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INTRODUCTION

While the demand for air conditioning (AC) at Naval facilities has
stabilized , the cost of power has grown tremendously in recent years and
the availability of power plant fuel from the traditional domestic
sources has declined sharply . Therefore, alternatives to the high power
consuming AC systems are being sought. The alternative that this report
addresses is the use of sea or lake water as a cooling and dehumidifica-
tion medium at Naval facilities.

Objective

The objectives o the study reported herein were (1) to deter-
mine if sea or lake water AC is a technically and economically feasible
alternative to conventional AC at Naval facilities and (2) to deter-
mine at which Naval facilities, sea/lake water AC can be best
applied .

Scope

In this report , the feasibility of seawater cooling is assessed for
a trial Naval facility, the Fleet Combat Direction Systems Training Cen-
ter (FCDSTC) in San Diego, California. The results of a preliminary de-
sign of a seawater cooling system for the NSGA , in Winter Harbor , Maine,
are given. The Navywide applicability of seawater cooling is determined ,
and 25 potential Navy sites for this application are given with the eco-
nomic characteristics of each.

Background

The potential utility of cold sea or lake water as a medium for air
conditioning has been occasionally menticned in the literature of the
past 50 years; however, not until recently has serious attention been
paid to this old idea. Reference 1 concluded that seawater cooling* Is
technically feasible and can result in a 70% to 80% savings in the power
consumed for air conditioning in areas where there is a concentrated
demand like the rows of hotels in Miami Beach, Fla. or Honolulu,
Hawaii. This reference determined that water for cooling from natural
water bodies must be no warmer than 50°F (10°C).

*The use of the term “seawater (or lake water) cooling” here and else-
where In this report implies “seawater (or lake water) air conditioning”
because both cooling and dehumidification are included.

_________ 
- - -- -~~~~~ - - - -  - - - -.--

_ _ _ _ _ _
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The work of reference 1 was continued with a detailed stud y and
preliminary d—si gn of a Miami Beach seawater cooling system (Ref 2). It
was estimated that for this 20,000—ton seawater cooling system the total
cost would range from $20.4 to $23.4 million , and the offshore pipeline
length would be 22,000 feet.

This reference also assessed the use of naturall y cold freshwater
in the United States as an AC medium. The Great Lakes were considered
an excellent source of cold water for direct AC. In addition , other
large lakes in the northern two—thirds of the country and ground water
in the northern one—third were considered good sources, but rivers and
streams were considered essentially useless for direct AC because the
wa ter is no t cold enough.

The Civil Engineering Labora tory (CEL) cond ucted a stud y of seawa ter
cooling as an alternative to conventional AC for Naval facilities (Ref 3).
This study , part of which is included in this report , concl uded tha t the

— . . potential of seawater cooling for saving energy and money at Naval facil-
ities is great and warrants further attention, and tha t a good site for an
operational test of seawater cooling for Naval facilities would be the
Naval Security Group Activity (NSGA), Winter Harbor , Maine .

The Winter Harbor facility was the subject of a preliminary design
and analysis of a seawater cooling system conducted for CEL by Tracor
Marine (Ref 4). A summary of the results of this work is included in
this report.

A study, performed for GEL under a contract through the Northern
Division of the Naval Facilities Engineering Command , compared alterna-
tive modifications to the air conditioning system at NSGA , Winter Harbor ,
Maine (Ref 5). This study found that the 20—year life cycle cost of
energy for AC at the facility using the existing system is 50% greater
than that “f a seawater cooling system and that the 20—year total h f  e—
cycle cost of energy plus first cost of the existing system (replacement
cost) is 20% greater than that of a seawater cooling system. Further—
more, seawater cooling was found to be the most economical of the six
modifications that were considered , but none of these are economically
justified at this time. Conclusions of the report (Ref 5) are that (1)

• the seawater cooling system uses less energy than the existing system
with any of the other modifications and (2) seawater cooling could be
added to the existing system with no internal modifications to the exist-
ing system except the replacement of a 25—hp fan motor with one of 30 hp.

FEASIBILITY STUDY

A study was performed in FY76 to determine if seawater AC for Naval
facilities is feasible and whether a development program was warranted
(Ref 3). This study produced useful guidance in the early stages of 
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seawater cooling work at GEL using preliminary estimates of performance
and costs at a trial site.

Seawater Cooling

Air Conditioning Potential. The major question concerning a sea-
water cooling system is? How cold must the supply water be to meet the
AC requiremen ts? The answer to this question depends on the answers to
several other questions . Does the seawater directly cool the air or
does it cool an intermediate fluid? Is the seawater supposed to meet
the total la ten t hea t load , or will it be aided by a dehumidification
system? Finally, is the AC for comfort only, or is it required for
electronics such as in a computer facility ?

A design using seawater which directly cools the air can use warmer
seawater than a design requiring an intermediate fluid. A general rule-
of—thumb is that the temperature of the cooling fluid entering a heat
exchanger must be at least 50 to 10 F cooler than the temperature of the
air leaving it. Chilled water heat exchangers vary widely, however , and
designs using them are generally based on actual experimental data of
existing equipment. Another rule—of—thumb is that the temperature of
the grimary fluid entering a water—to—water heat exchanger should be 3
to 5 F cooler than the tempera ture of th e secondary fluid leaving the
exchanger.

A design required to meet the total heat load (latent and sensible)
of a building must use colder seawater than a design which meets only
the latent heat load . The latent heat load is tha t part of the heat load
responsible for condensing the moisture in the air. The other part of
the load — the sensible heat load — is the amoun t of heat which must be
removed from a ir to red uce its temperature. Thus, if the latent heat
load can be r educed by a deh umid i f i c a t i on  sys tem the seawa ter cooling
system can use warmer water.

The AC requirements for a computer facility are much more stringent
than the requirements for comfort according to ASHRAE (Ref 6); the more
stringent requirements are imposed by a computer facility because humidity
levels must be more strictly controlled to prevent computer papers and
cards from curling and sticking . This contrasts greatly with the wide
range of humidity level that is acceptable for comfort cooling .

Taking into account these factors and design alternatives , it appears
that to meet the sensible cooling requirements of0Reference 6 for comfortcooling, the seawater need only be cooler than 65 F. If latent heat must
also be removed , the water must be colder , ranging down to 50 F. To meet
the requirements of a computer facility that has a low latent heat0load
and requires very little ventilation , a seawater temperature of 45 to
50 F would be required unless auxiliary dehumidification were used.

3



Pump Work and Pipe Size. Other questions which must be answered to
evaluate this system are: What size p ipe should be used and how much
pump work will be required ? Here again , several al terna tives are avail-
able. The pump can be located at the pipe inlet , and its outlet , or
somewhere along the pi pe. To illustrate the relationship between pump
work and pipe size it was assumed that the pump is placed on shore at
the pipe outlet. Thus , to prevent cavitation in the pump , the suction
head must be limited to 30 feet of water. This criteria essentially
limits the flow rate by setting an upper limi t on the fr ict ion losses
that can be allowed. The diameter and length of the pipe can be related
given a flow rate and an allowable friction loss. Calculations were
performed to illustrate this point . In these calculations the load was
fixed at 100 tons refrigeration (TR), and the p ipe f r ic tion was allowed
to be no greater than 30 feet of water. This caused the pump work re-
quired to get the water to shore to vary as shown by the top fo ur curves
of Figure 1.

Another variable is the elevation above sea level of the facility
to be air conditioned . This elevation can be a very important consider-
ation if the facility is located very far above sea level as is evidenced
by the bo ttom four curves of Figure 1. These curves were calculated
assuming tha t the poin t of use of the seawater is 300 fee t above sea
level and that 80% of the pump work is recovered by a turbine on the
beach. This situation is equivalent to pumping the water up 60 feet
with no pump work recovery . Without the turbine energy recovery stage ,
a 300—foot altitude increase would provide a coefficient of performance
of about 12.

Selection of the Trial Site

Based on the installed AC and seawater temperatures of Naval facil-
ities in the continental United States , the Fleet Combat Direction Sys-
tems Training Center (FCDSTC), San Diego was selected for a trial analysis
of the technical and economic feasibil ity of seawa ter cool ing f or Naval
facilities. A seawater cooling system for this facility would include
many of the elements of a system of this type at any facility. In addi-
tion , FCDSTC is at a site where cold seawater can be found near the shore-
line rather than several miles away. This reduces the energy consumed in
overcoming the head lost to friction in the intake pipeline and makes the
technical and economic feasibility more a function of the basic differ-
ences between seawater cooling and conventional AC.

Another consideration in the selection of FCDSTC as a trial facility
was its concentrated AL demand . This facility, which requires only com-
puter cooling, was chosen rather than one requiring comfort cooling be-
cause the total cooling load for this facility is localized in one build-
ing and not scattered among several. Limiting the cooling load to one
building minimizes , for the purposes of this preliminary economic analysis,

4
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the effect of the cost of land distribution on the total cost. Figure 2
shows the seawater temperature/depth/distance from shore profiles for
the San Diego site. Also shown are the bathymetry and topography of the
site.

Seawa ter Cooling For FCDSTC

A calculation was performed for FCDSTC to provide information for
an econom ic analysis. This facility is located 300 feet above sea level.
Extra—heavy 12—inch pi pe was assumed to he laid 1.3 nautical miles out to
55°F seawater , and a turbine energy recovery stage was included to maxi-
mize the coefficient of performance of the system. The results of the
calculation indicate that a 120—hp pump that would pump 1 ,250 gal/mm
from the ocean bottom to the poin t of use wo uld be requ ired . Ac counti ng
for the energy recovered by the turbine , 31 lip (23 kW) must be supplied
to the pump . It the water is heated from 55 to 65 F at the facility,
500 TR can be furnished by the system. Thus , the sys tem wou ld have a
coefficient of performance of 75.

Heat Transfer Ccnsiderations. The foregoing calculation makes the
seawater system appear quite favorable; there are problems , however . One
major concern is whether the cold seawater can be pumped to the surface
without being excessively heated by the surrounding water. If the pipe
is a good hea t conduc tor , the temperature of the deep seawater will rise
too much . A calculation run with the steel pipe of the example indicates
that the water temperature will approach that of the surface water , where-
as a calculation for a pipe insulated with an inch of rubber indicates
that a temperature rise of 1.5°F will be experienced. The latter is an
accep table level but the f ormer indica tes tha t the pipeline should either
be made of an insulating material or insulated in some manner.

Alternative Designs. The results of this study indicate that a sea-
wa ter cooling sys tem for  FCDSTC , San Diego is technically feasible. Sev-
eral alternatives are available to reduce the length of the offshore pipe-
line or the requirement for insulation. One alternative is to use the
seawater for sensible cooling and employ alternative systems (i.e.,

desiccant, vapor compression) for humidity control. Another alternative
is the use of seawater for condenser cooling or brine precooling . Thus ,
the seawater systems could be used to improve the performance of con-
ventional systems. Finally, alternative pipe ma terials could be used
to reduce the cost of the system. For example , f iberglass pipe migh t
el imina te the need for insulation , but it would pose a more severe
anchoring problem than steel pipe.

5
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CO St  S

Installation. As indicated in Reference 1, the total capital cost
of a seawater cooling system includes the cost of the : (1) offshore pipe-
line , (2) pump ing station/wet well , (3) land distribution system , and
(4) user equipment.

From the prel im inary f igure s given in Reference 1, it is seen that
the major portion (nominally 85%) of the installation costs are for the
offshore pipeline . The authors of References 1 and 3 found that offshore
contractors are reluctant to make estimates of pipe—lay ing costs. How-
ever , it was clear from discussions with these contractors , that the
laying of 12—inch pipe to depths up to 300 feet was well within the state—
of—the—art. The estimated cost of laying pipelines (including weld ing ,
but not burial on shore) was $9 per foot for standard 12—inch pipe. Off-
shore , the pipe—lay ing costs increase rapidly with depth. The costs
(without burial) for standard 12—inch pipe varied from $15/ft for depths
less than 50 feet to $27/ft for depths to 300 feet. Laying extra—heavy
pipe would be somewhat more expensive because of the additional welding
time . For this preliminary estimate , $30/ft was selected as a reasonable
estimate for laying extra—heavy 12—inch pipe to 100—foot water depths .

These pipe—laying costs do not include the cost of the pipe , which
is $27 per foot for extra—heavy steel pipe. To these pipe and pipe—
laying costs must be added the cost of pipe coa t ing , cathodic protection ,
anchoring, and burial . For the purposes of making a preliminary estimate
of seawater cooling for the trial Naval facility, it was assumed that
coating , cathodic protection , and anchor ing wou ld no t be req uired if
extra—heavy pipe is used. Although burial may be required to protect
the pipeli’ie from wave forces or fishing trawlers or to prevent damage
to the trawlers , the cost of pipe burial was not included in this prelim-
inary estimate of the installation cost of the seawater cooling pipeline.
The additional cost of extra—heavy pipe , which is almost three times that
of standard pipe , should provide some contingency in this cost estimate
to accoun t for protection against these environmental hazards that were
not specifically addr essed.

The installation cost of a seawater cooling system at FCDSTC is
estimated below. These are based on the characteristics of the site and
the air—conditioning analysis given in previous Sections and on the sub-
system costs given above . These figures do not include provisions for
burial or insulation of the offshore pipeline .

6
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Total
Item Length Cc~st

Item Description Cost (ft) ($K)

(1) Offshore pipeline

pipe $30/ft x 7 900 = 474
installation $30/ft

(2) Pumping station/wet well

pump 1250 GPM, 150 HP = 15
turbine 300 ft head = 15

(3) Land pipeline (with return)

pipe $11/ft x 1 500 = 30
installation $ 9/ft

$534

Operation. The power demand of the 500—TR seawater cooling system
includes:

I tem Power (kW )

Seawa ter pumping (with par tial recovery -23

Additional pumping (in facility) 20

Cooling co il fa ns 85

To tal 128

If it is assumed that this electronics cooling system must operate con-
tinuously with a 50% load factor , 1,536 kWh will be used per day,  wh ich ,
at 4~ / kWh , equals $61/day .

The cost of labor and materials for operating and maintaining a 500—
TR seawater cooling system for FCDSTC Is estimated as $52 per day , based
on the estimate made in Reference 1. The total operational cost of the
seawater cooling system for FCDSTC is $113 per day . This includes the
cost of power ($61) and the cost of labor and materials for operating
and maintaining the system ($52). Not included in these costs are the
cos t of a small amoun t of addi tional dehumidi f ica tion tha t is req u ired
to supplement the humidity control provided by the seawater system.

7
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Economic Feasibility . The power requirement of a conventional ,
large building AC system for comfort cooling was estimated in Reference
1 to be 113 kW/lOO TR of maximum AC load . With the assumption that
this estimate can be used to estimate the power required for a 500—TR
electronics cooling load at San Diego , 565 kW are required. For con-
tinuous 24 hr/day operation with a load factor of 50%, the power con—
sumption is, therefore , 6,780 kWh . The cost of this power at 4C/kWh is
then $271/day for conventional AC at FCDSTC , San Diego . Recall that the
power required for seawater cooling at this facility was estimated in
the previous section to be 128 kW compared to the 565—kW est i mate for
conventional AC — an energy saving of 77%.

The following is a comparison af the cost per day for operational
expense of conventional versus seawater AC at the San Diego facility.
This comparison is intended to give an estimate of the cost saving that
may be accrued from using seawater to air—condition FCDSTC . For a con-
servative estimate , it is assumed that conventional AC systems required
onl y half as much labor and supplies for operating and maintaining the
equipment.

Item Conventional ($) Seawater ($)

Power 271 61

Labor and Supplies 26 52

Total 297 113

Therefore , a saving of $184/day or $67K/year  may be realized by using
seawater cooling rather than conventional AC.

A capital investment of $534,000 is required for seawater cooling
at FCDSTC , San Diego . This new type of air conditioning will result in
an annual savings of $67,000. If it is assumed that 10% is the interest
rate for cap ital to finance the construction of this seawater cooling
system , the payback period is 16½ years.

Findings , Conclusions and Recommendations

Seawater cooling was found to be economically feasible for  FCDSTC ,
San Dieg o, based on preliminary estimates of performance and cost. How-
ever , this facility is not a suitable site for an operational test of a
complete seawater cooling system because the capital cost of such a
system would be over $500K . Such a large investment for an operational
test of a complete system at FCDSTC is not prudent , bu t this facility
might be a good site for the development of equipment to improve the
effectiveness of seawater cooling, particularl y equipment which can use
warmer seawa ter (65 F ra ther than 55°F) for AC. Because costs of off-
shore p ipeline Install ation are such a h igh portion of the total 
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cooling system investment , a Nava l facility that dces not require a long
offshore pipeline should be used for an operational test. NSGA at Winter
Harbor , Maine , is such a facility.

I t was re commended in the FY76 study that :

1. An operational test of seawater cooling be perf ormed at the
Naval Security Group Activity (NSGA) in Winter Harbor , Maine .

2. Alternative designs f or seawater cooling be investigated ,
part icularly desiccant systems , for  impr oving the e f f ic iency of seawa ter
cooling.

3. The environmental impact of seawater cooling be inves t igated.

WINTER HARBOR DESIGN AND ANALYSIS

A preliminary design , economic and energy anal ysis , and environ-
mental impact assessment of a seawa ter AC sys tem for a building in
Corea , Ma ine , which is part of NSGA Winter Harbor , was conduc ted in
early FY77 for CEL by Tracor Maine (Reference 4). This work was per-
formed for a 100 TR system with 100% seawater AC backup . The energy
and system costs used did not includ e the air—handling system costs or
energy requirements.

Subsequent to the above work , seawater temperature measurements in
the bay that adjoins Corea (Prospect Harbor) were obtained and the bio—
fouling potential of the seawater AC system and prevention devices was
assessed . The results of these two efforts were published as supplements
to Reference 4, which is summarized below . In addition , surveys of the
land and sea f l oor topogra phy and geology al ong poten t ial pipel ine rou tes
were made and will  be used if th e f ina l  design, fabrication , and installa-
tion are done .

Site

The Win ter Harbor site, shown in Figures 3 and 4 , was chosen because
the building requiring continuous AC is located less than 2,600 fee t
(1,300 fee t to the shorel ine and 1,300 fee t from the shoreline to the
seawater intake) from a source of seawater estimated as 50 F the year—
round .

Design

Two major design op tions were examined : the first , to use seawa ter
for the entire cooling load (100 TR); the second , to use additional cool-
ing and dehumidification if and when the seawater temperature exceeds
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50°F. Subsequent s~ awater temperature measurements revealed that enhance-
ment is required during 3 months of the year . A number of alternate en-
hancement methods were examined , and prel iminary desi gns devel oped , in-
clud ing one for a solar/disiccant drying system. A simply packaged , air—
cooled , direct—exchange (DX) system of 40 TR was selected for the enhance-
ment. The use of the existing AC system for an enhancement was considered .
These design cons idera tions led to these three poten tial seawa ter AC
systems with: (1) no enhancement , (2) enhancement by new DX uni ts , and
(3) enhan cemen t by the existing AC system .

Energy and Economic Analys is

These three seawater AC systems with 100% backup were compared with
each other and with a conventional AC system of the same capacity (100 TR)
and 10—year life—cycle cost (LCC) as follows (Reference 4):

Annual Energy 10—yr
use (MWh) LCC ($K)

Seawater AC 111 305

Seawa ter AC with new DX enhancemen t 250 380
Seawater AC with existing AC enhancement 322 397

Conventional AC 861 404

The existing AC system at Winter Harbor and a seawater cooling system
without enhancement are compared in Table 1. It was concluded from these
comparisons that signif icant savings in bo th energy and money are po ssible
with seawater AC at Winter Harbor (Reference 5).

Env ironmen tal I mpa ct

An environmental impact assessment (EIA) was performed in the early
stages of this ‘.‘oTk on a much larger sea—water air conditioning system
than was finall y settled upon in the preliminary des ign. The ETA was
made f or a 3,0’)O—gpm system , wh ich led to a very con serva tive (h igh)
estimate of the impact because the system was finally envisioned to be
less than 400 gpm . Another difference between the preliminary criteria
for the EIA and the final system design was the solution to the biofoul—
ing problem. The subsequent biofouling stud y recommended sys tems wh ich
do not require chlorination; this approach considerably reduced the im-
pac t of seawater cooling on the environment.

The ETA judged that no significant adverse environmental impacts
are foreseen . The long—term local environmental impact will take the
form of minor adverse disturbance to plankton and fish in the water and
plant life on land . Short-term temporary local disturbance along the
p ipeline construction route is unavoidable.

10

~

-----

~ 

~~~~~~~~~~~~~~~~~~--- ~~~~~- ---



SEA/LAKE WATER AIR CONDITIONIN G NAVYWIDE

The energy saving and economic potential of sea or lake water AC
of facilities throughout the Navy were determined. First , the individual
AC demands of Naval facilities adjoining major water bodies were deter-
mined ; then the water temperatures in these water bodies were found .
Ten facility sites with high potential for the application of sea/lake
water AC were selected. Then the economic potential of these ten was
determined . Finally~ 15 other si tes , which also have po ten tial (b ut no t
as high as the ten) for sea/lake water AC , were identi fied, and the
potential energy saving of these was determined .

Air Cond ition ing Demands

The presen t energy demands of AC a t f ac i l i ties thro ughout the Navy
were determined using the output of the Defense Energy Information System—
Utilities (DEIS—2). For 241 of these 514 facilities , rea sonable es timates
could be made of the elec tr ical energy consump t ion for  each mon th of
FY76. These monthly estima tes were used to de termine the amoun t of
electrical energy consumed each year at each fac ili ty for AC (Ref 7).

Sea/Lake Water Temperatures

To make the collection of water temperature data tractable , limits
were placed on the desired temperature; this 50 F selection was based
on prior work discussed in the following .

The maximum water temperature feasible for direct cooling of build-
ings in Miami Beach , Fla. was determined In Reference 2 to be 50 F.
During the work described in Reference 4, it was found that the cooling
efficiency of available coils and particularly their ability to remove
moisture falls off rapidly at 50°F. Therefore , 50 F was selected as the
max imum yearl y bottom water temperature to be sought In this data
coll ect ion .

As shown in Figure 5, water with a year—round temperature of under
50 F can be found all around the continental United States. The distance
from shore to this sufficiently cold sea or lake water varies from a
minimum of 0 nautical mile (adjacent to the coast) in the extreme North-
east to up to 150 nautical miles in the Southeast. The sources of this
water temperature data were (1) National Oceanograp hic Data Center for
fac i l ities near the ocean , (2) W. Harrison of Argonne Laboratories for
Lake Mi ch igan near the Great Lakes Training Center , Chicago , Ill., (3)
Reference 2 for Miami Beach , Fla. , and (4) Reference 4 for Winter H0rhor ,
Maine.
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Ten Selected Navy Sites

The selection of the ten sites with high po ten tial f or sea or lake
water AC was based on the water temperature criteria (50 F) discussed
above and on the f ollowing cri teria for  d istan ce fro m shore and m inim um
annual AC energy usage .

A limit of 3.5 nautical mines (nmi) was placed on the distance from
shore to reach 50 F water for selection of these ten sites. This dis-
tance limit was based on the previous studies , discussed below. Ref-
erence 2 considered seawater cooling for Miami Beach , Fla., wh ere 50 F
wat er can be obtained 3.6 nmi offshore , and a preliminary des ign of a
hi gh capacity (20,000 TR) seawater cooling system for this site was dis-
cussed. A comparative l y low capacity (100 TR) seawater cooling system
was pr eliminar ily desi gned fo r Win ter Harbor , Main e, where 50 F water
can be ob tained 1,300 feet offshore (Ref 4). Therefore , 0 to 3.5 nmi
was selected as the range of distances to 50 F water for the selection
of these ten sites , and the cos ts of the Miami Bea ch and W in ter Harb or
seawater AC systems were used as starting points for the economic com-
parison , which follows in the section entitled “Economi c Comparison.”

The third criteria used in the selection of these ten sites was a
l000—MWh/yr lower limit of energy use for AC. This amount of annual
energy consumption for AC is about that of a continuously operating 130—
TR AC system , or a 250—TR system that only operates in the summer , or a
500—TR system that neither continuously operates nor is used for summer
cooling . These ten facility Sites are listed in Table 2 in order of
potential energy dollar savings.

Econom ic Comparison

For comparing sea/lake water AC with conventional AC at these ten
sites , the energy and economic charac teris tics of ea ch si te are also
given in Table 2. The electrical energy costs and capital investment
costs of sea/lake water AC and conventional AC systems were estimated
using the techni ques described below for each site.

The electrical energy costs were assumed to be the same per unit of
energy for either sea/lake water AC or conventional AC . These costs at
Naval facil ities were determined usin” the DEIS—2 output. The costs per
megawatt hour (MWh) were found from this output for FY76; these were
extrapolated to FY80 using a 16%/yr electrical energy escalation rate.
The electrical energy costs for these two years are shown in Table 3.

The capital investment costs (first costs including design) of bo th
sea/lake water AC and conventional AC were determined assuming a situa—
don in which an AC system of some type is required at a Naval facility

12
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to replace an existing conventiona l AC system . Therefore , the first
cost estimates of both sea/lake water AC and conventional AC did
not include the costs of the portions of the AC systems which can be
used in either type of system . Thus, the material and labor costs of
the fans and ductwork were not included in the cap ital costs of either
t y p e  of system , but the costs of modifications to make a sea/lake water
AC system usable in a formerly conventional AC system are included in
the first costs of sea/lake water AC systems . These criteria were used
in estimating first costs in References 2, 4 and 5 so the f i r st cos ts
estimated in these references were used in the following capital invest-
ment cost estimates.

Th e cap ital cost in FY77 of the lOO—TR seawater AC system at NSCA ,
Winter H~irhor with full backup was estimated to be $229K (Reference 4).
This cost included two offshore p ipelines , one f or the pr imary sys tem
and one for the backup system , each of wh ich is 1,300 feet long . The
cap ital Cos t  of a lOO—TR system without backup (the additional pipe l ine
and accessories) was estimated to be $l73K (Ref 8). Reference 5 indi-
cates that onl y 81.4 TR are required at this NSGA. Therefore , the above
cost for a l00—TR system was reduced to account for this lower tonnage .
This led to an estimate of $148K for a seawater AC system of 81.4 TR
without backup at Winter Harbor. For the purpose of cap ital cost esti-
mating, it was assumed that the above seawater AC system cost could he
used to make estimates , albeit cruide , of low capacity (under 1,000 TR)
sea/lake water AC systems . It was assumed further , because the cost of
the o f f s h ore p ipeline is such a major portion of the total cost of sea/
lak e wa ter cooling systems , that the total cost is a function of the
of f s h o r e p ipel ine length. Therefore , the factor , $700K/nmi ($148K/0.21
nmi) was used to estimate the first cost of low capacity sea/lake water
AC systems . The capital cost of a seawater AC system of 20,000 TR tor
Miami Beach was estimated in Ref 2 to range up to $23.4 million and re—
quire a pipeline 3.6 nmi long or about $6,500K/nmi. Five of the selected
sites require AC systems of less than 20,000 TR ($6 ,500K/nmi) but more
than 2,000 TR ($700K/nmi.) These extremes of seawater AC costs are
plo tted in Figure 6(a). The costs of seawater AC at all ten sites were
estimated using this figure . The resulting estimates are admittedl y very
cr ude , but presently there are no more precise methods of estimat ing the
cost of sea/lake water AC systems short of perfor min g a prel im inary
design l ike that done for NSGA Winter Harbor (Ref 4). A better means of

3 estimating the cost of sea/lake water AC systems is needed which will
allow the rap id evaluation of sea/lake water AC at Naval facilities.

Estimates of the first cost of conventional AC systems were based
on approximate costs per TR in FY77. Reference 5 estimated that the
first cost of a conventional system like that at NSCA , Win ter Harb or
(81.4 TR) would cost $160.8K or about $2,000/TR. For large systems of
about 10,000 TR , curren t p rac t ice calls f or an est ima t ing fac tor of
$l ,000/TR . These extremes of conventional AC costs are plotted in
Figure 6(b), and this plot was used to estimate the first costs of con-
ven tional AC at the ten selected sites.
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F ifteen Other Navy Sites

The to tal energy saving potential (in terms of MWIi and dollars per
year) is needed for all sites of Naval facilities which can use sea/lake
water AC. Therefore , others of the 241 (of 514) Naval facilities at
wh ich reasonable estimates of AC energy requirements could be made were
selected considering the minimum water temperature criteria (50 F)
described above , but not considering the criteria of 3.5 nmi maximum
distance from shore or of 1,000 MW h/yr  minimum AC energy requirement.
The fifteen other sites thus selected are listed in Table 4 with the
total energy saving potential of these fifteen plus the saving potential
of the previous ten . It must be noted that these fifteen sites may not
be f ound t o  be econ omical ly feas ible  if the cap ital costs are considered
os they were with the ten selected sites. However , it must also be
pointed out that those 25 Naval facility sites may not Include all of
the sites which may have potential for sea/lake water AC because all of
these sites were selected from only 241 Naval facilities from the total
number of over 500.

FINDINGS AND CONCLUSIONS

It was found that:

1. The cap ital cost of a seawater AC system without new backup or en-
hancemen t at NSGA Winter Harbor is $l48K (FY77). This system will con-
serve 213 tiWh of electrical energy and save $9K per year .

2. Nova l fa ciliti e s in the United States (particularly in Maine , near
Chicago , on the West Coast , and in Hawaii) can profit from installing
sea or lake water AC in lieu of conventional AC when there is a need to
replac e existing AC systems . In Guam and Puerto Rico Naval facilities
can also profit from the same type of installation .

3. Twenty—five sites of Naval facilities were identified , f r om 241
facilities which were investi gated , as hav ing poten tial f or sea/ lak e
water AC. If sea/lake water AC were used at these 25 sites , the sum
of the energy savings would be 59 X l0~ MWh and a correspond ing dollar
savings o f  $3 million per year.

4. Ten of these sites of Naval facilities have high potential for
economicall y using sea/lake water AC; the sum of the energy savings at
these ten is 23 x iø~ MWh and a corresponding saving of $1.3 million per
year.

5. Naval fac ilities at Apra Harbor , Guam ; Pt Mugu Calif ; Chicago Ill.;
and Pearl Harbor , Hawaii have the h ighest potential of the 25; sea/lake
water AC at these four sites can have energy savings of 19 X l0~ MWh and
a corresponding saving of $1 million/yr.

14
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I t was concluded tha t :

1. An operational test of sea/lake water AC is needed .

2. Seawater temperature measurements at the sites of Naval facilities

with the highest potential savings in energy and money are needed .

3. A means of estimating the cost of sea/lake water AC , shor t of doing
a prel iminary desi gn , is needed.

RECOMMENDATIONS

It is recommended that:

1. A par ame tr ic model be developed for estima t ing the capi tal and
energy costs of sea/lake water AC systems at Naval facilities.

2. Seawater temperatures be measured at Apra Harbor , Guam ; Pearl
Harbor Hawaii; Chicago Ill; and Point Mugu , Cal i f .

3. A final design , fabr ica tion , ins trumen tation , and ins talla tion o f
a seawater AC system for NSCA Winter Harbor be made.
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Table 1. Energy and Economic Analysis for Winter Harbor Seawater
Air Conditioning Systen

Air Conditioning
Anal ysis Factors Only Total

a

Annual Electric Energy Consumption
b

Existing AC Sys tem MWh 399 659
Seawate r Cooling System , MWh 117 446

Annual Electric Energy Savings , MWh c 282 213

Per -cutage of Present Consumption , % 71

eFuel Oil Savings , barrels  584 441

FY80 Doll ar Savings , $ 11 ,400 8,600

a
Air Conditioning + Distribution + Humidity Control

b
F Ref 5.

C
Existing AC System — Seawater Cooling System .

d
Also used in Tables 2 and 4 to estimate potential savings at
the 10 selected sites and 15 other sites , respec tively.

e
Assuming 35% power plant efficiency: 1 NWh 2.07 barrels of
oil.

~Assuming electrical energy cost in FY77 = $O.0259/kWh (averaged
from Ref 5) with 15%/yr short—term escalation to FY80; when the
seawater cooling system becomes operational , elec trical energy
cost = $O.0404/kWh .
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Table 3. Electrical Energy Costs at Nava l Facilities
at Ten Selected Sites

Electrical Energy Cost. ($/MWh)

Site  FY76 FY80

Apra Harbor , Guam 39.00 70.59

Pearl Harbor , Hawaii 28.38 51.37

Ch icago , Ill. 19.00 34.39

Bark ing Sand s, Hawaii 68.79 124.51

Point Loma, Calif. (Naval 26.46 47.89
Unders ea Cen ter)

Barbers Po in t , Hawaii 28.38 51.37

Point Loma , Ca l i f .  (FCDSTC) 31.39 56 .82
Point Mugu , Calif. 24.89 45.05

Sabana Seca, PR 44.20 80.00

Cutler , ME 24.26 43.91

I i
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‘Fable 4. F i f t e e n  O t h e r  Navy S i t e s  fo r  Sea/Lake
Water Air Conditioning

A nnti;i 1

~otc’nt Ia] Savings

.- \ nnua  1 Energy  $
\(~ ( ‘32~ of AC ( l .nc rgy

Eiiv  r g \  Energy  Savings 0/ f slio r I’ i ~&-l I ~ie14 ’-I I SI i r e  — R e qu i r e —  ‘
~ 46 43

- - 
‘ MWh) l5e’ngt i i  ( n m i )

‘7 i L l  m i n t , m e n t ) ,  
$K — —

(~“.ava 1 I- ,n ’ i 1 I t i i ’ ~~) ( t1WhX lO3 MWli - ) 5  i U )  10 15 I )~~2()

11 S uh i c  Bay ,  2 3 . 3  7460 346 N 
—

l ’ h i l i pp in e  I s l a n d s
( N S R F )

12 San Dieg o , Cal i f . 20 .4 6530 303 X
(11 Facilities)

1 3 Key West , Fla . 19.0 6080 282 X
(4 Faci lities)

14 North I s l a n d , 15 .3  4900 228 X
C Caljf . (Air Station)

15 Yokosua , Japan 14.6 - 4670 217 X
(5 Facilit ii’s)

C 
16 Okinawa , Japan 6.6 2110 98 X

(F’lt Act)
17 Balb oa , Panama 5.3 1700 79 N

(Corn. Station)
18 Long Beach , Cal i f . 3.0 960 45 X

(Shipyard)
19 Sas ebo , Japan 2.5 800 37 X

(Fit A ct)
20 Coronado , Cal if. 2.2 700 33 X

(P h i b  Base)
2 1 W i n t e r  H a r b o r , M ain i  0 . 7  220 10 X

( S e c u r it y  Crp  A c t )
22 Fernda l e , C a l i f .  0 .5  160 7 X

(Naval Facility)
23 Sea l Bea ch , Cal if. 0.3 100 5 X

(Weapons Station)
24 Anti gua , Bahama s 0 .2 60 3 X

(N aval Faci l it y)
25 Wh idbey I sl and ,Wash. 0.1 30 1 X

(Air Station)

TOTALS 36480 1694
Sites 11—25 36.5Xi0~ 1.7 million
Sites 1—10 (Table 2) 22.9X10 1.3 million

* Total Potential Savings 59.4X103 3.0 million

*ARjerage cost of electrical energy to the Navy in FY80.
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