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2B.5 Pebble Bed Storage System Parameter Set

The parameter set for the pebble bed storage system is listed below, as reproduced from the program output,
along with default values in I-P and Sl units.

©OA®MUAEWN=

Unit Unlt
Default (I-P) Default (SI)
CITY CALL NUMBER 127 127
VOLUME OF PEBBLE BED STORAGE 440  FT3 125 M3
BUILDING UA 520 BTUHR-F 275 WIC
FUEL (1=EL, 2=NG, 3=OIL, 4=OTHER) 2 2
EFFICIENCY OF FUEL USAGE 70 % 70 %
__DOMESTIC HOT WATER (1=Y, 2=N) 1 S R
DAILY HOT WATER USAGE 80  GALLONS 300 LITERS
WATER SET TEMPERATURE 140 F €0 C
ENVIRONMENT TEMPERATURE 68 F 20 C
DHW STORAGE TANK SIZE 80  GALLONS 300 LITERS
UA OF AUX STORAGE TANK 76 BTUHRF 4 W/C
DUCT LOSSES (1=Y, 2=N) 2 2 :
INLET DUCT UA 19  BTUHR-F 10 W/C
OUTLET DUCT UA 19  BTUHR-F 10 W/C
PERCENT DUCT LEAK RATE 15 % 15 %
LEAK LOC (1 = IN, 2 = OUT, 3 = BOTH)3 3

2B.5.1 Feasibility Study Input, in -P Units, for Pebble Bed Storage System Parameters

1.

City Calt Number: Input number from Appendix A of F-CHART's user's manual for city
nearest solar site.

Volume of Pebble Bed Storage: Input value based on 0.75 ft*ft? of gross ccllector area.

Building UA: Input estimated UA calculated from data in Checklist 2-2.

Fuel: Input integer corresponding to applicable fuel for main heating load (input does not
affect thermal performance).

Efficiency of Fuel Usage: Input default value (does not affect thermal performance).

Comestic Hot Water: Input integer 1 (yes) if water heating is included. Input integer 2 (no) if
water heating is not included.

Daily Hot Water Usage: Input daily hot water use from Section 2.2.3. (This lcad has to be
converted to an average gal/day usage rate.)

Water Set Temp: Input hot water heater temperature indicated cn Checklist 2-5; otherwise,
input 130°F.

Environment Temperature: Input expected mechanical room air temperature. If not known,
input default value.

DHW Storage Tark Size: Input volume of “praheat tank”, as shown in Figurs 4.1 of the
User's Manual, if known for combined hot water and space heating system. If tank size
unknown, use default value.
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11. UA of Aux Storage Tank: Input UA for the “water heater,” as shown in Figure 4.1 of the
User's Manual. (If ltem 7 is calculated from fuel usage data gnd includes the heat loss from
the auxiliary tank, this parameter should be set as smail as possible.)

12. Duct Losses: Input integer 2 (no).

13. Inlet Duct UA: No input.

14, Qutlet Duct UA: No input.

15. Percent Duct Leak Rate: No input.

16. Leak Loc: No input.

2B.5.2 Performance/Cost Verification input for Pebble Bed Storage System

F-CHART should be rerun (repeat paragraph 2B.5.1) using actual design information and replacing defauit
—=- - values where appropriate.

——  _— — _——  —  ——————  ————— e ————
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APPENDIX 2C

CONSTRUCTION COST ESTIMATION METHOD

2C.1 Data Source

The Solar in Federal Buildings Program (SFBP) is a legislated program funded by the DOE and designed to
stimulate the growth and improve the efficiency of the solar industry by constructing commercially applicable
solar energy systems on federal agencies’ buildings. Thirteen of these solar energy systems, operating
successfully and considered to be typical applications of solar energy for service hot water heating (SHW),
industrial process heat {IPH), or space heating or space cooling (SH, SC}, were selected for intensive per-
formance monitoring and detailed cost analysis.

The cost analysis did not use actual costs. To remove any effect of government sponsorship, the analysis
used national average labor and materials costs from R. S. Means Company publications to estimate the cost
of building each of the 13 solar energy systems for a commercial customer. Other sources of construction

~ cost data available {c the A/E may be used at A/E's discretion.

2C.2 Data Reduction

The result of the cost analysis was a series of linear equations relating cost to collector area,* one evaluation
for each of the following categories:

. Coliectors and thermal storage tanks

. Mechanical material that included supports for panel arrays, pipe supports, piping,
pumps, vaives, heat exchangers, and miscellanecus construction materials

. MECTIARICAT idDOr rigeded {0 ifisiail aind d3s6mbic e aboVE Malsiial anc conduct the

acceptance test of the compleied solar energy system

° Crane and operator needed to put the solar collecters and tanks in place, where
applicable
. Electrical material that inciuded the instrumentation and controls needed to operate

the solar energy system
~*  Electrical labor needed to install the above electrical materiai.
For the collector/tank category, separate equations for flat plate and evacuated collectors are given. For the
other categories, separate equations are given for SHW, SH, and IPH applications. These equations yield a
“National Average Bare Cost” in 1985 U.S. dollars that must be adjusted to the site and the year of the
proposed construction, and increased by overhead, taxes, etc. These equations are:
1. Collectors + Thermal Storage Tanks(F,,)
a. Flat plate:
Bare cost = $21,308 + [$9.13/ft2 x collector area ({i?)]

Limita: 1,000 #2< area < 23,000 #2

*Convert square meters to square feet to use these equations (1 m? = 10.76 ft?).
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b. Evacuated tubes:
Bare cost = $15,777 + [$22.72/t2 x collector area (ft2)]
Limits: 5,000 ft2 < area < 12,000 ft2

2. Mechanical Material(M,,)

a. Service hot water (SHW):
Bare cost = $5,337 + [$7.05/ft2 x collector area (ft2)]
Limits: 1,000 ft? < area < 5,000 ft2

b. Space Heating:
Bare cost = $22,588 + [$12.95/t2 x collector area (ft?)]

o ~ Limits: 1,000 ft? < area < 12,000 ft2
c. industrial Process Heating:

Bare cost = $-9,670 + [$13.43/ x collector area (ft?)]
Limits: 11,000 ft2 < area < 23,000 {t?

Electrical Material(E,,)

Service hot water (SHW):
Bare cost = $2,432 + [$0.13/ft? x collector area (ft2)]
Limits: 1,000 ft? < area < 5,000 ft?

Space Heating:
Bare cost = $1,119 + [$0.99/ft? x collector area (ft?)]
Limits: 1,000 ft2< area < 11,000 ft?

Industrial Process Heating:
Bare cost = $6,328 + [$0.01/ft2 x collector area (ftz)]

a.

5.

a.
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Mechanical Labor(M,)

Service hot water (SHW):
Bare cost = $18,662 + [$2.93/ft2 x collector area (ft?)]
Limits: 1,000 ft2 < area < 5,000 ft2

Space Heating:
Bare cost = $51,551 + [$6.13/ft2 x collector area (ft?)]
Limits: 1,000 ft < area < 12,000 ft?

Industrial Process Heating:
Bare cost = $30,493 + [$8.11/ft2 x collector area (ft?)]
Limits: 11,000 ft2 < area < 23,000 ft2

Electrical Labor(E,)

Service hot water (SHW):
Bare cost = $1,550 + [$0.03/ft2 x collector area (ft?)]
Limits: 1,000 it? < area < 5,000 ft2

Space Heating:
Bare cost = $640 + [$0.26/ft2 x collector area (ft?)]
Limits: 1,000 ft2 < area < 11,000 ft2

%

Limits: 11,000 ft2 < area < 23,000 ft2 e
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c. Industrial Process Heating (flat plate):
Bare cost = $3,108 +[$0.01/ft? x collector area (ft?)]
Limits: 10,000 ft2 < area < 23,000 ft?
6. Other (crane + operator){T,}
a. Flat plate + associated thermal storage tank
Bare cost = $743 + [$0.02/ft2 x collector area (ft?)]
Limits: 1,000 ft2 < area < 23,000 ft?
b. Evacuated tubes + associated thermal storage tank
Bare cost = $652 + [$0.08/ft? x collector area (ft2)]
Limits: 5,000 ft2 < area < 12,000 ft?
2C.3 Cost Estimating Procedure
2C.3.1 Bare Cost

The following general equation is used to determine the “Bare Cost” for any site location, solar energy system

- application, type of colfector, and coliector area:

Bare Cost = BC = F,, + C,,,,(M,)) + C,(E,)) + C,; (M) + C(E)) + C,(T,)

where Fu = Fixed material cost of collectors and thermal storage tanks
My = “National average” mechanical material cost
E, = “National average” electrical material cost
M, = “National average” mechanical labor cost
E = “National average” electrical labor cost
Tu = “National average” other mechanical cost (used for

crane + operator)
These costs are caicuiated from the equations in iie previous paragrapii (2.0.2) fof ine 58
energy system application, collector type, and collector area of the proposed project in 1985
US dollars and must be adjusted to the year of proposed construction.

~LY
{1

-l
v ouvic

Cum City cost index for mechanical material
T City cost index for electrical material
Ch = City cost index for mechanical labor

B = City cost index for electrical labor
Cw = City cost index for othier mechanical

~ These indexes are obtained from R. S. Means Company publications for the construction year of the
proposed project.

2C.3.2 Specific Cost Factors
The following general equation is used to determine the subtotal cost for the speéiﬁc site:

Subtotal cost = A = BC + S(F,, + M,, + E,) + P(M, + E)

where S = Sales tax, as applicable
P = Total personnel taxes =W + SS + U
w = Worker's compensation
SS = Social Security tax
U Unemployment tax

e ——————e——]
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2C.3.3 Miscellaneous Costs

Miscellaneous costs =M =C + O + P + BP + LI

Recommen F r
where A = Subtotal cost, from
paragraph 2D.3.2
Cc = Contingency fee - - 0.05A
0] = Overhead 0.10(A+C)
P = Profit 010(A+C+0Q)
BP = Bonds and permits 001(A+C+0+P
LI = Liability insurance 001 (A+C+0+P+BP)

e ——— NoOt@:~These recommended cost faciors for contingency fee, overhead, profit, bonds and permits, and liability
insurance are from the cost analysis. They are believed te be reascnable and are used here as examples.
These percentages can be changed if they are determined to be out of ling with the site location and the
general bidding competition.

2C.3.4 Total Cost
Total cost = A + M, ( = 1.3A if recommended cost factors are used)
2C.4 Example

The following is the only required data needed to estimate the cost of a iarge active solar energy system
using the method described above:

. Site location
. Solar energy system application: SHW/SH/APH

0 Typé coiiector:” Tlat piate or evacuated ) ) 7
. Total collector area, ft2 (m?).

This information will be used in the above equations to obtain the bare cost, subtotal cost, miscellaneous
costs, and the total cost of a service water solar energy system at Berkeley, California, using flat piate collec-
tors with a total area of 4,000 2 (372 m3).

From R. S. Means Company

BC = Bare Cost - publication

Fu = $57,800 from Equation 1a

My = $33,500 from Equation 2a Ciw = 1.004

Ey = $3,000 from Equation 3a Cow = 1.094
M__ = $30,000 from Equation 4a C,. = 1.584

E, = $1,400 from Equation 5a C, = 1.459

Ty = $800 from Equation 6a Cw = 1.301

BC = 57,800 + 1.004(33,500) + 1.094(3000) + 1.584(30,0C0) +
1.455(1,400) + 1.301(800) = $145,319

A = Subtotal Cost = BC + S(F, + M, + E,) + P(M, + E))

—_— e
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0.065 from R. S. Means Company publication
W+ S8S + U =0.1202 + 0.0705 + 0.01 = 0.2007

T wn
nu

A = 145,316 + 0.065(57,800 + 33,500 + 3,000) +
0.2007(30,000 + 1,400) = 157,700

Total cost = 1.3A = 1.3(157,700) = $205,000

General Comments

. The City Cost Indexes and other cost data used in this example
are for June 1985. Cost data for the year for which the estimate is to be made can be
cbtained from R. 8. Means Company publications, or other sources of construction data that
are available to the AVE.

. Use of the cost equations for each category is limited to the range
of collector areas given with each equation. These limits may be expanded if additional hard
cost data are available.

. Bare cost estimates for a combined SH and SHW system can be

assumed to be only the cost of the gpace heating svstem because the additional cest for the
SHW is insignificant.
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APPENDIX 2D

SAMPLE

SOLAR ENERGY SYSTEM
DESIGN DESCRIPTION FORMAT

s —
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SAMPLE

SOLAR ENERGY SYSTEM
DESIGN DESCRIPTION FORMAT

(Sheet 1 of 5)

I Buliding Déscription'(Reference attachments 1 through 7)

Building cwner/user

Address

Actual building location

Local government jurisdiction

Building status: Existing New or to be built
To be remodeled To be converted

Building A/E name/address

Nearest applicable National Weather Service station

Building construction type -

Building size: ft¥floor (m%floor)

No.offloors =

Type of roof: Flat Other

_ Building usage

Peopie occupancy: Current Normal Maximum

Cccupancy hours to
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SAMPLE
SOLAR ENERGY SYSTEM
DESIGN DESCRIPTION FORMAT
(Sheet 2 of 5)
Days of occupancy: Weekdays only ____ 7 day/week
Other (describe)

Estimated annual hot water load: -Btu x 108 (MJ)

Hot water heating fuel: Gas Qil Electricity ____Other

Estimated annual space heating load: Btu x 10 (MJ)

Normal heating season: to
Space heating type: ___ warm air ____ Local warm air
Baseboard radiant ____ Other
Space heating sanrce: Furnace _ Hot water heater
' Steam boiler ____ Other
i Space heating fuel: Gas ____ Qil____ Electricity ____ Other

Energy conservation measures to be implemented (describe):

R —

g:‘ Lo L L
1 EREA A ST R G R

Electrical power available: Volt Phase

RS & < F L % .

Electrical power margin available: kva

RO RO 54T BEN
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SAMPLE

SOLAR ENERGY SYSTEM
DESIGN DESCRIPTION FORMAT

(Sheet 3 of 5)

N ——-—-Golar System Descrintion (Refersnce Attachments 2 through 12)
A Solar application ] (HW SH, SH/HW)
B. Solartype ________(drainback, antifreeze, recircuiation)
C. Collector Subsystem

Type ______ _ (flat plate, evacuated tube)

Approximate size ____in.(mm)x_____in. (mm)
Collector loop fluid _______ (water, antifreeze, air)
No.glazing__ (1,2

Absorber coating_______ (selective, paint}

Minimuim ASHRAE test infercept _—
Minimum ASHRAE test negative slope

Incident angle modifiers (for evacuated collectors)

Total gross collector area ft2 (m?)

Collector loop flow rate gpm (L/s)
Collector slope ____° above horizontal
Collector crientation (east or west cf scuth)
Collector mounting ________ (roof, ground, wail}

D. Storage Subsystem

Storage media (water, rock, other)

Total sterage volume fBergal (mPorl)

AN e ey £
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SAMPLE

SOLAR ENERGY SYSTEM
DESIGN DESCRIPTION FORMAT

(Sheet 4 of 5)
D. Storage Subsystem (continued)
Storage tank pressurized?
Heat exchanger (if used) location (external, internal)
Storage iodp'fklow rate gﬁphﬁ' or cim (L/s)

Heat exchanger effectiveness

E. Solar/Main Heating Interface
Makeup water temperature _______ °F (°C)
Return water temperature (HW) ______ °F (°C)
Return water temperature (SH) ______ °F (°C)
Return air temperature (SH) °F (°C)
il Program Description
Design/construction cost limit: $
Design completion (from authorization); days
Construction completion (after contract): days
Desngnrewew requily'ked:’ None __ Conceptual
Preliminary Final
! Design review by: Owner_____Independent _____ Associaie
Designer liaison during construction bid and place: Yes No
i Designer liaiscn during construction: Yes No
';  If yes, scope:
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SAMPLE

SOLAR ENERGY SYSTEM
DESIGN DESCRIPTION FORMAT

(Sheert 5 of 5) -
Iv. Attachments

1. Checklist 2-1, Page 2-11 — Solar Energy System Goals

2. Checklist 2-2, Page 2-12 — Building Information

3. Checklist 2-3, Page 2-16 — Site and Environmental Considerations

4, Checklist 2-4, Page 2-18 — Energy Conservation Measures

5. Checklist 2-5, Page 2-22 — Service Hot Water Data

6. Checklist 2-6, Page 2-25 — Space Heating Load Requirements

7. Checklist 2-7, Page 2-27 — Construction Cost Estimate Summary

8. Worksheet 2-1, Page 2-28 — Estimated Service Hot WaterLoad Calculation——— -
from Water Use Data

9. Worksheet 2-2, Page 2- 28 — Estimated Load Calculation from Fuel Consumption Data
for Service Hot Water or Space Heating (if applicable)

10. Optimum example simulation program run

1. Results of economic evaluation

12. Sketches — Roof plan/elevation, ground mount pian, and

mechanical room plarn/elevation

JJ
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