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Goal:

Purpose

SECTLON 1

Solar System Dasign

Design on absorption air conditioning system for a tropical
climate residence

To use the known techrology of absorption air conditioning
utilizing flat plate collectors for space cooling in a

tropical climate, 1In effect, yea: round cooling is required.

Activities of System Nesign

1.

Determine Industry's progress to date.

Fvaluate known and constructed systems.

Fvaluate and choose types of buiding materials from those
available in Third World cenntries. (Example, brick,
concrete block, wood, insulation, double glazed windows,

etc.)

Design the buildings to minimize cooling losses.

Building design should allow for use of natural air flow
when practical,
Preliminary equipment selection for absorption air

conditioning system.

Complete preliminary drawings of buildings.

Estimate con:tructed cost of systen.

Perform economic analysis to determine practicality of actual
construction.
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When the notion of examining an absorption air conditioning system
utilizing flat plate solar collectors was first considered, ve analyzed
using a system comaercially available in the United States. This being the
case, the only choice was the Lithium Bromide System,

With further anslysis into the operation, we came to the couclusion
that a totally solar dependent system would not fu.ction effectively in
humid tropical climates such as in the Dominican Republic and the Republic

of Panama.
Assumptions
Design Conditions:
Outside temperature: 90°F
Inside temperature: 750F

Average Relative humidity: 787

Reasons for not selecting Lithium Bromide System

1. Difficult to achieve acceptable cooling effect if water heated
from solar collectors is below 190°F.

2, The lithium bromide/water absorptive cooling system is typically
de-rated when used in conjunction with solar panels. To 1illus~-
trate this point, the Florida Solar Fnergy Center system has a
de-rated 25 ton lithium bromide/water system using evacuated tube
solar collectors. The system actually produces at peak capacity
17 tons of air conditioning,

3. Without a sophisticated sensor device system the Li Br/HZO
system is subject to "freezing" up and plugging circulation lines

with crystallized Ii Br. The remady is to thaw the liue.
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The Li Br/ty0 Fluid circulates at prassures less than 1 psia.

Higher pressure systewms are usunlly easior to maintain and

The atmospharic conditions in the hnmid tropies usually have the
solar intensity characteristic of a large asount of diffused ra-
diation and a lesser quantity of direect radiation. Therefors,

under these conditions, in genzvral the most sensible application

e

s using flat plate collectors to collect the diffused radiation.
Concentrating collectors are ruled out because they require direct
radiation tn function. The use of concentrating collectors would
not supply a constant dependable source of energy since under
clouded conditions you collect little or no ecnoergy.

To achieve sufficiently high temperatures from a solar collecting
system, a fairly costly setup is necessary. As an exanple, the

Li Br/H90 absorption system funded by DOE at the Florida Solar
Energy Center at Cape Canaveral built in 1989 cost approximately
$250,000.00. Tt produces 17 tons of air conditioning. Few
individual home owners could afford a similar system. An cxcap=
tion to this case would be the DOE demonstration at Dr. John
Yellott's residence in FPhoenix, Arizona. The Li Br/H, system

was completed in March 1980 at a cost of $32,000, of which $12,000
was the declared cost of the Japanese Yazaki cauipment, $15,000
the installation cost and $5,000) for instrumentation, ‘The system
produces three tons of air conditioning. Flat plate collectors
are utilized to supply the necessary hot water. This systen
appareantly functions well in the low humidity of less than 107

and bereath the cloudless skies of Arizona. Unfortunately, these

climatic conditions do not exist iu the humid tropics.


http:250,000.00
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Conclusion:

Through the examination of the Lithium Bromide/water system, it was
decided that a wmore appropriate system would be the ammonia/water system.
This system has baen in use for many years using a compressor or
conventional gencrator as the heat source instead of coaergy from the sun,
Although, presently there is no commercially produced three ton air
conditionin  system available, following are the reasons why we decided to

use this system,

FPeasons for Using the Ammonia/Water Systems:

1. The system will function at optimun design conditions with hot
water at 1409F. This is quite casy to achicve with even a well
designed home-made pancl.

2. There is no chance of problems with crystallization as is true of
the T.i Br/Hy0 systen.

3. Awmonia 1s relatively easy to obltain in any country.
Yy A y y

Drawbacks of the Ammonia/Water Svatem:

1. Presently there is no commarcially available ammonia/water system for
solar applications.
2. Ammonia requires the respect that any volatile gas demands, However,

freon is more dangerous to work with than ammonia.



SECTION TI

Design Aspects considered for the Active and Passively Cooled lesidence
: WL SR I S L LR PR AR LV E A rassively Looled Residence

Fach home builder has to evaluate nuacrous conditions acceptable or
not acceptable to the occupants of the honme.

a. VWhich areas in the home must have a conditioned atmosphere.

b. What effcct will the present or future utility rates have on
the homeowner.

c¢. VWhat building practices snould be used to reosult in good insuia—
tive qualitics of the home.

d. What is the home builder's budget.

e. To what degroe can passive aiv conditioning be used

f. Do any government supported incentives exist to make construc—
tion of the system more attractive than a conventional type.

The Selected Design

Total Arca of Residence 144 m
Area Cooled 1007 Passive 45 m”
Area Cooled 1007 Active 75 m2
Hybrid Arca (Active/Passive) 24 m2

2

Number of Collectors (4 x 8') 144 m



Area Descriptions:

Passive Area - Kitchen

- Maid's guarter's

-  TLaundry/Service arca

Active Area - Bedraoms

-  Family Room

Hybrid Arca -  Living Room

~  Dining Room

Principles designed into Active Areca:

4,

The exterior walls for the actively cooled areas are insulated
with earth

The roof is well insulated and also are insulated suspendad
ceiling panal is used.

Windows are kept at a nminimm size and well blended to reduce
heat transfer,

In the ecvent the active system malfunctions, the windows can be
utilized to create a cross ventilation,

The active arcas should be constructed to prevent air leakage to

the extent practical.
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SECTION TILI

CONSTRUCTION MATRRIALS:

Roof: Asbestos -

Roof Insulation:

Tusulated Suspended Ceiling:

Gypsum board ceiling:

Walls:

Tloor:

Windows:

Additional Adir Circulation:

Cement Panels will be used

to cover the entire roof.

2" roof insulation will be used throughout the house.,

Suspended Ceiling with 1" insulation will be
used in the actively cooled area and partially

in the hybrid area.

Cypsum boeavrd will be used as ceiling

throughout the passively cooled area.

The wall will be 8" x 16" x 8" concrete

blocks with carth berm backfill and water-

proof scaler on the exterior bedroom walls.

The floor will be typical concrete slab construc-
floor tile.

tion with terrazo

Windows will be single glazed in the active

and hybrid arcas. The passive arca will use
jalousic-type windows.
Overhead fans could be installed in the pas:ive

arca to iucrease air movement.



SECTION 1V

LOAD CALCULATTONS

Walls

TOTAL ARFA: 89.55 m2

AREA COVERED BY BARTH: 53.75 m2

ARFA SUBJECTED TO UEAT:

89.55 - 53.75 = 35.80 m2 = 385.4 ft2
MATERTAL: CONCRETE BLOCK WALL 8"
U: 0.274 (ASHRAE 1977)
DETD:  11.3 DETD = Design Equivalent Temperature Difference
T : 90°F
o

Tin: 75°F

AVERAGE RELATTVF HUMTDITY:  78%
HEAT LOAD: U.A. DETD
0.274%385.4%11.3

1193.3 BrU/h

ROOFING ABOVE ATR CONDITIONED AREA

2

AREA: 99 m2 = 1065.24 [t

#0697 OF Till ABOVE AREA WILT BE COVERFD BY SOLAR COLLECTORS

#317 WILL BE INSULATED WITH FIBERGLASS

(8)
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a) H ! - COLLECTORS
YTy rerersl - ASBESTOS-CEMENT
B t——— - FIBERGLASS INSUTATION
ng = 3,2/inch.
Re o S VR V — M
1 1
N ng R1c
h (c+r)l h (c+r)4
RT = 1/2 4+ 3.2 -+ 0.2 + 1/4 = 4.15
= = ’)
Ua l/RT Ua 0.24

WE NEED TO OBTAIN A LOWER U, SO OUR SYSTEM WON'T DEAL WITH A BIG hEAT

TRANSFYR VALVE.

WITH 2 INCHES OF FIBERGLASS:

R 1/2 + 6.4 + 0.2 + 1/4 = 7.35

n

!
1

0.136 DETH = 34

[
il

LOAD: 0.69 x 10065.24 x 0.24 x 34 -+
0.31 x 1065.24 x 0.136 = 34

= 7524.7 BTU/h

3. LOAD THROUGH THE FLOOR = O
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FENES TRATLON

AREA OFF WINDOWS = 49.5 m2 = 532.6 ft2

LOAD = AREA x GLASS FAGTOR
(ASHRAE 1977 P. 25.41)
GLASS = RECULAR STNGLE GLASS

GLASS FACTOR AT To (9OOF) = 24 BTU/hr ft2

LOAD = 532.6 x 24 = 12,783 BrU/hr.

INFILTRATTON

1:1 }’.'I'U/ft2 OF GROSS EXPOSED WALL ARFA AT To (9OOF)

LOAD: 1.1 x 1193.3 = 1313 BTU/hr

OCCUPANCY
25 ST f < ars r.
225 }lU/hr/},erson x 2 lcrson/Br. X 3 DBr

L0AD = 1350 BTU/y

APPLICANCES

LOAD = 1200 BTU/
e He
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TOTAL SENSLBLE HEAT 1.0AD

1193.3 + 7524.7 + 12783 -+ 1313 -+ 1350 + 1200

S.H.L.. = 25364 BTU/
hr

LATENT HEAT T.OAD : 307 OF THE SENSIBLE

L.H.L. = 7609.2 BTy/
hr
TOTAT, LOAD: (LATVENT + SEMNSIBLE)
32,973.2 }TU/hr
TOTAT, LOAD PER DAY: ASSUMING THAT THE SYSTEM WILL BE OPERATED 10 HOURS

PER DAY.

LOAD/DAY :  32973.2 x 10 = 329,732 BIU/| .

COLLECTOR ouTrUT = 1000 BIU/ftz DAY .

o JEA . 2
COLLECTOR AREA: 3_9,732/1000

:329.7 ftz
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SECTION V

ABSORPTION AIR CONDITIONING SYSTEM
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NH3/Hp0
2
‘ VALVE \ "~ CONDENSER
\
80°
L ABSORBER
! v 1
i =
¢ A7 HIGH PRESSURE
,//////(// CENERATOR
40°F ~—— e
g C 14O
p; 140 SOLAR
80%F | —r
(B COLLECTORS
5

T = Temperature, OF

P = Pressure, PSIG

>
[}

=
=
it

=
!

Flow Rate

= enthalphy; BTU/1b

= Concentration, in terms of NH3
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T P h 3 TON
°F ~ PSIG 1p. Unit
. TIME BTU/1b.
Design Criteria
i 140 140 1 1 677 73.3
D 80 140 1 1 133 73.3
™
B 40 60 Z 01 1 132 73.31
23} jan]
. =4 =
A 40 60 gll 1 623 73.3(
(=
jen}
5 &0 60 60 6.76 -4 495.51 M
6 80 60 60 6.76 -3.7 495.51
7 140 140 53 5.76 52 422.21







(15)

4-34 TeiEdMAL P N
EAMAL PAOPEATIES OF GUASIANTES
ATEES OF SUAGTANCES AND TH-RMODYM AT

B d Iy

Table 23, Proparti
* PO PO e e oY a ¢ I ¢ % atur .
a2tz o Saiurald Amraonia—{ Cantinusd)

Frey- C
BT, . l . . ]:Hir',v‘,_','
poin, | e R S —
t » L ‘\’upt” . [
I N ! ky iaation, | vapos,
et St P A 27 »
0 3n. 42 0.02%19 . ' [ T T T e i
-4 N3 9116 1 425 . R SR
2 31.9) | 0.0241% PR 2.9 1 89 (AR IR Ny .
AR ISRt At h B B SO S A B PRTER A B et
A I I IR I b S i R 2| L
35,71 [N RPN YRAY 51,6 { 5';‘..,.7 : 2;;2 8:“: b2y I.}’,l:,
10 I DR ’ | . RIERE IR RIS
12 20,31 ] 0.02451 (,",‘}; } ?Z‘ voesid e Loz i e .
14 20008 foess e 55.0 1 5105 0 65 |0 T 1. 357
1 AR A B SIS LA B Al A IS I
16 4015 | v.ories A AT B VLTS B B AT 015 L7310 13051
A bt €25 o sinT | 6.2 PO IR B
] ) . .
20 45.21 | o.62475 1 500 I - S A L
22 53,35 | 0.0:47) 5671 | 6."2 i 3.1 €17.S {0 sy
24 Sise L ol0vss L sans ! 6.5 1 534 | 6153 | 0.0 e
25 Sh.o0 |00zt 5,207 ] Go-1 4 3By ers 0.1 V0
28 5728 | olorias b oslem ;;-2 Posssan | oeniy a1iry | 1120
_ Wn L 7s  Ssad 4 61a9 | 01605 | 1120
kb] 57.71% 0.0230) 4.3,‘)1 5.7 l . S 11297
32 e loovis !t aari 11 Sit.E {6205 L0568 | 1117
34 6351 | ooty 445! E,'° R A N Y OR 037
36 67.6% | 0.02521 42l ,' 531.4 €255 [ 01450 ;'m';
33 7o, 4 0.02527 | 823, 5307 £22.0 0.1737 : N
o 4125 EVE COS0.9 |61 e
49 73.32 1 6.6*333 3,670 | £ i, ST 00
2 A S T A B L R I S IECH A IR B
X ::’ NS I T PR B €215 1 0193 1005 I'i"ls?
A £2.5 | 0.m0s ey S BEREE ¢ 0.197 0 s
43 8562 | © “,,:_IL 3 ‘:‘.{ RN 331.9 o ()’;):t 05312352
. RSN 3.403 65.7 527.1 [N (|'2-:2 R B 21
5 ) ‘ L2052 G2 | 12435
g7 | 062363 32081 w2 .
52 92,65 | 0.02371 3000 1012 5;?-2 o.ties | ovia | yo2ens
S| oea eonng s R ERT P ol2iy | 1oanz | 1200
$9.91 1 0.023% O B S 523.7 ; S I
o ISR Iy ol B S A IR G202 10007 | 1283
the 2.851 165.9 520.0 0' b 1.0t21 1.2357
60 167.6 0.02%7 1 2.7t I _ L2270 1.0 | 1,235
6: |16 foomwar! 2t 1.2y 314.1 0.2522 | 095
64 15.7 0.02011 2has s 516.2 o s o 212 | 1.2
e | oe oyt ZAo BT S RN IR IREEASE
€3 124.3 0.0262% ;1{ , 115.0 512.4 0'7,’.’ 0.9325 | 1.2231
L0202 2,15 1133 $10.5 0.)711‘ 6.9750 [ 1.22008
7 124.6 0.07532 1t L2000 1009076 | 1,279
\ 02032 Y olsas .
7f ij_.i 0,120,392 2235 |7|) . :. 3 [ €19.1 0.9337 | 0.0 | 1,214
;'é 155.1 000045 2 161 i l:':ul 534.6 €204 0.7>79 | 6.9331 l-;l-,v)
143.0 0.0%33 Sl e 547 62,8 ¥ o 2219
L0200 0 7 8 ; G.7522
7 | 170 | onzia § S LA S B IR INK S B
a0l 07 | sz | eoe |02 ] 000314 | 1 o
:.) 153.0 002008 1935 - . h L9301, 202)
) ; s 32, 433 .
AR PN B S IR IO e AN B A BE A R R
163.7 0.02034 LCEd b 134 5.7 €31.0 | 0.2791{ 0.5:7 1
g [ 3.2 0.0nAl] LEM N AT G ] 0.2 RN A
83 174.5 000677 2, B9 432,86 3.5 (208000 4 11935
02697 1.716 1e1.2 ¥ . - 0.23575 1 0.902 -
N 0 i 41 .6 B 2 B boisdd
| €21.6 | 0,217 | 6.8v5n
99 o 62ur e ' I .2 LB 1875
94 oty b 1! :?F'? A3 ] e 1.2
94 P ST R S D s boesr2 lovun o
5 oo ! . P20 4R ] 6325 0.3
93 ~ ! 1.319 137.5 . 4311 y : i 0.
st g5 dsrg |4 €326 1 0.37.3 ] 6.
' i PR l 4.).0 6309 0.3125 | o
}g" 0.02717 | LAN 1552 4 47 )
H A S T O I A R Ll S
”'_’ 0.02749 L27 i 1670 | 4-{" 633.4 | 0.320 1 0.
% 0.02:03 | 1a2st yra ‘7‘;"; 633.7 | 03372 0
1 . - R PN .
6 0.0235 | 1637 1 1300 | el are [ et
_ IR - 0 {0.3576 | 0.



(16)

1. To Calculate the P at 7132 140 PSIGC

. . 0.,
Using Refrigerant Pressure Gage vs. Temperature, F chart

(Mark's Mechanical Fng. Handbook (9-6; Figure 1 ). Knowing the
pressurc at 1 and 2 must be equivalent or the vapu:- and condensate
will not flow we can deduce the pressure at 2 is the same as the
pressurc at 1. TIn addition, the pressure at 2 is controlled by the

temperature of the condenscr. Yor 80°F the pressure at 2 is 140 PSICG.

2. Calculate the p at 3; 4; 5 60 PSIG

Using the same chart as in ], we can calculate the pressure
at 3 and 4. Thesce pressures will be equivalent. We know that after
passing through the expansion valve the temperature drops and the
pressure also deercases. Using 40°F from the Refrigerant Pressure
Gage vs. Temperature Chart we find P3 = 60 PSIG; P4 = 60 PSIC.
The same holds true for the PS . P5 = 60 IS1C.

3. Detcermine T at 6. The 'l‘6 = 'l‘5 since a pump is the only element

between 5 and 6. The heat is negligible for this calculation.

4. The pressure 6 and 7 are the same as L and 2. 1, 2, 6, 7 re-
present the high pressure side of t « system. While 3,4,5 represent

the low pressure side.
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5. Calculating the Concentrations for the System.

- e . 0,
Since NI, has a boiling point nuch lower than water at 140 F

3

in the geunerator, the HH3 will boil off. Tn effeect, 1, 2, 3, 4

will be pure NH3, We can also deduce that in the absorber we will
have a strong solution of NH3 and in the generator since the NH3

is being boiled off, a wealk solution of NH3 will e=ist.

6. Concentrations.
The formula to determine a concentration of each substance of

a compound is X = Nug

7. Calculate the Concentration of NH3

Use the Enthalphy vs. Liquid Phase Concentration of NH3

(Mark's Handbook )

140%; p. = 140 TSIC

It

J : ’ e
for hH3 at point 7 for 11

X, = .53

8. Calculate the Concentration of NH3 in the absorber

Use the same chart as in 7.

T = 80°F P, = 60 PSICG
5 5
X5 = .6 the X at 6 is the same as X5
X, = .6
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9. To have simple algebraic equations to use, we can reduce the
bl

unknowns by assuming we will calculate the no. of lbs. of NH. in

3
terms of 1 1b. of H,0.

2
Absorber
X, = X, = .6 forl#HO
6 6 ’ 2
X = NH
3 .6 = NH
1 4+ H.0 . AN | SO
NH 4 ty NHL, + 1"
6 NI, + .6 = NH
NH , =___l6 1.5#
’ =
Total Solution 5 6 = l# + 3 ].5# = 2.5#
Generator
Xy = .03 = N L53 = N,
\J o . - ———— e e
Nilg 4 1,00 NH, + 1
3
5 NHy + .53 = NH
NH, = .53 #
3 %] 1.13
. . . ft #
Total SoluLLon7 = 1# + 1.13" = 2,13

10. To deterwine the amount of solution that is circulating;
subtract the quantity of solution for the generator from the
quantity of solution for the absorber.

t
2.5# - 2.13" = .37#



#
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1L. To deliver 1 NH, the required circulation is:

3

: Total Solutionb .
.37 e >
Solution of Absorbers

!
Solution 5, 6 = 6.76ﬂ
1 2 .
—— = Total Snlutlon7
.37 e

Solution7 = 5.76#

12. h = ecuthalphy

1 = Solutiuns

49 25 E

= Solution

PSS S 7

Y

Use chart from Mark's Handbook; 19 - 12; Figure 14

]

h for Py = 140 PSIC T, = 140°F

h1 = 677 BTU/1lb.

This dis Iin the liquid phase of ammonia

h2 = h3
Use Chart in Mark's Handbook
T = 80°F

This is in the saturated liquid state

434,

because the volume does not change from 2 to-3.

Figure 33 for

h2 = h3 = 132 BTU/1b.

g, is determinced by the satursted vapor temperatuve of

ammonia. T, = 40°F h, = 623
4 4

From Mark's Haudbook

BTU/1Yb.

4-34; Tigure 33



h

h

13.

i

s determined from the liquid phase of ammon

Use chart from Mark's Handbook; 19 - 12;

h5 = ~4 BTU/1D.
= hg + Xé (Pg - Pg) = -4 0.02—(144) (1
J 778
= Volume at point 5

= Conversion factor

determined from Mark's landbook;

19 - 12; Figure 14

52 BTU/1b.

Calculate Q values for 1 NHj circulating
Condenser
PE, + KE, + Up + Py V) 4 ,Q, = PE, + KE, +
PE, + KE, + U, + D) V, + Q, = PE, + K, 4
Ul = hl
Up = by
1% = n, - hy = 137 = 677 = =545 BTU/hv
Evaporator
3% = h, - hy = 623 - 132 = 491 BTU/hr.

ia

Figure 14

40-60) = -3.7 BTU/1b.

+ W

u, + 1, V

#NII3

#NH3

(20)



We know 1 ton of Air Conditioning =_144 BTU =x ZOQQﬁ
1 1b. 1 ton
24 Hours
1 Ton A.C. = 12000 BTU/hr.
However, we have determined from our building design that three

tons of Air Conditioninyg is necessarv:
3 Tons AC X 12000 BTU/hr. = 36000 BTU
Ton AC hr.
The flow for 3 tons needed is:
WB = 36000 BTU
hr. 4
=733 NHB/hr.
491 BTU/1b NH3
For 3 Ton system
The 1bs. of NH, in 1, 2, 3, 4 are 73.3# NHB/hr.
for 5 and 6
I ]
733" ) = 733" (6.76) = 495, s
S # #
.3 ; = . . = ! .
for 7 73 (w7) 73.3° (5.76) 122 .21
14. To determine COP for system
COP = Coefficient of Performance
Ve h6 + 6Q7,] = vy hJ + oW, h7
6.76 (-3.7) + Q. 1 (677) + 5.76 (52)
67,1

Q. = 67/ + 299.52 + 25.10

67,1

1001.53 BTU

(3)

(21)



(22)

COP = Refrigerant Effect
N = 491 BTU/hr.
I{
Heat 1nput to Generator -49
1001.53 BTU/hr.
For 3 Ton System
Generator
697,17 = 1001.53 BTU x 73.3 NH, = 73,412.15 Bro/hr,
hr.

15. To calculate tvollector Area
Collector Area = Q generator x hours working per day

Average BTU/ft2 day collectable

Assume the average collectable BTU/ft2 day= 1000 BTU/fL2 day
Assume pancls to be used will be standard 4' x 8 panels,
Single glazed, commercially produced panel. Assume average cost

per pancl with mounting hardware would cost $340/32SF.
Assume system will work 10 hours per day.
Collector Arca = 73412.15 BTU/hr. x 10 hours/day

- - — 734.12 SF

1000 m‘u/rt2 day

Number of 4' x 8' Tanecls = 734,12 SF

32 S¥/Panel

= 22.9 23 Panels


http:73412.15

SECTION TV

ECONOMIC ANALYSIS

The Present Worth and the Annual Cost Methods were used to analyze the

feasibility of the system.

1. Present Worth Moathod:

Under the present worth method the investment is valued at 10%,
escalation assumed to be 8% per year, and the systems to have a life
of 20 years. The total present worth of the solar system is $25,018
while the conventional system is valued at $25,235. It is evident
with a 20-year life and the assumed first costs they are nearly

equivalent,

2. Annual Cost Method:

The assumptions for calculating the annual cost differ from those
used with the present worth method since the team was not in total
apreemant as to the cost of money and the useful life of the system.
The assumad rate of interest is 12% and the life of the project is 15
years. The cost of electricity was varied from $0.11/kwh to $0.27/kwh.

The point of break even is approximately $0.26/kwh.

(23)



COST OF AMMONIA/MATER ABSORPTTON AR CONDUTIONING SYSTEM.

- 23 SOLAR COLLECTORS THC. MOUNTING HARDWARE @ $340.00 Each $ 7,820

~ COST OF AMMONIA/WATER ABSORPTTION SYSTEM FOR MATERIALS AND ASSEMBLY

(NO SHIPPING CHARGES TNCT,. NO SYSTuM DESIGN FEES INCL.) . ovees $1.0,180

TOTAL CAPITAL COST ..vvvnen $18,000
YEARLY MATNTENANCE
17 CAVITAL COST $ 180.

OPERATTONAT, COST BASED ON AN ASSUMED ELECTRICAL LOAD OF .745 kwh

ELECTRICAL LOAD/YEAR =

.745 KWL x 10 HOURS/ ,
DAY X .8 x 365 DA\S/YEAR -

by A= ’
2,175 KW/ p oo




COST OF CONVENTIONAL SYSTEM: AIR COOLED.

3 TON ARKLA ACD - 36 -

ATR COOTLED

PACKAGE: CHILLER + FAN COTI, $ 3,
- DUCTS. 150 ft @ $1.50/ft $
- ESTIMATED TABOR COST $ 2,
~ CONTINGENCIES 107 $
TOTAL CAPITAL COST $ 6,

YEARLY MATINTENANCE

2% CAPITAL COST )
OPERATIONAL COST BASED ON AN ASSUMED ELECTRLCAL LOAD OF 3 KW

ELECTRICAL LOAI)/YEAR

]

4N [N
3KWH % 10 nours/Day x .8 x 365 DAYS/ ...

8,760 KWH/yp o

966

225,

000.

619.

810.

136.
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PRESENT WORTH METHOD

- Assume Rate of Interest = 107 Escailation = 8%

SOLAR CONVENT ONAL
(%) (%)

Total First
Cost Pregsent Worth 18,000 6,810
Life = 20 Years
Annual Operating
and Maintenance Costs 419 l,idO
Present Worth 7,018 18,425
of Annual 0 & M
Preseut Worth 25,018 25,235
P.W. Factor = a (an - 1) .

T - where a = [1 + escalation rate]

a-1

1 + interest rate

n = Project Life

]

(1.08 ) ( .98220 - 1)
1.10

P.W. Factor _.982 (.693 - 1)

.982 - 1

.982 -1

.982 ( -.307) 16.75

- .018

1
]

P.W. Factor

P.W. = P.W. Factor (Annual Operating and Maintenance Costs)

P.W. - 16.75 (419) = 7018.25 = §7,018


http:701.8.25

P.W.

CONVENTIONAL SYSTEM

P.W. Factor (Annual O & M Costs)

16 .75 (1100) - $18,425

(27)
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ANNUAL COST METIOD

ase 1:

Assumptions:

Electric Rate = $0.11/kwh
Rate of Intevrest = 12%

Life of Project = 15 years

Solar
Capital Cost = §18,000
Annual Maintenance = $180

(17 Capital Cost)

Annual Operating = 2175 kwh/year x$0.11/kwh = $239

Convaentional = Air Cooled

Capital Cost = §6,810
Annual Maintenance = $136

(2% Capital Cost)

Annual Operating = 8760 kwh/year x $0.11/ Kol = $964
Comparison
1. Solar

|1}

a. Capital Recovery = A= P (A/P, 127, 15)

18000 x 0.147

$2646
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Comparison (Continued)

l. Solar

b. Operation = §239

¢. Maintenance= §180

Total Annual Cost = $3065

2. Conventional

1t

a. Capital Recovery = A = P (A/P, 127, 15)

I

6810 = 0.147

= $1001
b. Operation = § 964
c. Maintenance = 3§ 136
TOTAL ANNUAL COST = $2,101

CASE 2:
Assumptions:
Ceneral

Electric Rate = $0.15/kwh

Rate of Interest = 12%
Life of Projcct = 15 vears
Solar

Annual Operating = 2175 kwh/yr X $0.l)/kwh= $326

Conventional

) ine == = 4
Annual Operating = 8760 kwh/yr x $0.15/kwll $§1314



Comparison

1. Solar

i

a. Capital Recovery = A

b. Operation

[

c. Maintenance

TOTAL ANNUAL COST =

2. Conventional

a. Capital Recovery = A = P (A/P,

= 6810 x 0.147

b. Operation

c. Maintenance
TOTAL ANNUAL COST

CASE 3:

Assumptions:
General
Electric Rate = $ 0.25/kwh
Rate of Interest = 127

Life of Project = 15 years

Solax

Annual Operating = 2175 kwh/year x $0.25/kwh

Conventional

P (A/p,

127, 15)

18000 x 0.147 = $2,6406

$ 326

$ 180

$3,152

12% , 15)

It

1

1

Anmnal Operating = 8760 kwh/year x $0.25/

$1001

$1314

$ 136

§2451

1

i}

kwh

$544

$2190

(30)
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Comparison

1. Solar

a. Capital Recovery = A =P (A/P, 12% ,15)

=18000 x 0.147 = $2646

b. Opcration =§544
c. Maintenance =$180
TOTAL ANNUAL COST =$3370

2. Conventional

[

a. Capital Recovery = A = P (A/P, 127 ,15)

6810 x 0.147 = $1001

1t

b. Operation = §2190
c. Maintenance = § 136
CASE 4:
Assumptions:
Ceneral
Electric Rate = $0.27/kwh
Rate of Interest = 12%
Life of Projcct = 15 ycars
Solar
Annual Operating = 2175 kwh/yr x $0.27/kwh = $587
Convention:]
Aunual Operating = 8760 kwh/yr x $0.27/kwh = $2365



Compariuon
1. Solar

a. Capital Recovery

b. Operation

C. Maintenance

TOTAL ANNUAL cosT

2. Conventional

a. Capital Recovery

b.  Operating

c. Maiutenance

TOTAL ANNUAL COST

i

-3
i}

(32)

P(A/P, 12%, 15)

18,000 x 0.147 = $2646

A =P (A/pP, 12, 15)

=6810 x 0.147 = $1001

=$2365

=$ 136

=$3502

SUMMARY CHART

COST OF ELECTRICTTY $ /kwh

0.11 0.15 0.25 0.27
TOTAL CONVENTTONAL 2101 2451 3327 3502
ANNUAL e B
COST ($) SOLAR 3065 3152 3370 3413
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SECTTON VII

.

Considering the analysis in general terms a number of ecvents need
to occur befove the Ammonia/Water absorptive system will be more atrractive

than the present conventional air cooled systems available.

1. The price of commercial solar panels needs to drop.

2. The cost of electricity must exceed 11 cents per kwh.

3. Mass production of the ammonia/water system must approach the
preseat cost of the air - cooled conventional system.

4., If a goverament considers general acceptance important, the

capital costs should be subsidized.



PRESENT WOICTH HETHOD

Assume Rate of Intevest = 107 FEscalation = 8%

SOLAR CONVENTIONAL
($) ()
Total Tirst
Cost Present Worth 18,000 6,810
Life = 20 Years
Annual Operating
and Maintonance Costs 419 1,100
Present Worth 7,018 18,425
of Annual O & M
Present Worth 25,018 25,235
P.W. Factor = a (an - 1)
T ” S where a = [1 + escalation rate]
a ~ ]

1 + interest rate

n = Project Life

. 20

tH

P.W. Factor

1.10 982 - 1

i
O
jos]

D

~

!
(0%}
o

~J
~

i
=
(o))
~1
S ]

P.W. Factor

- .018

P.W. = P.W. Factor (Annual Operating and Maintenance Costs)

P.W. - 16.75 (419) == 7018.25 = $7,018



