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I. Purpose and Source of Funds

The purpose of this revised proposal is to describe the requirements
to upgrade the Air Conditioning System in the New Wing of the Bio-medical
building, Center for Energy and Environment Research (C.E.E.R.), Rio
Piedras, Puerto Rico; to define the facilities in engineering terms and
% establish a reasonable budget cost estimate and time schedule, ahd to re-

commend an appropriate method of accompl ishment.

Three main items will be addressed with this proposal:

1. Provide a reliable air conditioning system that will
meet the needs of the laboratory and office building.

2. Use the thermal waste heat availqble from a 50,000 ft?
Solar Photovoltaic Concentrator Arfay to be iﬁstalled
at the C.E.E.R. under a nation wide Program sponsored
by the U. S. Department of Energy. |

3. Upgrade the building envelope and building ventilation
and air handling systems to be in accordance with the
present energy conservation regulations now being im-
plemented in Puerto Rico.

As a final result of this proposal a dramatic reduction in operating
cost for the air conditioning system in the New Wing of the C.E.E.R. will be
obtained.

a We propose that the design and construction for this work will be
charged to General Plant Project FY-1978 under Sub-program 39-RT.

II. Justification of Basic Needs

A. .C.E.E.R. New Wing present air conditioning system.

The air conditioning installation in the new wing of the Center for

Energy and Environment Research (C.E.E.R.) was originally designed in 1968.
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Although .m;me .ene_rgy conservation features were included in the original
design, application of more advanced know=how, and new teclmology can reduce the
energy consumption in the building significantly.

The building houses basically laboratory facilities and office areas.

The actual components of the building envelope are:

Windows:
Solar bronze glass (22 percgnt of wall area).
Walls:
a) Combination of insulated glass with concrete
block back wall.
b) Concrete with cement plaster.
" 'Roof Area:
Concrete with 2" rigid insulat:ion_.

The main component of the actual air conditioning load is the fresh air
load. In accordance with the original drawings, 20,600 CFM of outside air is
supplied to the building as ventilation. This constitutes 65 permt of the
total air circulation. | .

The peak design load was 200 TR and 50 percent of this load was out-
side air load. ,

A terminal reheat with hot water was included in the original design
to maintain room conditions.

The existing air conditioning system consists of two chiller units,

each having two 60-ton reciprocating compressors and two condenser fan units

with a total installed capacity of 240 TR. The chiller provides chilled water

to the air handling units and circulating system which comprise the remainder
of the air conditioning system.
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B. Existing system operation

The fresh air intake to the main air handling unit was blocked
in order to reduce the outside air load. Actual building internﬂ uﬁnditions,
due to this action, are unpleaaaht, because the necessary fresh air for the
laboratory hoods enters the building across windows, open doors," Vc'racks and
return duct openings as infiltration with a resul ting high hmid:.ty room con-
dition. The terminal reheat system is out of service eompleii:e‘ly;‘. The central
chilled water plant is always partially or totally oui: of aerviiée. '].'he four |
existing compressors are Horth:.ngmn Model EVCG—SZ and are of poor deslgn.
They have had a history of unreliability since first :.nstalled, being sub;ect
to multiple, internal breakdowns causing complete destructmn of the:.r in-
terior mechanism. This has resulted in partial or complete loss of chillad
water for tﬁe sjstein. for periods of three m four months whilel_ parts were
procured and repairs made. -I |

The maintenance history of this plant shows that on an avqrage two
compressors have been down continuously, awa:'.ting spare parts and repair over
the past five years. Major plant-breakdowns occurred in 1972 and in 1976
when all compressors were down for a period of four months éach due to compre-
sor failure. At that time it was necessary to augment the system with window-
type air conditioners in laboratories where tenﬂeramre—hl:hidity sensitive 7
equipment was being used. - |

The compressors have required the constant service of amn air oon-
ditioning mechanic and the expenditure of large sums of money for maintenance

and replacement parts to keep the system operational over the past six yeai:a.

.Haintenance problems have been compounded by the fact that the compressors

are no longer manufactured, making sparc parts difficult to find.

|

.3.



The following is a breakdown of expenditures made by the C.E.E.R.

from operating funds to keep the chiller unit operational:

Fiscal Year Materials & Supplies Air Cond. Tech. Salary
1972 $ 2,833 $ 9,100 |
1973 8,628 9,100
1974 3,022 9,100
1975 9,933 9,100
1976 5,952 | 9,100
1977 | : 9,232 4,500

Total $ 39,600 $ 50,000
 Grand Total $89,600

The annual cost of maintenance of this unit has taken such a large
portion of the maintenance budget for the Bio-Medical building fhat it has
been necessary to cut back on essential maintenance of the physical plant in
order to have sufficient funds to keep the chiller unit operational. It is
not considered economical or feasible to keep expending large amounts of
money to repair a chiller system which is of inherently poor design and in-
capable of reliable operation.’ |

The real loss is to the laboratory and treatment areas for the
Nuclear Medicine Programs which require a continuous and reliable source of

air conditioning in order to promote scientific research and patient comfort.

C. Electric energy consumption of the existing central chilled
water plant.
An estimate of more than 40,000 KW H per month is actually used to

operate just the central chilled water plant in the New Wing of the C.E.E.R.

This electric energy with a total cost of more than $2,800.00 per month is
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used to operate a non-reliable system with the result of an uncomfortable en-

vironmental condition inside the building,

III. General Description of the Proposed Revision

A. Building upgrade for enerqgy conservation.

In order to reduce the air conditioning load the following

eénergy conservation measures seem to be imperative and are strongly recom-
mended :
1) Provide all glass areas with Schochtint
solar control film to minimize radiation load.
2) Provide inside venetian blinds fof all winﬁows.
3) Provide additional insulation at roof level wigh
a three inch fiberglass matt above the hung '
ceiling at second floor.
4) Reduce the ventilation to the building. This
can be accomplished by several ways as follbwa:
4.1) Rebalance all supply and exhaust systems
to the laboratory hoods  to reduce the
total air each system exhaust:to the ex-
teri&r.
4.2) Reducing the ventilation air to other areas
to the minimum recommended per the ASHRAE
90-75 and 62-73 standards. |
4.3) Provide an automatic control of the fresh
air intake with static pressure sensors.
5) Make a total air rebalance and upgrading of the

air side and controls.
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6) Make a psychrometric study and provide controls
as necessary in order to eliminate the reheat and

maintain room conditions.

Items No. 1 and No. 2 above are already completed under an in-
house conservation Program. : | |

Additional engineering is necessary té define the work of up;‘
grading the building and the air conditioning system to provide a reductlon

to the refrigeration load.

B. Cooling load estimates for the "New Wing"

Using as a base the original.set of cons£ructio£-drawings and
congsidering the energy conservation features outlined in Section III, cboling
load calculations for each month were performed. Ioad profilas were also
prqpared The maximum hourly locad was 113 TR at 4:00 p.g.'for the average
day in August. These calculations were prepared using the Automatic ﬁrocedures
for Engineering'Consultants, Inc. (APEC) program Hcc—iII. Attachment #1 and
Attachment #2 include the computer print-out and the cooling load profiles;
respectively. As indicated in the load profile chart for September'1978 ‘a

total of 917 TR x H/day are required to maintain building comfort conditions.

The working day was considered from 8 :00 a.m. to 5:00 pP.m.

If we agsume 250 working days per year and estimate'the refri—-

‘geration work for the average day by the Septemher data (i.e. 971 TR x H/dlY)

the total yearly refrigeration work will be 197,750 TR x H/year or 697 941 KWH



C- "Concentrating ‘Photovoltaic for ‘the ‘Tropics and its
zelation to the proposed revision '

This project consists of a Solar Photovoltaic Concentrator Application for the Commonwealth
of Puerto Rico. The application is unique in several aspects. First, it represents a total energy
system designed to provide the electrical, cooling and thermal energy requirements of the
Center for Energy and Environment Research (CEER) and hot water requirements of the
adjacent Oncologica! and University Children’s Hospitals, all located in the Medical Complex
in San Juan. Second, the application will serve as a demonstration to Caribbean and Latin
American Nations that solar energy in general and photovoltaics specifically can help them
meet their energy needs while affording simultaneous relief from economic stress due to rising
energy costs. : : ,

The proiect team consists of the Energy Office of the Commonwealth of Puerto Rico,
Center for Energy and Environment Research of the University of Puerto Rico, TEAM, inc.
BHMG/Engineers, the AAI Corporation and Soiarex Corporation.

The proposed system consists of a 20/1 concentrating first stage and a compound parabolic
second stage with a concentration of about 2/1 to-give an overall concentration ratio of 40/1.
Sofarex cells designed to operate with an efficiency of 10.9%at 100°C and 40 suns are to be
incorporated into the second $tage with a water cooling loop. The first stage utilizes flat
segmented second surface glass mirrors in horizontal single axis east-west tracking mode. The
expected overal! arrzy efficiency will be in the range 7.2-7.6%. The array hes been sized at

about 34,000 square feet of collectors to produce about 150 kW, and about 1200 kWg, in
form of hot water at 190°F. : - '

The total electric peak power demand of CEER i§ about 425 KW,. The major part of the ‘
load is the airconditioning {~85%). The electric and thermal energy generated by the photo-

120 ton absorption chitiers respectively to meet the sirconditioning demand of the CEER and
to supply the hospitals with 110°F hot water.

.The photovoitain array will be interfaced in parallel with the utility (PRWRA) power grid
through a line-commutated inverter to supply electrical powser when there is not enough solar

cal system where the utility grid replaces the storage,

This project in its first phase is one of the six projects of the concentrating typs funded
by DOE under the “Photovoltaics Technology Development and Applications Program.” The
overall objective of this program is “to bring the photovoltaic energy systemns to the point where
they are able to supply a significant portion of the nations snergy requiremants thus to reduce
Systems costs while at the same time resolving the tachnical, environmental and social issues
involved in fostering widespread adoption of photovoltaic, power systems.



D. Conceptual design schematic

In the solar collector piping diagram (Attachment #3) all

elements indicated by single lines are parts of the photovoltaic project.

Thege are:

" PHVA

SCs

SCR

ACFC

SH

Photovolt#ic collector array

Hot water storage tank

Solar collector water recirculation
pump

Solar collector supply lines

Solar collector return lines

Air cooled fiuid cooiér

Steam heating coil

—Surge tank and hot water services to hospitals.

All slements indicated by double lines in fhé same'diagram as well

as all elements included in the chilled water and condensing water piping dia-

gram (Attachment #4) are parts of this revision. These are:

ACH-1
ACH-2
p2-1"
p2-2.
HWS

2 HWR
| CT
P3-1

P3~2

_ Absorption chiller #1

Absorption chiller #2

Hot water supply pump

Hot water supply pump

Hot water supply lines
Hot water return lineg
Cooling téwer -
Condensing water pump
Condensing water pump

Chilled water supply lines



CHR - Chilled water return lines
©C8 = Condensing water supply lines
CR - Condensing water return lines

ACRCH - Air cooled reciprocating chiller

To provide a reliable system two (2) backup units are included

as follows:

1. A steam heating coil (SH) will be included as part of the
photovoltaic project inside the hot water storage tank  (HWTr) to provide hot
water services to the hospitals in case of any failure in the solar array
hot water system. This steam heating coil will also provide théibhckQup for
the absorxption air conditioning system when necessary.

2. One single air cooled reciprocating chiller (ACRCﬁ)‘will'Be
included as part of this project to provide the back-up based on electric |
energy in case of a failure in any of the absorption chillers or in’ the steam

supply to the area, '

E. Alternativeé in case the Phctovoltaic'broject‘is-not funded

In the case CEER does not receive the funding for the solar pro-
ject the absorption chiller wili be operated via a direct connection to the
steam lines of the Medical Centér. The existing ateam distribution lines of
the Central Steam Plant provide a simple connection port close to the location
of the proposed absorption chillers. 1In this case a small modification of
the generator will be nhecessary to operate the absorption chillers with steam.
The use of abgorption chillers energized by a steam supply from a . large central
steam plant is standard in the mainland U. 's. A. The existing central steam
Plant at the Puerto Rico Medical Center is one of the largeat in the Carib- .‘

bean and hag Plenty excess capacity available,

9.



The absorption chillers capacity will go up to 148 TR each when operated
by direct steam. With this alternative une single absorption chiller will
be able to handle the air conditioning load of the New Wing and the second
unit will be ready for back-up purposes. In addition, the reciprocating
chiller (ACRCH) will provide a second back-up in case of a failure in the
steam supply to the area.

Based on the actual cost Medical Center chargegICEER for the steaﬁ.
the use of electrical cooling systems is in general more cost egféctive |
than using steam systems. However, for large uses of steam a new contract
can be negotiated with the Medical Center to obtain a lower cost for ﬁhe

steam purchased.

F. System main components and their location

The main components of the photov&ltaic project and of this project
are shown in the plan of Attachment #5. The absorption chillers (ACH-1 and
ACH~2), the hot water supply pumps {P2~1 and P2-2), all the controlg for the
chilled water system and the condensing‘water system will be located inside
the existing mashine shop building in an area to be Prepared for this purpose.
The cooling tower (CT), the condensing water pumps (P3-1 and P3;é), and the

air cooled reciprocating chilleér will be located inside the existing chiller

area.

G. Thermal Energy available from the Photovoltaic array to

operate the absorption‘ch;llers.
1. Peak Hour Considerations:
As indicated in the Energy Flow diagram of_AttAchment
#6, the thermal power available from the collecto: array at the peak average
hour is 1021 wa (3.47 x 106 BTU/H). If the proposed solar cooling system

is utilized, 594 XW of this thermal power can be used to operate the absorption

-10.
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chillers. With the use of this thermal power 126.8 Tons of refrigeration
output can be obtained from an absorption chiller with a C.0.P. of 0.70.
This is 112% of the Peak hourly air conditioning load indicated in Section
III-8 (113 T.R.).
2. Daily and Yearly Average Censidefations:

Considering an average total direct rediation of 1300
BTU/sq. ft. per day, and a collector area of 3179.8 m< operatiﬁg at 44% ef-
ficiency the available thermal energy per day is

:TD = 5754 KW.H/day

During the weekdays the hot water demand for the Onco-

logic and Pedriatric Hospitals can be estimated as

o = 2324 XW.H/day
Thus the available thermal energy to operate the absorp-
tion chillers during a weekday isg

TAD.=TTD-THDA

Tap

3430 Kw.H/day

For an estimated 250 working days per year the total available thermal energy
to operate the air cond;tloning of the New Wing is-
?ﬂ!l = 837,500 KW.H per yeaF'

Additional energy will be available from the<hot water
storage tank (20,000 gallons) on monday mornings. During the weekend the
photovoltaic array will operate without the thermal load of the solar cooling
system and will maintain an average tank temperature close to 190°F. Thus a

minimm cf B3 KW.H will be available per weekend. For the 52 weekends of the

year the energy available from the storage tank will be:



TAYZ = 33,124 vu g

And the total for the year

Tay = Thyy + Tav2

?KY = 890,624 xw per year

In Section I17-B the total energy necessary for a Year of refrigera-
tion in the New Wing wag computed to be 697941 xXw H/year. fThe Thermal Energy
hecessary for an absorption chilier System to provide this refrigeration can
be estimated to be 897,000 KW.H/year. Thus the thermal waste eénergy from the
pPhotovoltaic array should provide 99% of the necessary refrigeration in ac-

cordance with above figures, However, some reduction in the solar contriby-

for electrical fires. 1In addition, therc are " telephones available in the ad-

Jacent officeg for calling the Fire Department, if needed,

.12,
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Personnel injuries will be controlled by providing safety shields
and guards around moving parts of the equipment. Personnel will be thoroughly
ingtructed in the operation of the equipment, safety procedures and first aid.

The potential pollutants in this area would consist of liquid lithium
bromide solution used as the absorbent in the absorption chiller unit and oil
and grease uged to service the pump and motors.,

The lithium bromide is a non-toxic salt at standard atmospheric proa-
sure and temperature. The refrigerant in the absorption cycle ia distilled
water., The charging of this system with lithium bromide would be done by
trained personnel using Proper equipment Should an inadvertent spill happen,
it will be quickly dispersed with a wash-down with soap and water and die-
posed of through the floor drain to the sewage system.

The proposed air cooled reciprocating chiller is a factory charged
unit, and no freon leakage is expected from this one.

Oils and grease are kept in approved metal containere nnd stored in
2 metal locker when not being used. oi] spills will be cleaned with degreaser
and washed down the floor drain with soap and water.

The proposed absorption chiller operation will reduce substantially
the electric enerqy coneumptio; of the system by the use. of a non-polluting
energy, i.e. solar energy. The overall effect on the environment of the

island of Puerto Rico will be a reduction in pollution..

V. Consideration Given to the Use of Existing Faoilities

The existing chiller units will be eliminated The reet of the exisg-.
ting air conditioning installation will be maintained in eervice with small

modifications to upgrade the operation.



VI. Proposed gggiggent gspecifications

ACH-1, ACH-2 ABSORPTION CHILLER

4) Nominal capacity: 148 Tr

B) Actual capacity for

C) Generator:

Pasges: 2

low temperature application: 63.4 TR

Flow: 320 GpM

Inlet Temperature: 120°p

Cutlet Temperature: 182.5°r

D) Condensing water:

Flow: 353 GPM

Inlet Temperature: 85°F

Outlet Temperature: 95°p

E) Chilled Water:

Flow: 160 GPM

Inlet Temperature:‘55°F

Outlet Temperature: 45°F

F) . Power Input: (4.2 kw)

Trane model ABSC-01E or similar

CT COOLING TOWER

A)
outside temperature.

B} Power input 7-1/2 HP (6.6 kw)

Capacity to cool 353 GPM of water from 95°F to 85°F at 80°F wat bulb

Baltimore Air Coil (BAC) CFT 2413 or similay

ATURCE  AIR COOLED RECIPROCATING CHILLEH

A) Capacity 69.9 TR with 90°F ente

chilled water temperature.

ring air at condenser and 45°F 1eavi391L

T g o v —— -



B) Total power input 83.1 KW.

C} Trane CG AA 7506 E or similar.

VII. Preliminary Cost Estimate

Project C.E.E.R. New Wing Air Conditioning Upgrading

I- Mcechanical Equipment

1 Absorption chillers

2 Air cooled chiller

3 Cooling Tower

4 Hot water supply powers

4 Condensing water supply
pumps

Mechanical Equipment Total

€ea.

€a.

ea.

ea.

ea.

2

1

38,000.-
21,000.-
9,000.-

1’500--

2,000.-

76,000.00
21,000.00
9,000.00

3,000.00

- :4,000.00

$ 113,000.00

II- Mechanical-Electrical Contract
No. Degcription Unit Quantity Unit Total
Price

1 Equipment installa- . :

tion Ls 1 5,000.00 5,000.00
2 5" chilled water

lines with 1" methane

insulation i 200 25,00 ~ 5,000.00
3 5" Condensing water ;

lines F 200 19.00 3,800.00
4 8" Condensing water ‘

lines LF 100 30.00 3,000.00
5 4" Hot water lines

with 2" methane

insulation LF 120 20.00 2,400.00
6 Connections to exis-

ting chilled water

lines

1,000.00



II- Mechanical-Electrical Contract

Description Unit Quantity Unit Total
Price

Cooling tower and
C.W, pumps connec- '
tion ' LS 1,000.00

Abgorption chillers
and hot water pumps
connections Ls 2,000.00

Upgrade existing
air conditioning
installation LS i : 10,000.00

Modifications in
shop Building LS oo 2 5,000.00

Insulation addition
to roof lewvel. 3" .
Fiber glass SF 10,000 1.00 10,000.00

Safety switch and

power electrical

conn. for absorption ‘

units EA 2 500.00 10,000.00

Safety switch and

power electrical conn.

for reciprocating :

chiller EA 1 $1,000.00 $ 1,000.00

Combination magnetic

starters and powér

electrical conn. for o :

hot water pumps " EA 2 700.00 1,400.00

Combination mag-

netic starters and

power electrical

conn. for cooling

tower and cond. )
water pumps EA 3 1,000.00 3,000.00

Air handling unit
and duct work up- )
grading LS 1 5,000.00
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Description

II- Mechanical<Electrical ‘Contract
_—M—

Unit ‘Quantity Unit
" Price

17.

17

18

19

20

Hot water and
chilled water

system upgrading

Systemg balance |
and test

Alr conditioning
system control

upgrading
Control chilled

water plant con--

trols

s 1

Subtotal R B I I R

30% Overhead, Profit

and Taxes --.----.--‘l.t‘-....c.-l.n..I.-l.ll-~

Total M R R A R R L N N I N N R R

5,000.00
4,000.00

8,000.00

2,000.00

§ 78,600.00

~ 23,500.00

$102,180.00
T T B N



.18,

SUMMARY OF PRELIMINARY 'COST 'ESTIMATE

No. Description Unit Quantity Umit Total
Price .
1 Mechanical Equipment ‘ ' $ 113,000.00
II Mechanical Electrical :
Contract ~ 102,180.00

Sub‘total l..II.l-.‘..-....'l.-ll.....'.4.0....'...........' $ 215'1%-%

III 10% Contingencies on : )
: Mechanical Equipment S : : ©-11,300.00
v 20% Contingencies on
: Mechanical Electrical - - 1
Contract ' _ o ~20,436.00

Sl.'lb-total c--.ooo-.-..oo-o.ool...cl..--'-"040‘.‘--!‘.;-'-.;;--...- $ 246'916-00

v Engineering and Project
management at 12% of o
items #1 & #2 _ _ 25,814.00

Total ...l.l..?.l.....--.l.-‘.l.t.l..‘...l...."...ll-'.-.l.l $272'730000

VIII. Comparative Economic'hnalzsis between the Previous Proposal of April, 1977
and the Present Proposal. ' , .

This economic analyéis is included in order to underline the cost effect-
iveness of the present revisgeg Proposal.

The initial investment for this project is higher than thé estimated in-
vestment for the previous Proposal. However, "Uniform Annual Cost" is subgtantially

lower due to the use of the waste thermal energy from the photovoltaic array.
Basic Data for the Preliminary Proposal of'April 1977 (Alternative A)

- New oilecooled centrifugal chiller (270 TR) with steam terminal’

reheat
- Estimated design and inspection cost: $ 17,629.00
+ Estimated project cost (investmeht):. ' o . _1§4,b00,00

« Escalation two years at 5% per year: : o : - '16,450.00



Basic

Upgrading of air distribution system, reheat
system and controls:

Estimated Steam Cost., 526,000 1b/year at
$17/1000 1b:

Estimated yearly refrigeration:

Estimated electric energy to operate
the air cooled centrifugal chiller
to provide this refrigeration set
1.3 XW per TR:

Estimated first year cost at
$.07 per Xw H:

Estimated first year cost for
maintenance, spare parts, etc.:

Calculated uniform annual cost

without terminal value over 20 years
life time. For more detail see computer
print out "Alternative A" :

$ 12,500.00

3,682.00

3.5 x 105 TR.H

4.55 x 105 xwH
$  31,850.00
$  4,000.00

$ 140,292.40

E e

Data for the Revised Proposal, Pbbruary’1§79 (Alternative B)

Solar energized absorption chillers each
148 TR

Estimated design and project
management cost:

Estimated project cost (investment):

Upgrading of dir distribution system
and controls:

Estimated steam cost, 263,000 lb/year
at $7/1000 1b: |

Eatimated electrical energy to operate

the absorption chillers auxiliary equip- -
ment and the air cooled refrigeration
chiller to provide 15% of the cooled:
Estimated first year cost at $.07 per Kw.H:

Estimated first year cost for maintenance,
spare parts, ete.:

Calculated Uniform annual -cost without

" terminal value over 20 years life time

For more detail see computer print ‘out
for "Alternative B": . .

$ 25,814.00

§ 246,916.00

$ 1,841.00

1.06 x -10° KwH

$  7,420.00

$  4,000.00

$ 63,488.61.

- ST K



Computations on both alternatives (A and B) show clearly the sig- -

nificant economical advantage of the solar cooling. The unifors annual cost
difference is about $76,804. Over a life time of twenty years without the

terminal value the relative savings will be $1,536.080 in 1978 dollars.

In terms of relative pay back® the solar system will pay back in

less than 3 years.

o .
We define relative pay back as follows:

The time durmg which the summation of the difference in recurring costs .

equals the difference in non-recurr:.ng cost of the first year. .

.20,
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IX. -Design and consltruction schedule

The U. S. DOE will announce the winners of the Second Phase of
‘the Concentrating Photovoltaic Projects around tho first of May, 1979. It
J.a imperative for the C.E.E. R. to receive the final decision by the Oak
Ridge Operations offices on the revision at 1east one month prior to that
date, i.e. by April L, 1979.
The proposod doaign and construction schedule for the uprating
of the New Wing air conditioning systen follows.
April 2 - April 16 = Choose an Engineering/Architect firm to
| " perform the design and project management.
April 16 - April 23 = - ‘Conplete final equipment selection. Re-
quest equipment quotations.
April‘23 - - "April 30 - Select eqoipment supplier and prepare
purchooe orders.
April 16 - . May 7 s Prepare final constrqction drawings and

prepare bidding documents.

May 7 - May .28 - Contractor bidding time and contract award
May 28 - August 6 - 'Construction time

August 6 e August 20 - Receive chillc_rs and install

August 20 - scptembar 3 - System balance, test and acceptance. Ready

to interface with photovoltaic array.

X. Conclucio'nc
A. Reliability |
The proposed revisjon will provide o more reliable system than the
proposal of April 1977. The absorption refrigeration units have practically

no moving parts. _One small hermetic pump is the only moving part in these
o \ .



.24,

‘chillers. In contrast to that the proposal of April 1977 involves a large
centr:.t'ugal ch:.ller with a rotot-impeller assenbly moving at. 8000 RPM. .

The revi.nd propocal as detailed 1n section III-d win include
two d:.fferent back-up systens The proposal of April 1977 considered the
re-uge of the ex:.stmg rec:.procatmg units as back-up. According to the
| same proposal thig equipment is of poor design, and has ‘had a hiBtOI'Y of
unreh.ability since the tirst day it was msta].led. The compressors for these
units are no longer manufact_:.ured and to find parts is almost impossible..

B. Cost effectiveness

‘The comparative "Bconomic Analysis™ included in Section VIII
:.ndlcates that the new proposal is more cost effect.i.ve than the previous proposal.

C. Energy conservation

A dramatic reduction in electnc energy consumpt:.on of C.E.E.R.
will be ohtained with the rev:Lsed p:oposal.

D. Pollution aapects

The use of non-epolluting solar energy to oberate the system will
be a step towlards' i.nproving the overall environmental condition on the island
of Puerto Rico.

E.- stfem mh

Ilith t.he provis:lons ‘included in the proposal of Apr:ll, 1977 the
attenpt of upgrad:l.ng the C.E.E.R. New Wing air conditioning systeu would be ’
i.ncc-plete. An improvement of thc oxist:l.nq conditions inside the buildinq should -
E be a part of the ovorall effort. 'l‘his revised proposal 'in‘clu’do- .'I:he'iflprovo-
‘ment _of the conditions inside the building.

F. ._Ene Vsav s .
| Substantial energy savi.ngs will be obta:l.nod with the rcvised pro~-

posal. A yearly: tota:l. of 3.44 x 10° KW H of electrical enorgy can be savod



with the solar air conditioning.

G. Total savings over the 20 years life time

'rotal savings over the 20 years life time of the solar equip- -

- ment will exceed 1.5 Hillions in 1978 dollars.

.25,



ATTACHMENT #1

C.E.E.R. NEW WING BUILDING
HOURLY COOLING LOAD ESTIMATES



C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.
C.E.E.R.

C.E.E.R.

o g b iz

C.E.E.R. New Wing

Building Hourly Cooling Load Estimates

Summarz

~ NW-1 January

=~ NW-2 February
- NW-3 March

- NW~-4 April

~ NW-5 May

- NW-6 June

= NW-7 July

- Nw-8 Auguét

- NW-9 September
= NW-10 October
- NW-11 November
- NW-12 Decerniber

11
14
17
20
23
26
29
32
35
38
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ATTACHMENT #2

C.E.E.R. NEW WING
COOLING LOAD PROFILES




C.E.E.R. - New Wing

Cooling Load Profiles

Summary

Sheet
C.E.E.R. New Wing
Building hourly Cooling Load
Profile for January (1)
(Typical Day) 1l of 4
Same for May (5) ‘ 2 of 4
Same for September (9) 3 of 4

C.E.E.R. New Wing Year Cooling

Load Profile at 4:00 p.m. (hour 16) 4 of 4
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ATTACHMENT #3

SCHEMATIC OF THE SOLAR ARRAY
PIPING SYSTEM IN CONJUNCTION
WITH THE ABSORPTION CHILLERS
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ATTACHMENT #4

SCHEMATIC OF THE CHILLED WATER
AND CONDENSING WATER PIPING
SYSTEM
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ATTACHMENT #5

GENERAL PLAN
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ATTACHMENT #6

POWER FLOW DIAGRAM DURING
THE PEAK HOUR INSOLATION
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ATTACHMENT #7

GENERAL INFORMATION FOR
ECONOMIC ANALYSIS
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GENERAL INFORMATION FOR ECONOMIC ANALYSES

RECURRING COST

Expenses for electric energy, fuel (or steam
purchased from a central plant),material consumeg in
operation, maintenance services and other items incurred
in an annual basis.

DISCOUNT RATE-INTEREST RATE

That rate which is used to transform future
investment costs into a value of equivalent worth (see
"Present Value"). It enables one to compare investments
which have dissimilar cost streams.

DISCOUNTING

The discounted cost of an investment represeant
the return that would be earned if the money obtained
through taxation and spent by the Government were retained
by the private sector and allowed to earn a return on its
investment opportunities.

PRESENT VALUE

Each year's expected yearly cost multiplied by
its discount factor and then summed over all years of the
planning period.

DISCOUNT FACTOR-PRESENT VALUE FACTOR

Present value of one (1) dollar. Factors are
based on continuous compounding of interest at stated
effective rate Per annum, assuming uniform cash flow
throughout stated one (1) vYear periods. These factors
are equivalent to an arithmetic average of beginning and
end of the year compound amount factors found in standard
present value tables.
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GENERAL INFORMATION FOR ECONOMIC ANALYSIS (cont'd.)

TERMINAL VALUE

The expected value of assets at the end of their
economic life. .

v UNIFORM ANNUAL COST

The average cost per year for those years in

‘ which benefits accrue. It is obtained by dividing the
total present value cost by the sum of the present value
factors of the years in which benefits accrue.



