the ma~ket rate of return which includes an inflation fa~tor by the 

expression: 

( l + market rate.) = (l + j_nflation) (l + real rate) 
100 100 -.oo 

Thus, for an assu~ed inflation factor of 6%, a real rate of return of 

10% corresponds to a market ra~e of 16.6%. 

10. No Comments. 

11. Assum~ overall annual cos_ts o_f boiler oryrocess heater = $_9_.20/l·!§tu·. 
' ' 

It should be assumed that the boiler provides .100% backup to the solar 

facility. Therefot·e, the same boiler capacity is required under Plans A anJ !3. 

Current catalog prices ~or boilers run about $30,000 for an annual output capacity 

of 10 5 .MBtu/yr. It is assumed for- si111plicity that there is linear scaling bt~tl·:et>n 

boiler cost and output capacity. F~r a boiler with t'ated output of 10'; l·mtu/yr 

("' 10,000 lb/hr of wet stea111), the operJt:ion and ni.:Jintr-~nancc costs arc assun'l·tl Lo 

be about $15,000 per yP.ur. For a ?.0 year boiler 1 ifetime, 10~:. r-ate of tYiunt or.· 

invesL111er1t drld slrili~Jht line depreciation, the overall boilet· cost per t·W"llr of 

output is: 
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Capital amortization = $0.07/MBtu (before tax) 

Depreciatio~ deduction = -0.015 (before tax) 

Approximate 0 & M cost ~ 0.1~ 

Total ~ $0. 20/I~Btu 

12. Assume fuel oil co_nversio_!!_effici_ency = 70%. 

IJ J) 

(before tax see p.9) 
) 

Thi~ is a reasonable average value for conversion of fuel oil energy 
to process heat delivered at point of use. For example, a typical boiler 
conversion efficiency is 80% and a typical heat loss iJ delivering hot water 
or steam to the point of use might be 10%. 

If you have data showing the actual overall conversion efficiency at 
your process plant is substantially different from 70% you 111ay use the actUt1l 
value. Clearly indicat~ what value you are using. 

·13. Assume ze_r.Q_2al_y~'{_alue at end of 20 years for $Olar system an.Q_f:_p_'=. 
boilers or heaters. 

The present wor'th of salvrtye value is genf.'td.lly quite srnall. Since 
assuming a salvage value changes the annual depreciation allowance and 
hence affects income tax, it is simpler to assume zero salvage value. 
This will generally have only a small <.>ffect on annw;l energy c:osts. 
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ENERGY COSTS EXPRESSED IN BEFORE-TAX VS. AFTER-TAX DOLLARS 

When a company spends $1.00 for fuel, its cash flow after taxes is only 
reduced by $0.50 (assuming a 5d% income tax). 
energy is only one half the before-tax cost. 
following example: 

No fuel oil purchased 

Gross receipts = $1000 
Cash flow before 1000 taxes -

Income tax = 500 
Cash flow after = $ 500 taxes 

Hence the after-tax cost of 
This is illustrated in the 

,Fue·l oil purchased 

Gross receipts 

Cost of fue\1 oil 
Cash flow before 

taxes 
Income tax 

Cash flow after 
taxes 

= 
= 

= 

= 

= 

$1000 

200 

800 

400 ---

.$ 400 

Note that although the purchase pr·i ce for the fue 1 oil i.s $200, 

the effect of the purchase is to reduce cash flow after taxes by only 
$100. Although it might seem 16gical to calculate the cost of energy 

based on the after-tax cost of fuel oil, we follow the general practice 
to cal~ulate b~fore-tax energy cost. 

It follows that for the Plan B case of a combined fuel oil/solar process 
heat system, the before-tax energy cost must be calculated to compare with the 
before-tax energy cost for the Plan Acase of fuel oil alone. Similarly, tile 
before-tax cost of solar energy alone is to be calculated. 

If an annual cost calculation or an incremental present wo~th calculation 

provides an amount forthe increase in after-tax energy cost, the corresponding 
amount for the increase in before-tax energy cost is obtained ·by divid·ing by 0.5. 

This is illustrated by returning to the above example and increasing the price 
of fuel oil to $300: 

Gross recejpts = $1000 
Cost of fuel oi 1. = 300 ·t; 

Cash flow before taxes = 700 
Income tax = 350 
Cash flow after taxes = $ 350 

Hence a before-tax increase in cost of f~el of $100 results in an 

after-tax decrease in cash flm~ (or eqwivalently an after-tax inct·case 

in cost of fuel) of $50. 
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EXAMPLE OF AN ANNUAL ENERGY COST CALCULATION 

Assumed conditions:· 

1. Annual requirement for process hot water= 2 x 10 5 MBtu. 
2. Annual contribution from solar facility = 10 5 MBtu (SOX)~ 

3. Area of solar collectors= 8 acres .. 
4. IMsta~lcd solar system cost = $10.00/ft~ 

($10.00/ft 2 X 348w480 ft 2 = $3,484,800) 
5. Annual 0 & M, replilcement and insurance = $30,000. 

PLAN 'A·- ANNUAL ENERGY COST CALCULATION 

_llil_b_~_}_x 2 x los MBtu 
Cost of fuel oil energy: 5.8 MBtu/bbl x 0.7 

.. l 
= $738,920 : hefon:! 

t tax 
Boilers: $0.20/MBtu x 2 ~ los MBtu 

Oeductihle expenses: 

Fuel oil a $738,920 
Boilers = 40,000 

Total = $778,920 

Effect of expenditures for Plan A process heat 
system on reduction of income taxes 

= 40,000 ; 

Plan A after-tax energy cost = $389,460 
Plan A before~tax energy cost = $778,920 

I $778,920 - $3 89/MBt 2XTQ"S""M8tu.- · u 
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PLAI~ B ANNU_~L ENERGY CQ_~T- CALCIJL/\TION 

Repayment to equity for solar facility 

[ 3,484,800 X 0. 11746] 

10% investment tax credit 
. . 

= $ 409,320 

= -40,930 

) Cost of fuel oil energy = 369,460 i before 

Boilers 

Solar O&M, replacement and insurance 

Deductible expenses: 

Fuel oi 1 = $369,460 

Boilers = 40,000 

OMRI = 30,000 

Depreciation = l?~~40 

Total = $613,700 

Effect of expenditures for Plan B process heat ~ystcm 
on reduction of income taxes 

= 40,000 

= . 30,000 

Plan B ~fter_:_tax energy cost= $ ·sol ,000 

Plan B bef_o1·e-tax energy cost- $1,002.000 

~ 

...,..* ______ ------· ----------

Note that the reduction of income tax for Plan B is $82,610 lr.ss than for 
Plan A. Stated differently, the income tax paid under Plan B is $82,610 
greater than under_Plan A. 

tax 
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ANNUAL COST CALCULATION FOR SOLAR ENERGY ALONE 

.Repayment to equity for solar facility 

10% investment tax credit 
Solar O&M; replacement and insurance · 

Deductible expenses: 

OMRI = $ 30,000 

Depreciation == ___11_1,240 
Total - $204,240 

Effect of expenditures for solar heat alone on reduction 
of income taxes 

= $409,320 

= -40,930 
= 30,0ooJbcfore 

. tax 

= -102 120 --2...!.!:--
After-t~x cost of solar energy alone = $296,270. 

Before-tax cost of solar energy alone = $592,540 



l. 

2. 

3. 

4. 
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CALCULATION OF PAYBACK PERIOD FOR PLAN B 

Notation: 

Fo =Annual Plan A fuel oil bill 
K = Fraction of annual process heat supplied by solar in Plan B 
N = System 1 ifetirn.e 

OMRI = Annual 0 & M, replacement and insurance costs for solar system 
Tax Rate =o 0.5 

I = Total installed cost of solar system 

Annual Plan B cash savings = KFo OMRI 

Added income before tax KFo Oi~RI 
I = N 

Added inc orne 0.5 [KFa 0~1RI 
I tax -- - N] 

Net annual i ric t'emen ta 1 cash f1 ow 0. 5 [Kfn 
. I 

= OMRI + -;-;-] 
I~ 

--:--------·--

I Payback Period = 
I 

I- 0.1 I Net initial investment · _ ·----1-Net annual incremental cash fl"ow- 0.5 [KFo - or~RI + NJ 

For our example: 

Payback Period $3,136,320 -
= $256,850/yr - 12.2 years 
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CALCULAT_!_Q_N_ _ _Qf_J_Q~I_Y[\LENT 1\fit.~~-~L PLAN A _AN_D P~AN B 

ENERGY COSTS FOR CASE OF ESCALATION IN FUEL COSTS 

Additional notation: 
e = Differential escalation rate on annual price of fuel oil 
i = Real rate of return on investment 

' 
Fo = Fuel oil bill at end of first year. (At end of second year, 

bill = .F 0 {l+e}, third year= F0 {l+e)2, etc.) 

CRF =Capital 1·ecovery factor= [i{l+i}N ] 
. {l+i)N-1 

Multiplying factor to obtain "levelized" cost of fuel oil over N yea1·s: 

CRF [ l+e Nl 
M.F. = -(i-ef -~ - {r+T) .j ). 

For our example with e = 0.05t = 0.10, N = 20, CRF = 0.11746: 

JM~F~-- = 1 ~ll~ 

Multiplying this by the initial price of fuel oil, $15/bbl, gives 
$21.34/bbl for the levelized price over the 20 year system life. Using 
this new price for fuel oil ~nd repeating the Plan A and Plan B annual 
cost calculations results in: 

Plan A before-tax energy cost = $5.46/MBtu 

Plan B before-tax energy cost = $5 .. 79/MBtu 

[Note that a zero -~~~ra_l_ inflatio.n rate is still assumed. Annual energy 
costs above can be escalated on the basis of any assumed general inflation 
rate if desired.] 
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SUMMARY OF REQUESTED ECONOMIC CALCULATIONS AND DATA FRQli_CONTRACTQ_RS 

l. · Make all calculations listed below separately for Albuquerque and Omaha. 

2. Use input parameters list~d on page 3.· List clearly: 

•Estimated total annual requirement for process heat. 

·Estimated percentage contribution of solar energy. 

·Estimated installed solar syste~ cost .(with bfeakdown). 

·Estimated OMRI costs. 

~overall fuel oil conversion efficiency (if different ffom 70%). 

3. Calculate Plan A before-tax energy co~t as on page 10. 

4. Ca 1 cul ate Plan 8 before-tax energy cost as on page 11 . 

5. Calculate before-tax cost of solar energy alone as on page 12. 

6. Calculate Plan B payback period using equation on page 13. 

7. For an assumed 5% escalation rate in price of fuel oil, calcu1Jtc 
Plan A and Plan 8 before-tax energy costs. See page 14. 
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(from Liu and Jordan} 

ro co 
f!.1 b~~~_9!Je __ Omaha A1huguergue Omaha 

Jan. 37.3 27.8 2.9 -2.3 
Feb. · 43.3 1?.~1 fi.3 0.06 
Mar. 50.1 42.4 l 0. 1 5.8 
Apr. 59.6 55.8 15.3 13.2 
1>1ay 69.4 65.8 . 20.8 18.8 
Jun. 79.1 76.0 26.2 24.4 
July 82.8. 82.6 28.2 28.1 
Aug. 80.6 80.2 27.0 26.8 
Sept. 73.6 71.5 23.1 21.9 
Oct. 62.1 59.9 16.7 l5. 5 . 

Nov. 47.8 43.2 8.8 6.2 
Dec. 39.4 31.8 4. 1 -0.11 
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The attached data are excerpted fr·om tl report hy Dr. Eldon C. noes 

of the Sandia /\lbuquerque Luborutories: Solen~ r:adii.tlion 1\vailahiLit\' to 
0 

----::-·---- RO ----· ··--- 0 ···---··· ---·--··--·-----·')·--·--·-

Y~!.'i<:~.~L:c;__r:_<?_l }_c:!~Jg! _ _9~:~!"!!'-~c~~x_;.i~_:! .. : ~ Y.!!l_1_1!!l_1 __ ,]_QrY ___ ~t~l,z:_, SAND 7 G- ooo9, 
Fcbnwry 19/G. The report-cons·ists of a compilt.ttion of solar radiation 

availiJbi"lities for 3 locotions- Alb11querquc, N.~1., Blue Lhll. !"iass., and Omaha, 

Nebraska, using 19Gt. Nat·ional Hcutller Service solat' stril) chart r·ccorcls 

of both d·ircct-normal· and totul-llorizontal data. 

Hith these h:o types of datCJ., taken simultuncously; it. is possible 

to co:npute values for all of the 1'1 quantit·ies listed i11 the attached tilb.le. 
. . 

The aver·age availobil "ity numbers ar·e ,?.~~05~?-')_~~LJ!!.<~-~~~~~- and the clear day 

values given in parentheses are for -~-i_!:!_9]_<?_~1_0X~: 1war the tJppropr··iatc 

solstice and equinox clays. To get yearly sums it is sufficiently accurai:e 
I II\ + hr'\ 
I•:' 0..· I 1•-· val~es &nd multiply Ly JCS/4. 

llourly values of ro.diation are neeued, these can be obtu"ir1ed fror.r the 

averuge daily values using the rnethod presented by l.iu and Jordun~ Solar 

Energy I (2), S3 (1953). 

The solar 9I'Oup at LLL has checked tl1c attuchcd va.lucs of total 

radiation on a horizontal sut'fuce (i.!12) il~li1inst dato. for other ycal~s ·in 

/\lbuquerque and 1962 turns out to huve been a pretty t:vc~rr>~Je solar yc2l'. 
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Average and Clear Day ( ) Soiir Radiation Availabilities for 
Albuquerque (A} and Omaha (0). (r-rom[1don Boes, SAND /6-0009}. 

MJ/m2day [r~ui tiply by 88.1 toJ 
· obtain Btu/ft2 day 

RADIATION TYPE / SPRING 
' SUMMER FALL. Cw.r(JL_. 

1} Direct on a normal surface A ?.2.4(32. 7} 29.7(35.6) 22.6(32.9) '26.0(28. 7 
0 12.4(23.0) 19.7(34.4) 17 .1( 32. 7) 14.2{22.2 

2) Direct on surf~cc which rotate~ A 16.3(25. 1) 22.7(26.9) 17.1(?.4.3) ??.?(?11.4 
about horizontal East-West axis. 0 9.7(19.6) 14.7(25.3) 13.1(24.0) 12.4(19.5 

3} Di1·ect on sur:-face which rotates A 22;4(32. 7} 27.3(32.6) 22.5(32.13) 23.9(26.3 
about North-South polar axis 0 12.2(22.1} 18.1(31.6) 17. I ( 32. b.) i3.1 (20.4 

4) Direct on surf~cc which rotates .A 19.9(28.6) 29.3(35.0) 19.3(28.5} 16. 7(18.4 
about Korizontal North-South axis 0 10.3(15.2) 19.2(33.6} 14.7(28.9} 8.!(12.6 

5} Direct.on a horizontal surface A 13.2(19.9) 21.8(25.8} 13.0(18.5) 10.:::(11.2 
0 7.1(9.8} 14.0(24.0} 10.2(19.4} 4. P,( 7. 2 

6} Direct on t11ted surface: . 100 ·A 14.7(22.2} 22.0(25.9} 14.7(21.0). 13. 1'(14.7 
0 8. i (12.6) 14.3(24.6) 11.5(21.6) 6.5(10.2 

20° A 15.7(23.9} 21.6(25. 3) 16.0(2?..8) Hi. 3(17.9 
0 8.8(14.9} 14.2(24.4) 12.4(23.1) 8.2(12.9 

.30° A 16.3(24.9} 20.6(23.9) 16.8(?.3.9) 18.7[ZoJ 
0 9.2(16.9} 13.7(?.3.4) 13.0(23. 9) 9.8 15.2 

406 1\ 16. 3(25.1) 18.9(21.8) ''17.'1(24.2) 20.4(22.4 
0 9.4(18.4) 12. 7(21.8) 13.1(23.9) 10.9(17.1 

50° A 15.9(24.5) 16.7(19.0) 16.8(23.9) 21.6(23. 7 
0 9.3(19.2) 11.4(19 .. 5) 12.9{2~.3) 11.8(W.4 

60° A 15.0(23. 1) 13.9 ( 15. 8) 16.1(22.8) 22;1(211.3 
0 8.8(19.5) 9.8(Hi.7) 12.2(21.9) 12.3(19.2 

70° A 13.6(21.1 ). 10.8(12.1) 14.9(21.0) 22.0(2~. 1 
0 8.2(19.2) 7.8(13.4) 11.2(19.9) 12.4(19.4 

80° A 11.8(18.5) 7.4( 8.2)' 13.2(18.6) 21. 2( 23.2 
0 7.2(18.4) 5.7( 9.8). 9.8(17.2) 12.2(19.0 

7} Direct on south-facing vertical A 9.7(15.3) 3.8(4.1) ·11.2(15.7.) 19. 7(21.6 
surface. 0 6.1(16.9) 3. 4 (6. 0) 8.2(14.1) 11.6(18.0 
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RADIATION TYPE SPRING 

" 
SUMMER J FALL L_~_INTER~=~= 

8) Total on a normal surface A 27.5(34.8) 33.7(38. 1) 28.5(36.5) 26.8(?.9. 1) 
0 18.6(26.4) 28.4(39.8) 22.7(36."1) 16.5(23. 5) 

9) Total on surface which rotates A 21.7(%7.4) 26.9(29.6} 23.3(28.0) 23.1 (24. r.) 
about hori zontJl Eas t-~/es t axis 0 16.2(23.0) 23.8(31.0) 19.0{27. 7) 14.7(2o. e ) 

~ 0) Total on surface which rotates A 27 . 7(34.9) 31. 1 ( 35. 1) 28.8(36.6) 24.8(26. 8) 
about North-S~uth polar axis 0 18.8(25.9) 26.7(36.9} 22.9(36.2) 15.7{21.9) 

:1) Total on surface which rotates A 25.2(30.8) 33.2(37.5) 25.!>{32.2) 17.5(1 8.9) 
about hori zontal North-South axis 0 16.8(18.9) 27.9 ( 39.0) 20.5(32.5) 10.5 (!~ .0) 

12) Tota·l on a horizontal surface A 18.8(22.3) 26.1(28.5) 19.6(22.5) 11.1( 1 1.7) 
0 14.1("13.7) 23.3( 29.8) 16.5{23.3) 7.3( 8.7) 

.: 3) Total on ·tilted surface: 100 A 20. 3(24. 7) 26. 3(28.7) 21. 3(24. 9) 1 4 . 4 ( ·: 5 . 2 ) 
0 15.0(16.5) 23.5(30.3) "17.7(25.4) 9.2("ll.7) 

20° A 21.3(26.3) 25 . fi(2 H.O) 22.!>(26. 7) 1 7 . 2 ( "18 . ·~ ) 
0 15.6("18.9) 2 3. 3 ( 30. 1,) ln.G(25.9) l0. S{ .!4.4) 

30° A 21.7(27.2) 24."7(?.6.5) 23.2(27.7) 19.6 (t.: G.9) 
0 15.9(20. 7) 22.6(29.1) 19.0(27.6) . 12. 3( 16. 7) 

(" 40° A 21. 6{27. 3) 22 .9(2 1f .4) 23.3(28.0) 21.3( 22. 9) 
0 15.9 ( 22. 1 ) 21.!>(27.3) 19.0(27.6) 13. S(l8. 5) 

50° A 1.0(26.7) 20.6(2l.G) 22.9(27.5) 22.5(24.2) 
0 15.6(22.9) 19 . 8( 24.8) 18.5(26.8) 14.3(19. 8) 

60° A 19.9(25.3) 17 . 7("18.2) 21.9(26.3) 23.0(24 . /) 
0 14.9(23.0) 17 . 9(21.8} 17.7(25.3) 14. 7 ( 20. 6) 

70° A 8.3(23. 1) 14.11(14.5) 20. '~(24. 4) 22.8(24.5) 
0 4.0(22.6) 15.6(18.3) 16.4(23.1) 14. 7{20. "7) 

80° A 6.3(20.4) 10.8(10.4) 18.4(21.8) 21.9(23.6) 
0 2.7(21.5) 13.1(14.4) "14.8{20.3) 14.3( 20.2 ) 

,4 ) Total on south facing vertical A 3.9(17.1) 7.1(6.2) 16.1 (18.6) 20.4{22 . 0~ 
surface 0 1.3(19.9) 10.4(10.4) 12.9(17.0) 13.6{19. 21 
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ERDA Example Problem: N9 .Fuel Cost Increase 

CAMPRELl-SArRA~[MTO:SOL~~ ~OT ~ATE~ ECONOMICS 

••••******'···i·····4················~·-~···· 
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ERDA Example Problem: 5% Fuel Cost hcrease 

CAHPRELL·Sftr~ft~~~TO:~~Ln~ ~~T ~CTE~ [CO~C~Jr~ 

~··•••••••••t••·t·~••••••~•~••••i•~~.~~•r***•* 

SOLI'.R CCSTS 

·······~··· FuEL 
FIX [0 t:'-1 ~R•:.:r::s 
eo xu.:~ 

l'J76 

0 
0 
0 

1'177 

-~,;c;.~>.;o -3e-.,a~, 

-!-!'!·0"0 -~ ~, t'ltJG 
•"!'lt9"q -3-=?. e;.r:~<? 

1'-17';1 

-41)7,:>;~9 

... -3n,nu~. 
-:'ICJ,q.:,.; 

... ;<~7.~;q(, 

-3(••"1J0 
.-~':1 t ~";'Cf 

'981 

~ .. ~.08~ -ll7l.r:.34 
-:'ln.ooo _ -~~.oo~. 
-3~.~90 -~9.~99 

.qq5,111 
-31J.000 
-3'J,C!99 

---------- ---------- ---------- ---------- ------··--- ---------- ---------- ----------ll TOTAL ... 

COr.:VE~JTINJM COSTS 

······~··········* FurL 
t<f'TI.ff'l 

2 I TO!AL 

TAX rALCIIJ.IITJOfl. ......... ~······· 
SOLA~: 

E.f~·r:~o.;r .T A~: !li\~.; Of!:' T P[.P/J"''i'. L 
-D~PI=fC!AT{I)i\ 

TAliA:"ll F. P·CCi' :-
-I ~JCro•··.F T •' 'II 

-I~VFST TrX C~EDIT 

3) TnTAL I~ro~E TR~-

CO~JVF"IJTl11NftL: 
TA)CAFtt HJCGO:t" 

q) TnTIII {rrrOi"'E TIIX 

liFTEr. T!IX C~SH =LO·,IS 

·········~~·~······· SOLAil, 11-.'31 
CNrVf.i IT} O''J/\1., _ 2 I •4) 

N£T CASh FLfY /J~TER TRX~~ 

············~··········· 

(I 

0 

0 

0. 
{1 

-:'1.131'o,:!20 
II 

-43C::-o4'59. 
·17<t .. 2un 
·6t~·tb99 

•3('F,P.a.9 
0 

. -17e.,9t q_ 
-3AC:: .. 4c:.9 

-1~C:.f.~(l 

-3~'::'olf.<.O 

.. 

-11~ ..... €-"' 
-3·"),009 

... 5?.~:"2 
-17J,,tq 
~fd~tl72 
-31·= .• r)f•fo 

r; 

::-!1.1 =.,e~;!..o 
-4n;r,c.·~::> 

-14 r ,p.4,:, 
•407.~32 

-f\)l!,,;~q 

-3'~,nC4q 

•')!i~d.,2 

-:""'•""q 
•119flo16t 
-3~~.'39<;o 

.,-477, 325 ___ :-'i?7, 1'>91> __ ·--··::::19 • OJ•) 
•17H,?40 •174o~40 •17~.2q" 

-r .. r:-t. C1 ~':l -:,71·"'~(, 
-·~;;.!;. "(;jq_ -53~·q'-t\ 

II {1 

->1:>~.659 -~9~·:\<:!2 

-·~ ~1. ?i2':1 - ··ti7t 691; 

•!-'-.13 o3<'1J 
-~qf-o€>"!0 

!I 

.•'L~M, 1 n1. 
·<tE.:•. O!!n 

.<.4:>., n6q 
_,,~. r.c:tq 

.... -~•H,5~-~ .... 
-17 .. ,;:> .. '1 
-71 ... ,71 11 

.--~!i7, '.!~7 
,., 

-~.65 .111--.. 

-"YU,2~~ 

- ~~·. 9':19 

-,56:i.ll1_ 
-17 ... ;:>40 
-7~9.351 

-3f.. <j. b 7'5 ·--
n 

:- <;j\ ~ • 0 b "'- _.,. J • r) 3 0 •. 2 2 3 --
-4'H ,!';:311 -~15,111-

-·-·- . .. . ·- . - ··-· -··- .. ·----

-151,!"-44 ·16t.7:?.EI -T-7~.~2(1 -111 3,1'. .. 7 -). 0 5,4~5 

-<r::>7, ?."-2"1 -'1-lf.J, h':lf. -·~.r,q. 0!:!(' ... •llt.J , 5.~1: -51 ~ •. 1 l l" ·-· . 

ACC1Jr11JLIITf' .. Ill 0!'. -3.t:\6,320 -?•EI7!o47n •2•61~.,~3 -~.:"37.598 ~::>.o5J·6~0 •1ol54o97n·-1·""''"~? •1•127•4~6 
. IICCir!·'rJI.IITF.r ~ Fv AT. 10!0 -~ o1 :'If,. 320 -2 t <:io<;· ,IP•). -2 tb.f'. ::>·,_'!1.:" .. ·2, 47~,.11;:>_ .:-:?, 2AU • 'CI2 __ :-~ • r:9r.,,1 B_'l· •l, ._.~2, :!\~'L.- 1 t 7.5!lt 3'5 \. __ 

o\~oNUAL Cf'ST ,\FH.H Tr.x CI1.JV!"'''T I Pill\ I $/Fii.3TU = -2.721\llP.l 
AfJ~JU.lL C:OST .lFTf~ T r.x ~~~l /H~ ~/!!'l~;tU = -2 •. '1"154137 

Afoir~U-'L CO~T ":EFOJ>f.: TAX cor-, ~11: ~rr 1 m~ 11 L 'f..'~1BTII = -5.:.!)~:>3f>i 
Ar\NIJ,,L COST :lEFCf'F: T~( Sf:l.,\P. 'f..''-';i:.'.Tii = · •!:>. 7'WR273 

1\1~1 C•1ST ;~E.FOFE Til. X ~r.t.IIH CH·'l Y -t;.'~!F!Tt; ·- -5.q254;,>rlo 



_____ SOLAH .CCSTS ...... ............ ,., ... ~ 
FUEL 
FIY~fl .. C"iA~r.(S 
rlOILER 

..... li ... HHAL ___ __ 

COP~VE'·ITIC~llll_ C:C!'TS 

·················~ FllfL 
f,QILf.l< 

2 l i\.T -~L 

____ J'A:< _CIIL(lJL 'TTOt> 

******** ......... . 
SOLAH: 

---· .OE~ORF Tt;"( 1\t,n Ott-'T W"nAy;..,- __ 
-l.JEPPFC 1 AT ICI-. 
TAXI\r;U: ]'. CCf'f 
-I r-lf: r. ~ r . r _, x 
-IMV[ST T~X CPEDIT 

CO~:VEI~TIOI·•AL: 

TIIXfll'lLE' Tl-~r.:cm: 

4 l TnT -il !I r~-."F: TlllC 

.A'FT[Q TtX C-~~H FI .. OIJS 

•••••••••••••••••••• 
50':..1\P., 1 l -~I 

_ CO'JV[I-JTIG~l.lL, ~ t-4 l 

NET CIIS~ FLnW lFTEP rn~rs ........................... 
ACCUMULDT[n liT 0% 
ACCUMUL~T~r_NF~ ~T 10~ 

1'71i4 l_qA5 1 'lr.(.. 1 CJ.t~7 1 '? r. P. 1 CJi1"1 J <)t.'l I' 1<'l':lt 

-~19,f-b7 -':i4!i .f\t. 0 -57~,] ">3 -,;r,l,IHl -(,3] t901 -.:.~=..~.497 -;,<jf,. F- 71 -7:·H,5115 
-~o,nno -3n, n r;l'l .-311,1'(10 -31i,f'lftl) -:~(i. 1')1)0 . - -~", n 11 n -:>-•1, nrJn -.jfl, 0!) (l 

-.~<; 'c;.<;y -::-:CJ, ~!t"t~ -~r;, ~n<: -.'\'1,Q"lG -3G 9 <V:><-I -.3"" t ';'1C• -~·-• ,c..yn _ ~lJ t r-: -f'1 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
:-:~fl9,f.~&7 -bl5,1.l~>O .-&~.3.153 ....... . -67l,f•.l1 .. -.701 '9.01 . -- -73.~' 4':-17 . -7 (,·~.I' 71 --"01,505 ... 

-1,1"3'l,734 -1.091.7?1 _, , 1 •1.;;., ~ n7 - 1 ' ? •) -"' • (-. ;:>? -1.~6? .• !i(!3 -l' '\2{,. 9':14 -1 ':~o.~' ?:<+:>; -1. 1•6.3,•)10 
-3':',9':1':> -?,9,qc;o • 3C.J t C.C:'-1 -~":'. C•l.:tC. -~<;,YCl<J -3'},9~9 -.~':! ,cyy -.~':'.-;1~9 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------·-
-1.1}74.7j~ -1tl?'-lo7:;>] -1t11'11;.~(17 -1,?4::r.,f.?2 -1t303tA03 -1·-~66t9'14 -1.'+36,34'\ -1.~o3,uto 

-c;ft"i 'l!f.,7 -I=.~ "i ,(';.(1 -:-t.4 ~', "-3. -::.71 9 r.!_l_ -701.~(11 .. -7:>;.'1,497 -7r,,;,,t:,11. -- .-»0] ' ~ •.) ') ____ 
-·•?It. 240 -1 7'4, ::> 'J n -17u,;o~,n -17~.:l<+n -174,?40 -174t2'+fl -174,:"-l'l -1 7<. t ? 11 (I 
-7(-'!,1Ct7 -1-1n,1nn -1117,?.q~ - "·'• ~-. 0 <; l -ll7f.t141 -C.•J7. 737 / -<H;f"',':ll1 -o7'>, 745 
-:·r~ 'u:..3 -3qs,oo:r. -•10''• ~ t1f, .-'1?. -~, P2'i -4:'1t-.n7n -•1:5:::.. ( i-.1'-. -

1171!. ~~"' .. -
1
1 '' 7 t '\ 7? 

(l r. t1 i) i) r. ., r. 
---·------- ---------- ---------- ---------- ---------- ---------- ---------- ----------

-:.,P2,0~3 -3·1s,oc:;o -··I') i<. f,'l(,_ . -'12?.,(>2~ _ -·~3F., 07!J .... -453.116~_ -~7U, tc~~ -4 ~7. ~-72 ... 

-1,n79,734 -1•131•7?1 -1·1.~~•'"7 -l•~'+~•f-?2 -1•~n3.P03 .-1•'6~.594_-1,4~3.~4' -l•'i~'~~•"ln 
-o::'I~,H~7 -c;r-.s,Ar-.(1 -59~,}~3 -~?l,H11~ -~~1•901 -1=.~~,497 -7th,f71 -7~l.SJ~ 

-?(17,b13 -2?C,Aln -;:>:~4 ,ll"·f.o -?~~'.7'!5 -.:>£.3,P-~lt -:'7"itf2A -?Gt;,;?l'i -:'>} j,.;.,;:> 
-~-39. ff-,7 -~t.",FH-.0 -">9'~ ,, 'i3 -1-21,n.11 -">"'l•G01 -;~('.3 ,11':17 -- -7lt,l'71 -75l,'i05 

. . ~32,1)53 3115,(!<:!)- 3". "· ';: C.F- ~ 7 -~. ;'!;:>"' _31'1'! 1170 111)3, P':-i\ 4;>'1,11 5':'- ,, --~ 7' fl. 72 

-7'?~,353 -<+c;n,3r.:::> -91, U'.f. ='~'~1·41q :,f,<;,II9U 1tl'7!1t3'5q 'l.t49~.~:1<; l,o:>-l,t,i\7 
-1tl"03t445 -.1.t4<;7tl11l. -lo3Jn,Pt7 -1.1f'P,n7* __ -J, ,_Qf-4 t4:::>?. .. -"147.4.3f. -11:"1->,717 -_731, Q<j~ 



w 
I\) 
0 

SOLM ceq; .............. 
FIJEL 
FIX!O:Cl CHIIIlt;[S 
:-'(}ILS::Il 

.!L10TAL 

CONVENTIONAL C~STS 

······~~*···~···•~. 
F!!(L 
•· 0 I L ~:;:; 

2 I TOT4L 

TAX CllLCULl\T lM 
* * * * • "' •••• ·~ • * * t 
SCLt.R: 

'-'[FI1HI:':. TI\X /'rr_1 r>c-!'T f<fP!\YI•q 
-OfPrH. C I !IT l r.r·, 
T .II X .'fn E H t:r.1•F.. 
- T ··•( 'H E T' I 
-I~VF~T T~X CHE~IT 

CO~.iVEi'JTinf"Jul : 
TllllllrU: !i•t:'r.•~F: 

41 TOHL. rr-·con:: Tllx 

QFT£R T.O.~ C~S~ FLU~S 

········~**'**••••*• 
SOLIIR, ll-'!J 
c (HJ ,, r r. r In f\1 .o.' , 2 , -4 1 

1·JET Ct.<;~; F'L "li·J I:FTE~ T .\>.FS 

****·******** •• ·······-··· 
ACCu~:I!Lf•Tr:::r. Ill 0% 
AC(lf11ULIIH." ~·r:v .liT 1·1~ 

-7~,.,08G 

. -~o.ooo 
- 3''. 9C,9 

-""nF., '-+-"4 
-3Cofl!'C. 
-'1-C:.qc-') 

•f\U(.. t p.:) .=> 

-3•'. -~ft) 
- 3~ '~~C.'=? 

-•1 -"9,149 
-~o. ~oo ... 
-~~~·' (l(f9 

19% 

-'H3o'Sr.l> 
_ -~PtOCO .. 
- :~r;. ~<;9 

---------- ---------- ---------- ---------- ----------

---------- ---------- ---------- ----~---------~---~--

-!l3e, :;:1o .-~76.~"4 -·9H .• ~Co~'-· - "'':: ·~, 1.4~.-- 1 t.O ('1;5 • SO£: ... 
_,_74,2'-+u -17<~.2:;!) -·17",;:>41) -174.~40 -174.::>40 

-lt'll~,~~;?lJ -1tO"'iiJo7:;)4 -1•'191 ,fjtJP. -1 , 1 3 >, • ·H: 3 - t • 177 t -\4 f. 
-~r~.l6C -~?~.3;2 -54~.~24 -5~~.~~4 .. ~5~ft 0 23 

0 Q D 11 II 

,;,l • "i 7 f., • :: 41 -1 • E':"' 2 • ''>.,: ':1 - 1_ • 7 'I~ t ~- 1. 7 -~ 1 • ')1. I' • 2 q A _ ·1 • 9 (17 t 2 t 3 _ 
-76a,ma~ -e:;)~.4~4 -~~~.~0~ -9u9,14Y -9~3.~06 

-:::::1} .92(1 -3:;j .t~::> -371 t ?F<<I 
-71\J 'l'l:llJ -R21'.o4.04 -1"'='(, ,_[,(IF' 

-~·~;>.·~54 

.-~l 1 ':?ol4° 
-'•t ~ '6f>3 
-7~~ .• .:,(!(,. 

2o~R7o64E ::>oR~3•2lO 'l•~5~t73~ 3o~75t429 4t4l4t'l53 
-f,~?.E-20 -5:'\A .5-;-:::> ____ _qu'? ,4'-'7 ___ -3!'-4_,_96 1:!.. __ .. ~2.fli.I,H:if.. 



APPENDIX D 

ECONOMIC ANALYSIS: 

Albuquerque - No fuel cost increase 

Albuquerque - 5% fuel cost increase 

Omaha - No fuel cost increase 

Omaha - 5% fuel cost increase 
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-s~ct· -"':iCJ 

---------- ----------.;.tra,tlt, :-, ... , 794 

. •5oOU3 -3,<;15 
:..1:\,0'+7 •13,nlf'·7 
•1MoU51. -11>,'16~ 

•!h025. . -8.1161. 
0 0 

---------- ----------..;.g,o25 •IS oiJK1··. 

.•14o1l6 -.1 ... 7'ltl . 
•7oO~A. -7,397 

IJo022 
.y,·o:t8 ... 

•?02o171 •190o770 •17~olt8CJ 
.-201. eoo.. _~-zoo .. au. ·- -..l. 93 .1_,3 

-1~7.72& 
. -1'3&,.579 

-2.2~'\ 
•lt20 
-so 

-3«;0 
-559 
•lf"'O 

-----------4.021 

-14o946 
-sr;~J ----------. 

-15,51}6 

-4.021 
·13oC'+7 
·-t7,o69 

-8,534. 
.0 

----------. .. -a•s31t. 

-t5oSOf. 
-7~753 

4,512 
..:-7.153 

•t!'i5o46D 
-t80,Q!55 



. ~LBUQUERQUE: 5 PERCENT FUEL COST INCREASE 

.SOLAR. COSTS _ 

••••••••••• 
FIJfL 
_MAit~TEU\NCE: _____ _ 
REPLACI""f1EI\T 
FDEO rHARGES 
!301LE!l ··--. --- ··--· 
INSURA~•CE 

1 J.. TOTAL .. 

191.15 

-2.351+ -2.1+71 
-420. -1+~0 

-!;O --o;n 
-i'bO -3 .. 0 
:-·ss·9 _ -5"9. 
-ctu·o · -4n!l 

---------- ----------
-·-- -· -~1+,134 ·-· -4,2o;1 

CONVE~TIONAI CC~TS 

~ !.~!·• !<* ·~·-· •.!"! ._>t..>!'.
FUEL 

---· ·--·· 
-15,f>93 -1f>ol+711 

BOILER -5~9 -~""' ---------- ----------
21 TOTAL -16.253 -17o0'111 

r 

.Jj!.X_CALc.t•LA.TI.O" __ ··--
--~------ --

••••••••••••••• 
SOLAR: ... 

BEI=ORE TllY _AI\0 Dfi'H_ I'F"PAY""T. -4,13'+ -4·?.~1. 
-Df.PR£ClAT101\ -!~.01+7 -13t0~7 

TAll''\~lf TIICOt'f ---17o1lll. -17o?.Q9 
-INCC'P'E. HX. -~.:.'1(J -A 0 f,IJ':I 

-INVfST TAX Cf!EOIT 1:! " ---------- ----------3)_ TOTAL Illlt:'O"E TAX -·· -s.s~r -8 ,( ... Q 

CONVENTIONAl: 
·TAXIIPLE Th•CC 114E. -16.25~ -.17. 0~~ 

4) TOTAl Il~((\1"'[ TAX -8.126 -flo51q 

AFTE~ TAX CII~H flO.tS 
•••••••••••••••••••• 
SOLAR, 11-3 I 4 ,'!~t- 4o3Q7 
CCrNVF"NTI (lt-41\L t 21-4) _..;n, 126 .... -13.51"1 

NET CASI-1 FLn\ol liFTER TA)IF"S 

•••••••••••••••••••••••• 12,5b3 12o917 

li.CCU .. UlHf.r. liT 0~ -11f2,87t: -t:?9.~o;9 
_A CCU-'lULA.TErUIIP_\LAT .10\'- ... -174,215 -· ... -16B,7~1'. 

·-

1968 

-?.~<!"' -?.7:>.5 -2oA1;1 -3.004 
-2!. 3£,0 -420 ·-420 -420 
-1,:'\!iO -so -50 -::)n 

-:'151.! -~50 -:'l'lO -3~0 

-~"9 -55':1 -55'1 -5:.>9 
-400 -400 -&HiO -I+J(l 

---------- ---------- ---------- ----------
-~~.~15 -1+,505 -4of.l+1 -l+o7dl+ 

-17,:'1(1::> -lt\,].67 -19o075 -2o,o2q 
-!'5"1 -c;sq -559 -~:.>9 

---------- ---------- ---------- -----------17oaf•2 -1f'o727 -19ofi35 -20o589 

---·· ··--· -···--·--·-· 

-~.6l" -1+.505 -4o641 -4. 78·~ 
-1~.1147 -t:l,n47 -l3oiJ47 -13o0'+7 
-?.1ot'.5? -l 7 ··';52 -17of...<IA -17ot'~?. 
-tn,fl:31 -f',77~ -tlo8'+4 . -1.:1 • 'Hf.. 

n (l 0 ('I 

---------- ---------- ---------- -----------1not'31 -8.776 -f.lo84'+ -!'.~16 

-17ofl6?. -1llo727. -1 ':lo 635 -2o,r:;~q 

-1\,<:131 -CJ,:'If,3 ":"':lofl17 -1Ho2Y4 

~.~16 4o271 4o?03 4 o1.S1 
-Qo931 .-"! •. :'IF.3 -9.~17 -10o2~4 

__ .11.147 13.635 14o0?.1 14. 1+2"f. 

-11ri,A11 -105o1.7f. -"11o1!i5 .-76,72'!1 
... -lf.Uo43'? -15~,(-.60 .-l5So192 -151,013 

-::'!.1~4 -3d1?. 
-420 -960 

•!lO .;.7110 
-:o.~n -~')0 

-<::~'? -5'59 
-411(1 -400 

---------- -----------4. '331+ -6.2~2 

-::>1.,n3t -~2, r,,':\2 
-5~CJ -5">CJ --------·-- -----------?t,c.91 -22,642 

-'+,<:;~4 -f. 2:)2 
-l-~,.1'+7 -1 3. ,,,. 7 
-17,<?fl~ -l'J, >,.~9 

_,,. '?'11 -9,6134 
!1 0 

---------- -----------11,"!'11 -9,6&,4 

-~1 ... 91 -22,(,'+2 
-111,795 -11.~21 

4,115~ 3,,.,? 
-lc1,7'15 -11.321 

14,~5?. 11+,7P3 

-f.ol.~77 -'17,}73 
-147,10~ -1'+3,582 



SOLAH Cl·STS ............. 
FUEl. 
I'IAP~TE' V:CE 
REn ACri:EI\ T 
Ft'XFO ('HA'<GF:S 
BOILER 
INSIIRA•·C[ 

1) TOTI\L ... 

CO~JV£~TlO!~M CC~lS 

•••••••••••••••••• 
F.IJl L 
BOJL[q 

2) TflTAl 

·.TAX CALCULATIO~-
****••••••••••• 
SOLAR: 

~EFORl Tl\~ A~~ UEnT R[~~~~T 
·DEPRfCJAfJO~ 
TAlCIIPLf" t•,COf'f 

. -INCO~:E. T.n)( -·. 
-INVE~T TnX CRfOIT 

3) TOTAL I~CO~E TAX 

CONVf"'I~TJClNM .: 
TftXM~lE.. !IJCOI".E. 

4) TOTAL I~rO~E lAX 

AFTEP T~X C!~H FLO~S 

········~··········· .SOLAR, l)-31 
CONV£NT 1 nNAt, _2.1~9) ... 

NET CASt• Fl"'l~ AFTE~ TAXf'~ 

····~········~··!•······ 
ACCUMUlftlf~ IT 0~ 

ACCUMUL~TED ~PV Ar 10~ 

1':!92 

-3 ... 71' 
-'+20 -

•Sil 
-.3')1J 

-· -~~~ 
-'IO(l 

----------5 .• 25b 

-~:3.186 
.-55'!1 

-----------23.7'+6 

_.,,, 2!'>C. 

-1'!.047 
-·tr.. 305 

·- -<;·,152 . 
0 

ALBUQUERQUE: 5 PERCENT FUEL COST INCREASE 

!<:;·93 19<~4 ., ';.>95 1996 

-~.£.r:;t -~,,.34 -'+.nC'£. -4.~27 
!) .. 0 0 0. 
IJ 0 0 - (J 

-?;r;;n -35!1 -~S(l -351) 
-5r..'f -"!'') -55'3. -!)!'9 
-4f1(1 ·1100 -1100 -400 

---------- ---------- ---------- ----------
-". 9s.1 -c;,]lf4 -5.336. -5o!B7 

-2.4 .S4r. -2r:;. !'t.~ -~f.,A4\ -28o\ll3 
-5"" -!':<;'1 -r:;~" -')CiC] 

------~----. ---------- ---------- -----------
-24, 9r,,. -2t.o123 -:?7,&.(ll -2~o743 

-4 .~1. -5 ol44 -5.336 -5·537 
-1 3. 0'4 7 -1'1.047 -1~o047 . -13oOII7 
-lA,Q.nq •1Ao192 -1~,,~3 -lbo~AS 

-9.on4 .. - .. -q,oq6. -'h 191.. ___ .. -q•2CJ2 
0 0 (I 0 ---------- --------·-- ---------- ---------- ----------

-'1.152 

-23.7'+6 
-11.873 

,3,AC,I+ 

-11.~73. 

15·· 7~F>e 

-3114(;~ 

-1.1+Q.,151. 

-'3.t'!ll. -'h292. __ .. 

-:?. ... 9-tJlo.... ---2~.123 ·--27o401 ........ -28o71f3 
-12,4~~ -t~.n61 •13o700 •14o371 

4o0u2 ~.951 3o~55 3o754 
. - -12 t 4c; :'\ . - ... - "!l'\ I Of>1. ···- -.-13.1 70 0 ......... -.'!"14 t 3 7.1 __ .. _ 

17o013 

-14o9~q ~.1(1&. 

•136o8n7 ... _ .-13~,£127 
19.~ho• 37o7A7 

.,.13C, 956 .. -... - -t26o~62.._ 



w 
1\) 
\0 

OMAHA: NO FU.EL .CQ.ST JNCREASE .. 

CA"'P~ELL•SI\rHn:f:IIITO;~'IUiq HnT l 1I'.T[Il f.CI'l~·Oh!C<; 

········~~·~·············~·--·····~~········~ , ~1& 1 ~77 

SOLAR CC~TS . ............ 
FUEL 
M '1 ~, TE':.•·r·CE 
Rf~•- AC<'; !"!> T 
FJ):P) r··il>~b[S 

!:!OILE~ 
Jr.•S••c;·l!• Cf 

11 TC'Bl 

-co•:~trr.ntr.:at resTs 
···~······~········ 

Fllf.l. 

BOILER 

21 l'I'TAL 

TAlC (ALCI'LA; J('lf, 

•*****••······· 
SOLloR: 

q[C:I)I([ Til~ lit. tl 
-[l[PRfCliiTIOf. 
Tt•wARlf" F COP'£ 
• i '•CO~ 1: Til X 

tlf~T 

-l'!VE'S T Ttl X CRF.UlT 

31 TOT/IL l:!r:r::·'E TAX ... 

COIII\'f."·IT J rN~I : 
TI\XAfLE T''CCM: 

lfl·tou~ H:(";1"'E · TIIX 

r.Ft(R TP)( C•'S'"' FLOwS· 

···········~········ SOLAR, 1 l -~I 
CO~JVfNT I ('!~AI , .2.J.-It) . 

0 -If .c.r.~ ..; .. ,~,(; 
0. •lf!:'O . : -'120 
0 •'<0 ..:~ro 

0 -3<;0 -~~9 

·- . .. .. ·- 0 ... -5o;~--·-- ... .. -!>~<! 
c -4.11(1 -401) 

---------- ---------- ----------0 .. -~.&i~5 .. .... -~.4!'.5 

u -~1.1<;7 -]1.1!'\7 
0 -5 .. ~ -0:'\'l 

---------- ---------- ----------0 •llo7J7 •11,717 

R!'"PIIY!"'T II ...... ~!' -~.111',5 . 
0 -13' 0••7 -l~of'47 

0 -1<.',513 -1•-:,51 :'I 
(! -9.7 .... 1'. -a,7!;1'. 

?6o095 0 (I 

---------- ---------- -----------26ofJ<J5 -9.7c.6 -~.75£, 

1: -11.717 ~11o717 
(J -<;,Ro:;~ -o;, ... <:p 

-;>~ll.h55 '1,2an ~.?c.c 

0 -5,A<;g .... -c:; t f~t, 

NET CASt- FL~''·;· <IF1Tk Tll)f"<; 

•••••••••••••••••••••••• -~:'111,1'~5 . 9o14<1 q 114<1 

AC'=III>iiJL·r Tf•· Ill ..... _,"~ .. ,~~~; •.?:>~. 7r,r; -21 ~ -··'""\7 
ACCPi·:ul!·.TE.- ~;F II IH 10~ _.,3 ... 1'~5 -22.:..::~~ -21!\ 'C,7f, 

I".\ H: -o:= -"El• ·.If. Fo,ll ;o "Jr.,··~ = -t?.:r.Fo7'l~74 

Ar..IJL~IIl rosT '!1:'1 Flo' Til'< rnr:vfTT H'''·'' !/1-okTU = -2.oq?:~lf69 
/.I·:!J!J:,L C"ST .. Fl[;l r .. < !':''L :, I ~ tr bTU ~ -H.72!>85111 

M·hiU!\L .CIST lE.Fi·•l[ Til'< cr:~·vf "'' rr.r.•.'l $/~.FoTro = -~.1P4f..93EI 
At..:,;:J,'\L C'1ST ·!~;:r.tll I •' 'f ~I) I llr. s./>~f-T•: = -1.7 ... !i17Ho 
M~"jlJ,\L t:'ST ·,EFl· 1•E TH !':t:LH: N .. LY 1/'•ti T!' = -2~.612~6~ 

1979 

•llot..A~ •If • F.P.f, ~q,£,86 

--·~20 .-'+20 ... ~'360 
-<;o •50 -70C 

-~50 -350 -3~0 
•S!)'J . "".55'J ~· .. -55~ 
•'If)() -1100 -1100· 

---------- ---------- -----------!>.!!£,5 ·-E.· 455 -7.655 

•l]o157 -]],;57 -l:1.f57 
-C,~9 -!'59 -5~':1 

---------- ---------- -----------1lt 717 -llo717 -11.717 

-~•4!:.5 ·-6·4~5 -7.655 
-1~.n47 -13ofo47 -l~o(llf7 

-19.">13 -19o!'13 -no,70' 
-'?.756 -9o75b .-10o3:l1 

0 0 n 

---------- ---------- -----------<;,7~6 •9o75£ -~n, 3!:>1 

-11.717. .-1lo717 -11.717 
_ .. ,, t'58 -!;o'\!'of\ -~.11!:11\ 

~.?9() 3o290 ... 6.95 
-5.'.'58 ..... -~·058. -~.s:;e 

... , .. "f 'h11i9 ~. 5!:>1f'· 

·?G7, '' 07 ·-t'H~o?."8. -1~<1,7J&l 

-212.102 -205o!'~3 •21lllo5'+2 

19r .. 2 

- 1hl;81= •lto6fl6 
-1120. -420 

-5-ll -so 
-~~1' -350 
-55'? -55'3 
-llUIJ ·lfOO 

---------- ----------.-f.,11&5 -6,1165 

•11.1~7 -t1ol57 
-s~-· -~'j'j 

---------- ------~----11.,717 -11.717 

-6.46') -6,11!.5 
-13,0"7 -l3,o47 
-]q,'\1'1 -19,513 

-9.75,; -9,756 
I) 0 

---------- ---------·-
-'3.7!:>(, -9,756 

-11,717 -11.717 
-~. ~!:>·\ -5,n5J\ 

:-s.?':J'l 3,290 
-5,P.5" -s.as~· 

9otlfC '3,1 .. 9 

_,'Ill,!'_!; .. -1.71,405 
-195o377 -1 •:ru .682 



w 
w 
0 

C»1AHA: NO FUEL COST· INCREASE 

'9;;4 l "'"' 5 1 <U,f> 19P.7 19A.8 1 c;:1,19 1 •v•rr 1 <)':11 . 

SOLAR CCSTS ... 

••••••••••• 
FUEL -It ,6ti6 •4of.a~ -<l.~'ll'. •Q,F.A;:. .q,,::,f\6 •f4t651'. -4,'-6.:. -'+ , •. -v; 

-----~A I~!TEt·l!l~'CE. -'+2() -Q :>[) -~.3&,() .. - .. 20 -420 "•'4<'!1 •14i=!.l -~-so 

RfPLAC'"fl[i\T -;,·o -c;n •1o:'!"i0 .c;n -so .:;, (o -~n -71'11) 
FI>.f:O r"HAHGES -3~0 -3<.fl -"<;r. .... 50 -'!50 -3!ll' --"~ 1 -~<;n 

____ BOILER. __ ... _ -~::>':! ·-~.r;~ -": c;c: -5!j9 -!:59 -~:J~ -«~C _l,:,9 
IIIISURA•'CE -QCC -411(1 -4110 •&IIIC - .. no. •It "'' 

•ltlll' .r,nl'l 

---------- ---------- ---------- ---------- ----------- ---------- ---------- ----------
1)_ TOTAL -· ··-- ····-- -f,·,4f.~ . -f, . .-'! F- ~ -1n.7r.~ -'-.465 •(o4&,'l -f..'",.,,: -F-- .... b.; -7,,:..s~ 

CONVEtH I ()1~111. CCSTS 

·-···-·· ....... ,. •• !!.*11. -· 
FUfL -tl .1~7 -1lolr;7 -11t1<;7 •11.157 -11·1~7 •llol::17 •Po1!:;7 -11.1'>7 
80ILER -5~~'J -5c;~ .c;.c;o -"'59 -r:::o;c:; -r;~,n _c.~r, .. :,r,o 

-----·----- --------- ---------- ---------- ---------- ---------- ---------- ----------2) lOTAL -1L,7l7 -11.717 -11.717 -1t.717 •llo7l7 •l1o717 -11.71':' -11.717 

JAX. CALCUL~TIO~--...... ,..~ ......... 
SOLAR: 

BEFORE Til X Ill\ I) IIE'!H Rr-p,, 'I'I"T -~.4.;~ -"-•'+'-5 •)!'1,705 -(·. 465 •f.t'lf.S -'~' -.b!'\ -~' ·~ ,~ -7,.,-;c:, 
•.CEPR[C It. T lOt. -t"!.o-.7 •13o01l7 -1~.r,47 -l:>io047 •l:'lotl'+7 -t.~.r,<~7 _, ..... , .. 7 -1 ~. :.~ •17 
TAlCII~l~ FCC'? f -1"1,5 1.3 -l'h!'1' -:>:"..7"3 -1'1. "'1!1 -19•"1~ •lu •·"1'1 _,_<; .... ]~ -:>0,7)'1 
•HICQ~E T •. X - :1t 7":-f- --~. 7o::f, .•l1od7f-. .q,756 -9•756 -• ... 7~1'- -':'.7~~ -10.351 
•lNVrST.TII~ CP£Dl T 0 _,, I' 0 0 r. , ~ 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------3t T"lTIIL JtiCO"'E TAll -':1.7~6 .q.7c;6 •l1o876 -~.756 -9·756 -~.7'!:1€- -~.7~~ •10o351 

CONVENTIONAl : 
.. Tl\XII.J:LE n:C~":f -11.717 -n. 111 -llo717 -11.717 •11•717 •llo717 -11.717 -11.717 

I+ I TO TtL Ir!r.O'.-·£ TAlC -= . .-::,e. -s.·ac;A •'>of~<; II •SoA51\ •"'ttiC)8 •!>oR'!:II' -~ ... ll~Ji -S,i\5S 

AFTER Tt.lt C:ll<;f-o ~to•.s 

•••••••••••••••••••• 
SOLAq, 11-31 ~.t!-10 3t2QO , ,,_ 70 3,:;tc;:~n 3•?.90 :lo2':1(1 3, :•':In 2·6"5 

" -~,M:-f' -5,::\!::J!! COIIJVF:Nl I Qt·IIIL, 2)•1+1 -e,H~P. -~,Br:::R -•itP5H -<;,1·5~ -5 •'15!! -~·' n!:J·~ 

NET CASt-l FLOW liFTER TI\XF'C) 

················~······* .9o14Y q,149 7t02"~ 9. 1'+9 9 •149 <'It 1 '+q '1,1 .. q 6.554 

AtCUMULATFn AT 0'!: -1 f2: ,256 -1,..3,11'1~ -l'+f.,(177 -1. 31'-. 928 •127o77A •!J.~-<,62<) -lO"~,~t!O -100,925 
-· A-.CCUP'lULJI TEO r•P.V liT .. 1 'l%.- -·-· -18& ... 14 ..,.].1:: 2 o 5~U ~17<Jo82:1 •176o617. •173o701 -17lt0:,1 ·168o64:?. -166 ,'sCJ,. 



OMAHA: NO FUEL COST INCREASE 
,_ Q'12 B~3 1'3G~ 1.'395 1CJ96 

OLAR CCSTS. ............. * 
FllfL ,.-~.686 -4,6~"- -U,f!.f'.f: -4,(..86 -4of.P6 / 

P'-li fr.• J' E!. ,, r·: C £ -~20 ('1 0 0 () 

kn .1. r.o- ·"~" 1 -50 n I) 0 0 
F= n F: '! ('"Ot1(.,f.S -35!• -30::(1 -:'\~!) -35fl -~c;o 

AOJLE:k ·- -5!>S< -5""' -~~~ --~59 -S!'!9 
Ir-'~t•R.v·r:r .-4UlJ• -4·nn- · -rino -aoo -400 

----------· ---------- ---------- ---------- --------~-_) Tf.ITIH: -6,4~5 -5.9<!5 -5.<:'15 -:,"lS<~ . .,.!),q95 

:ONVENTION,\1 .. C"Cf>T'\ 

·······~··~·*·····-F'UF.L -11.157 -1lt_lc:.7 -1;,1!;7 -11. •. ,~7- -11·1~7-
ROlLER -!"J5CJ -sc.'l . -5C:"! -5!)~ -5-;q 

---------- ---------- ---------- ---------- ----------· 2) TOTAL -1.1.717 -11.717 -lt.717 -11.717 -11·717 

TAX CALCULf,'!' IOt, ............. ,. ...... 
SOLA~: 

HEFOkE Tt\V .IIi\[ DEPT P.rPAV'f T -b,ltn5 .-5.9q!j -S,CI<;I!) -5.~95 -5·995 
-L::PJ-:r"CI/11 T.OF, -13,(1'+7 -l3oCII7 -1:7., r ... ,7 -L~ofl47 -1:<o047 
TliXAI;LE" J' (('~I f. -1., • ..,1~ -] q. 1:01 :>1 -to, 011.:>1 -t9oll43 -t9oil43 
-I;~cor E r.• x -':;,7~E -~.5?1 -"·5<'1 -9,r;21 -<:.521 
- l!·!VE~T T;··( l~<fDIT (j 0 (I 0 0 

---------- ---------- ---------- ---------- ----------3, TOT t.L I! •r•)"E TAX --;,75E -"!,5?1 -G,5:?1 -9.521 -9·5~1 

cor ;vr;rJT F: 1!,.' : 
lAX:.til( T.~CC:·-t. -11.7li' -t1.717 -11.717 -1! •. 717. -llt717 

4) lOT -~L J .... : , •.. t:: TAX -5 t f.,~f -~ t 6r:,A -<;.~51' -5.,.5~ -5·1'~8. 

,'\FTE'~ Tf:) c ':<;t-' FL:H:S 

····~~~·~·~···~··~·~ 
SOU.P, .1. I-.,_, 3,29(1 3t5?<i !\,'i::>S 3,525 3o52~ 

. C.C.'-1\/nll' I ~r·:t.l ,_2.) ..... !!). -~.tl~o -5 ,l;!c,f.l -· -"':,ll5t: -5 •. ~58. -:..~511 

I'IET CAC:I:- Ft_ '"-1 IIF"TfP ruro; 
···~····$·~·······*····· 'j,l'+':' ~.3r.lf C?t3Bif '3t381f 9.~e4 

ACCt·!'!•l !.TI:"" Al () <' ,, -91,77~ _;f\2,3<12 -7:r.,un7 -1>3.~2~ -~4.231\ 
-f.CCll~·:•t -"· H:··. ~·F\, f1l l!l~ -l£,4 ~bU3 -11'12.7~F. .. --161 o1151- -1~<::>.:;_2'+. -15P.o1::.'Y 
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APPENDIX E 

·ECONOMIC ANALYSISi. SACRAMENTO 

a. ERDA assumptions, no fuel cost increase 

b. ERDA assumptions, 5% fuel cost increase 

c. Industry assumptions, 3.4% fuel cost increase 
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Sacramento: 5% Fuel Cost Increase 
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·············•$*•*·······~~.,k~·~·······¥··~· 
'97h 1':'77 197~ t CJ'f9 l<lt!O 1911-l, 

SOLAR CCSTS 
••••••••••• 

FIJEL 0 -2 .• 5~.,:. -:;,f,q4 -~,'l~CI -2·'?70 -~.lll\ 
'11\J~,TP:M;CE !J. -~~(1 ~420 -1120 -'+20 -~6Q 
Rl'"f:LIICc-~:Fr\ T () -'-;1\ -"'0 -513 -so -7Uo 
F HED rtti\~'GES 0 -3r.n .;zc;n -.~50 -'150 --3-~0 

BOILf~~ • -·--a. - 0 -5<:'l -~-~n -!'>50 -559 -5:l9' 
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----------
_________ .;. 
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q(J:PPF. T'l\f 11'-U 0[!:1 ~DIIY!-1T 0 -4.~ll5 -4,1174 -4.-soq -4·750 -r,,rli" 
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·······················* ·-?!=.~. 7~c;. ·tlol7e 11·3~3 11obl!! 11• '355 11.509 
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---------- -----------.111 t 79A -1~.51'1 

-~.0~4 -s.21e 
-14,<)81; ·-J4,9A6 
-?n,r.'+t -~O • .?.U5 
-10,020 .. -10.102 

n 0 
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-7.~9q -7;·155 
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****** ................ 
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•••••*•······~··~··· 
SOLAR, 1 1-31 l':n "' -31? -1',42 -950 
COI•IV El'~ T 1 tlf-1 G 1., 2)-4. .. •'1, 3 G 1 -9.616 .-o,s;.:~ -H-.=253 -10t592 
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. sacramento: Industry Assumptions· 
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FIXFO I"HIIRC.[S 

0 
I) 

0 
0 

-2.5~&.. 

-4:>1)" 
-"'(1 

-3"'11 
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BOILER 
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.................... 
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•D~'"Pwf ('I II r To;, 
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----------
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----------0 
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o· 
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" 0 

I -?.<.~ ,759_ 
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-5!)Q -S!:;<t .-559 ---------- . 

.; _________ 
~----------13.312 -1'1,741; -1'+tlq .. 
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·-13tiJ'f(J -11t'ltll ·-10~1'..50 

r. n 0 
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. ~--BOILER -- ---
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A OILER 
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**************' 
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T ,a- II !3 L F: J' · UJI' F: 
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-~1 T0TAL ~~~Q~E TAX 
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······················~~-
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0 
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·. 
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PJ~tjiH,'ICF' -4UO -linr -~onn -'11.1 0 -400 -4110 -4Wl -11 •10 
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