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operate over the range of exhaust pressures exper- 
ienced with varying wet or dry bulb temperatwes 
with minor variations in turbine efficiency. The 
design and cost of these machines for a floating 
cooling application are not radically different 
f r m  machines built to operate at 8 fixed exhaust 
condition. 

OBJECTIVE 

lhe primary objective of this report i s  to 
establish and quantify the thermodynamic and cost 
benefits of the floating cooling concept in the 
operat ion of non-evaporat i ve atmospher i cal ly-cooled 
geothermal systems operating upon medium tempera- 
ture hydrathermal resources. This subject has 
recently been examined for evaporatively cooled 
geothermal systems (1). A binary cycle power plant 
utilizing the floating cooling heat rejection 
method i s  shown to generate significantly more 
electrical energy at a higher thermodynamic eff i- 
ciency and reduced bus bar cost than the s m  plant 
operating in the conventional fixed condensing 
temperature node, for approximately the same capital 
investment. 

The thermodyamic and cost benefits of floating 
cooling are shown to be greater for a binary plant 
which i s  air-cooled rather than coaled evaporatively. 
Through a computer modelling case study of a oool- 
rnercial size binary plant at Heber, California. it 
i s  determined that energy produced by a dry float- 
ing cooling geothermal plant is cost competitive 
with evaporatively cooled plants. 

FLOATIIG COOLING IN THE IMPERIAL VALLEY--A CASE SNDY 

The remainder of this report i s  devoted to m- 
puter modelling of the themdynamic and cost bene- 
fits derived for  floating cooling when applied to 
comnerci a1 -s i ze geo t hemal i so bu tane binary cycle 
power plants located at Heber, CA. The resource 
and sink characteristics of the Heber site are 
typical of a number of medium temperature hydrother- 
mal resources in California’s Imperial Valley. 
Floating cooling I s  particularly suited to exploit 
the source and sink conditions characteristic of 
the Heber site for the following reasons: 

(1) The local desert climate exhibits high maximum 
annual wet and dry bulb temperatures over rel- 
atively few degree days and large daily and 
seasonal wet and dry bulb temperature variations. 

(2) The temperature of this resource (180%) i s  best 
matched with an organic fluid binary cycle power 
plant (4). 

be guaranteed over the life of the plant accor- 
ding to preliminary design studies (4)* 

(4) The large additional capital and operating 
expenses incurred with a dry cooling system are 
offset by operating the plant in the floating 
cooling mode. 

(3) A suitable cooling water make-up supply cannot 

A FLOATING COOLING COMPUTER MODELLING 
SCENARIO USING PROGRAM GEOTHM 

The emputer model used in this study is the 
LBL-developed thermodynamic process computer code 

GEOTHM. The unique slngle-step optimization capa- 
bility of the G E O M  code i s  first employed in the 
design of two m i n i m  energy cost 50 )Menet base 
load power plants. The first plant, illustrated in 
Figure I, incorporates conventional evaporative heat 
rejection subsystem components, i.e., a water cool- 
ed condenser coupled to a forced draft wet cooling 
tower. The second plant, illustrated in Figure 2, 
is configurationally identical to the first plant 
except that a forced draft isobutane/air direct, 
dry-type cooling tower condensing system has replac- 
ed the evaporative heat rejection system. These 
are fixed Us wet and dry bulb temperature designs, 
i.e., the plants will deliver 50 We constant net 
power during the 9% of the sumner months (June 
through September) that the design wet and dry bulb 
temperatures are not exceeded. The program’s off- 
design optimization routines then sfmulate the 
operation of these fixed capaclty plants in the 
floating cooling mode, during daily and seasonal 
temperature variations, to maximize power production 
throughout the year. The floating coaling plants 
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Figure 1. A typical evaporative (wet) cooled binary 
geothermal power cycle with 1 W C  inlet 
brine. 
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Figure 2. A typical dry alr (dry) cooled binary 
geothermal power cycle rlth 1-C inlet 
brine. 
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ts have been designed, i.e., quip- 
and fluid mass flows established 

at the GEOTHM minimum energy cost designs, the off- 
design optimization routines can be invoked to 
o erate the plants in the floating cooling mode. h tion to fixing the brine flow rate, the GEOTHM 
floating cooling model assumes that the following 
conditions will remain constant throughout the year: 
(1) turbine inlet temperature, (2) turbine inlet 
pressure (3) heat exchanger area, (4) condenser 
area (5) cooling tower packing area (wet system 
only! and, (6) cooling water or air flow rate, 
Coupling these constraints with the system state 
variables mathematically dictates a unique solution 
for the turbine back pressure at any given wet or 
dry bulb temperature. The one-to-one relationship 
linking turbine pressure ratio with wet and dry 
temperature is plotted in Figure 4. The offde 

iency will vary with turbine back 
rding to the turbine performance models 
re 4. In order to maximize the off- 

design production of floating power, the turbines 
for each of the plants have been designed to operate 
at their peak efficiency for a turbine back pressure 
corresponding to the annual mean wet of dry bulb 
temperature, respectively. 

The 1-9 plot in Figure 5 shows how the dry 
cooling cycle has been adjusted to acconmodate a 
seasonal shift in the dry bulb temperature. Case 2 
represents the adjusted floating cooling themdy- 
namic operating condition of a plant experiencing 
the increased cooling potential afforded by the mean 
January dry bulb temperature (11.9%) for Heber, CA. 
Case 2 is a significant departure from the Case 1, 
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Figure 4. Turbine pressure ratio and turbine 
efficiency vs wet or dry bulb temperature 
for wet and dry floating cooling power 
cycles. 

Figure 5. A temperature heat flow plot comparing 
dry cooled cycles at the 12 design dry 
bulb temperature (43.9 C) and the mean 
January dry bulb temperature (11.9 C). 

the fixed 1x dry bulb temperature (43.90C) design 
for the following reasons: 

(1) The isobutane condensing temperature is about 
300C lower! 

(2) The reduced condensing temperature, and conse- 
quently the reduced turbine back pressure, allows 
the turbine to extend its expansion process to 
produce more useful work. This plot shows the 
extended turbine expansion line, resulting in 
a 93% increase in net power! 

(3) The increase in available energy at the lower 
dry bulb temperature shows up as an increase 
in the heat transferred across the heat exchanger 
and condenser and as a nearly 2CPC decrease in 
the brine reinjection t 

osed upon the 
constant area exchanger and condenser is com- 
pensated by an increase in the mean temperature 
difference across these devices. 

(4) The greater heat transfe 

Seasonal Floatinq Power Output for 
h b e r  Power Plants 

The month1 mean net power generated by a float- 
ing c o o l i h n t  for the 18fPC Heber resource 
is computed uslng published monthly mean climato- 
logical data (7). Figure 6 is a plot of the monthly 
mean floating net power output-for both the wet and 
dry cooling plants. Note that the mean net power' 
productlon during all months exceeds the 50 We fix- 
ed capacity rating, since the mean monthly wet or 
dry bulb temperatures are always less than the 12 
design twperatures. These seasonally varying float- 
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z An initial inspection of Table 1 indicates the 
seemingly attractive prospect of producing energy 
from a dry floating cooling plant at costs compe- 
titive with wet cooling systems. This pleasantly 
suprisfng result must be examined with the following 
qualifications: 

(1) The dry cooled plant which produces 50 We a t  
the 1% design condition requlres about 50% more 
plant capital investment expenditures than a 
comparable evaporatively cooled plant. 

(2) The net power output of the floating cooling 
plants fluctuate significantly with daily and 
seasonal atmospheric temperature variations. 
Maximum daily power production occurs during 
late evening and early morning hours. Maxlmum 
seasonal power production occurs during the 
winter months (see Figure 6). These times are 
usually considered off-peak demand periods by . 
ut 1 1 i ties . 

(3) This report assumes that all energy produced 
by a floating cooling power plant can be sold 
at the same rate. This assumption may be sub- 
ject to adjustment to reflect a utility's 
attitudes toward the seasonal and daily power 

id to the producer is 
charged on a dollars per pound basis for a 
floating plant operating at a constant year- 
round brine flow requirement, even though the 
brine rein.iection temwrature fluctuates with 

- 

re plotted in Figu 
our minimum energy 
ng plants to deliv 
ng to the average 

fixed capacity wet cool- 
nt net power correspond- 
wer output of the dry 
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figure 7. Plant capital cost and bus bar energy 
cost as a function of average annual net 
power output from fixed wet cooled plants 
and floating dry cooled plants. 

floating cooling plants. The plant capital invest- 
ments and energy costs for each of these fixed 
capacity plants are also plotted in Figure 7. 

that a dry floating cooling plant can deliver the 
same amount of average annual power as a fixed 
capacity wet cooling plant for a sli tl lower 

of energy! 

CONCLUSION 

Floating cooling Is best used In power cycles 
employing the binary or secondary working fluid 
concept. Dry air cooling systems are particularly 
uell suited to the binary cycles because the 
secondary rorking fluld entering the condenser 
fran the turbine has a lower specific volume, this 
reduces the size of the air coaled condenser. 

Comparison of the cost curves in Figure 7 $haws 

plant capital cost requirement an + at a ower cost 

Bus bar energy cost from 1 thermal power 
plant employing floating dry coo 3" ing is competitive 
with the cost of energy from an evaporatively 
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P 
cooled system. The capital cost (glven in dollars 
per average net kilowatt) of a floating dry cooled 
plant is comparable with the capital cost of an eva- 
poratively cooled plant. A power plant with float- 
ing cooling will exhibit wide seasonal and daily 
variations of net power production. This variation 
rill be greater if the plant uses dry air cooling. 
As a result, the use of floating dry eaoling should 
be considered for geothermal power plants located 
in arid regions of the k r i c a n  Uest, (Most of the 
known hydrothermal geothermal resources in the UnIted * 
States occur in such regions.) .. 
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