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Executive Summary 

Our senior design group worked in the field of condensate collection for recycling purposes. 

Financial support for the project was provided by the San Antonio Water System (SAWS) and 

the Trinity University Engineering Department. The client for the project was the Drury Hotel 

chain.  Our condensate collection design group has addressed two main deliverables to submit to 

SAWS. The first one was to verify the functionality of an existing calculator that has the ability 

to predict the amount of water condensation that can be captured from an air conditioning system 

in a building such as a hotel.  The second deliverable was to design a condensate recycling 

system that will be installed at Drury’s facility, near the San Antonio Airport.   

The final condensate collection system design includes a pump that will be controlled 

using an EchoPod sonar liquid level detection device.  The condensate will be stored in an 

existing basin that will be covered with Pond Shield waterproof epoxy.  A flow meter will also 

be used to determine the flow to the cooling tower.  To collect the required data to confirm the 

calculator numerous data loggers will be used.  The data loggers will record the temperature and 

humidity entering and leaving the air handlers. They will also record height readings from the 

EchoPod, which will translate into amounts of condensate in the basin.  A detailed testing plan 

has been included, although the group was unable to perform the tests described. Incorporated in 

the testing is an account for how the hotel showers will affect the amount of condensate 

produced.   

Though the system that has been designed it has not been installed and tested and the data 

analysis methods have not been executed; the plan that has been developed meets the criteria set 

forth at the beginning of the project.  The design accomplishes the objectives of the system while 

operating within the constraints of the project and maintaining the level of quality that is desired. 

The constraints to which the design has been tailored consist of its ability to operate within the 

specs of the Drury Hotel A/C system including the volume of condensate that it can handle and 

the distances that the condensate must be transported, as well as the accuracy with which 

measurements must be made for condensate prediction models.  As designed, the system appears 

to accomplish these goals.  Beyond these objectives, the quality of our design plans have been 

evaluated with respect to the criteria of cost effectiveness, safety, aesthetic value, durability, 
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extent of maintenance, and ease of operation.  The design meets expectations for all of these 

criteria. 
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1 Introduction 

Our senior design group worked in the field of condensate collection for water conservation 

purposes. Financial support for the project was provided by the San Antonio Water System 

(SAWS) and the Trinity University Engineering Department. The client for the project was 

Drury Hotel.  Our condensate collection design group addressed two project goals. The first goal 

was to design a condensate recycling system that will be installed at Drury’s facility near the San 

Antonio Airport.  The second was to verify the functionality of an existing calculator proposed 

by San Antonio Water System (SAWS) that has the ability to predict the amount of water 

condensation that can be captured from an air conditioning system in a building such as that of a 

hotel.  The group produced a detailed design for the collection system to be implemented at the 

airport hotel location, which includes components for data collection to verify the calculator’s 

function.   
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2 System Design 

The main components of the system that will be placed at the Drury Hotel airport location 

are detailed in section 2.1, Design Plan.  In section 2.1 each component is described along with 

justification for its selection.  Section 2.2 describes the current status of the system.   

2.1 Design Plan 

The design for the condensate collection system that is to be built at the Drury Hotel 

airport location includes a piping scheme from the condensate collection point to a basin with a 

level control mechanism, a pump, a flow meter, a pressure gauge, and a piping scheme from the 

pump to the cooling tower.  Figure 1 shows a model of the system including the basin, pump, 

level control, and flow meter. 

 

Figure 1: Design Model 

Preexisting drain pipes from multiple sources gravity feed condensate to an underground 

well.  The water transport from input of the well to the storage basin will be accomplished by 16 

feet of polyvinyl chloride (PVC) pipe.  The basin will consist of a pre-existing concrete vessel 

with an estimated volume of roughly 1000 gallons.  The design for our application calls for the 

Wall in 
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basin to be coated with Pond Armor waterproof sealant and covered by a custom plastic cover 

from CoverUs to keep out dust and other contaminants.  The water flow from the basin to the 

chilling tower will be powered by a Grundfos ! hp multistage centrifugal pump.  The pump will 

be controlled by signals from an EchoPod sonar liquid level detecting device.  The EchoPod will 

activate the pumps power supply when it reads a water level above a predetermined value that 

will be correlated to the desired condensate volume and will disengage the pump after the water 

level has dropped to the desired level.  In order to verify the operating parameters to which the 

piping system has been designed, a Granger pressure gauge will be installed in the piping just 

after the pump to read maximum pressure in the piping system.   

The piping from the pump to the chilling tower will begin with approximately 15 feet of 1-

1/2 inch PVC pipe which will travel a vertical distance of 6 feet and 2 inches. A GF Signet 515 

Rotor-X Paddle Wheel Flow Sensor will be placed 1 foot from the end of the PVC section (i.e., 

14 ft downstream of pump) to measure the flow rate of water being delivered from the pump to 

the tower.  Following the PVC will be 86 feet of 1-1/2 in hePEX Plus tubing which will travel a 

vertical distance of 10 feet and extend to the north wall of the front building of the hotel.  PEX 

tubing was chosen because of its ease of installation. The he designation denotes an oxygen 

barrier which prevents oxygen from seeping into the water flow and rusting fittings and other 

system components.  However, PEX is not suitable for outdoor applications since it degrades 

with exposure to the sun’s radiation.  From the north wall of the front building, 1-1/2 inch PVC 

pipe will extend under the second building and across to the parking garage to transport the 

condensate to the chilling tower. It will run 320 feet including a vertical distance of 70 feet.  The 

EchoPod and flow sensor will deliver readings via 20 mA cables to a HOBO 4-channel External 

Data Logger to provide continuous condensate production rate data. 

For a detailed list of specific vendors used, along with a breakdown of all system 

components needed, please see Appendix B.  Also in Appendix F, there are figures that show 

how the pipes went from the basement to the cooling tower, and on top of the parking garage. 

2.2 Current System Status 

The system has yet to be built. The various parts are being reviewed by the involved parties 

and awaiting order.  Some proposals for changes have been made by contacts from Drury.  One 

proposed change is that the basin be coated with an existing tarp rather than Pond Armor sealant; 
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this is being considered.  Another proposal is that, rather than logging information from the 

various sensors in the design, an external data collection system be installed. 



Page 5 

 

3 Methods 

 To aid in the understanding of how well the system operates, a system testing plan was 

made.  This plan includes procedures to test all major system components.  A plan was also 

designed to verify the accuracy of the SAWS condensate prediction calculator.  However, if the 

calculator is found not to be accurate, the plan is to use a regression model on the data to develop 

a new model. 

3.1 System Testing Plan 

System components must be tested to prove that they function properly before installation.  

To begin, the storage basin must be tested to ensure that it does not leak with the existing liner.  

If no leaks are detected, it might be optimal to use the current liner rather than the Pond Shield 

epoxy.  If the existing liner leaks, the same test would be necessary after the Pond Shield is 

applied.  In order to test if the reservoir leaks, it will be filled with water to a specified level. 

Once the basin is filled, it will be left alone for 72 hours and then checked to see if the water 

level stayed the same.  If the level drops significantly it is because the basin leaks; if the water 

drops a very small amount it will be assumed that it is due to water evaporation.  To confirm that 

any small drop in level is due to evaporation, an additional test will be performed 

simultaneously. This test involves a clear glass that is filled with water. A height measurement 

will be taken of the water in the glass, and, at the end of the 72 hours, another height 

measurement will be taken.  If the difference in the height of the water in the glass correlates to 

that of the water in the basin after taking into account differences in volume and surface area, it 

will be assumed that the height difference in the basin is from evaporation. 

The piping is the second system that must be tested. There are two types of tests to which 

this system will be submitted. The first test is a visual inspection of possible leaks through the 

system, particularly at joints. The second test consists of verifying that the pressure level inside 

the pipe is below the pipe ratings provided by the manufacturer. A pressure gage from Grainger 

will be used to measure the maximum pressure.  The pressure gauge will be located at the pump 

outlet.      

The control system must also be tested before installation at the Drury Hotel facilities. It is 

important to see if the on/off features of the system work according to the specifications. In order 
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to verify this, a plastic barrel will be filled with water and the control system will be 

implemented to test whether it turns on when the water reaches a predetermined level and turns 

off if the water is below a lower predetermined level.  The water will be removed from the 

plastic barrel via a hole at the bottom.  A rubber plug will be used to keep the water in the tank 

while it is being filled.  Once water has reached the top the plug will be removed and the water 

will be allowed to drain out.  To test if the EchoPod is functioning properly, it will be hooked up 

to a LED light instead of the pump.  When the LED is on, it will simulate the pump being on.  

When the water reaches the predetermined upper limit, the EchoPod should registers 20 mA, and 

the LED should be turned on. The LED should stay on until the water level reaches the lower 

level where the EchoPod should register 4 mA.  When the LED is off, it will simulate the pump 

being off, and this should occur once the water level reaches that lower limit and continue until 

the tank is refilled to the upper limit.  The LED is being used instead of the pump because it 

won’t be possible to run the pump during this simulation.        

To test if the flow meter works properly, a simulation of the system will be done. This will 

be accomplished by using pressurized water from a hose (most likely a garden hose).  A five 

gallon bucket will be placed at the end of the flow meter to collect the water.  Once the bucket 

has been filled, the flow meter will be checked to make sure it registers the five gallons that ran 

thru it. In addition to measuring the total volume of flow the meter also measures the flow rate.  

Therefore a stopwatch will be used to measure the duration of the test.  The measured time value 

will be used in correlation with the total volume measurement to determine the average flow rate 

of the hose water.  If the hose is kept at a constant setting this value should serve as an accurate 

benchmark to gauge the accuracy of the flow rate reading output of the meter.  

The final critical component of the system is a pump. It is not feasible to test this 

component before installation because it would be very expensive to simulate the same amount 

of head loss and other conditions that the pump will need to operate under. The Collection 

Design Group will assume that the pump operates properly according to the manufacture’s specs 

and verify so with in-situ flow rate measurements once installed.    
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3.2 System Testing Status 

Unfortunately, the system has yet to be tested.  The main reason is that most of the system 

components have not been received yet.  The only component that has been ordered and received 

is the pump, and since the pipes have not been installed, it is not possible to test the pump.   

3.3 Shower loads 

The amount of moisture produced by the showers in the hotel will affect the amount of 

condensate collected.  Even though exhaust fans are present in the bathrooms, it is expected that 

they will not be able to remove all of the moisture from air, and this will cause additional 

condensate to form in the air conditioning system located in each room.  The current SAWS 

calculator only accounts for the main building air handlers.  Since each guest room at the hotel 

has its own air conditioning unit that drips condensate to the main tank, any major contributions 

of condensate to the room units must be evaluated to see how they affect the total amount of 

condensate collected. 

To get an estimate of how much condensate will be produced in each room, a simple 

experiment will be conducted.  The equipment needed for the experiment will be two 

temperature and humidity data loggers.  One data logger will be placed at the entrance of the 

room’s air conditioning unit, and the other will be placed at the exit.  Figure 2 shows the 

placement of the data loggers relative to the air conditioning unit in the guest room.  

 

 

 

 

 

 

 

 

Figure 2: Shower Testing Schematic 
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The shower will then be run for a pre-determined amount of time, with the exhaust fan either on 

or off, and the bathroom door either open or closed.  Table 1 below shows a set of possible tests 

that would be run.  

 

Table 1: Test Matrix    

Shower Run 

Time 

(minutes) 

Bathroom 

Door 

Exhaust 

Fan 

5 Open On 

5 Closed Off 

5 Open  Off  

5 Closed On 

10 Open On 

10 Closed Off 

10 Open  Off  

10 Closed On 

15 Open On 

15 Closed Off 

15 Open  Off  

15 Closed On 

20 Open On 

20 Closed Off 

20 Open  Off  

20 Closed On 

 

 

After the temperature and humidity data is collected for each test, the condensate calculator 

from SAWS will be used to see how much condensate production is predicted.  The next step 

will be to determine what factors do not affect how much condensate is collected from the room.  

For instance, having the bathroom door open verses closed might not significantly change the 

amount of condensate generated.  The last step will be to use this data to determine correction 

factors for the condensate calculations to account for this extra moisture in the air.  Alternately, 

the data could show that these condensate amounts are negligible compared to condensate 

collection from the much larger building air handling units.        
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3.4 Data Collection Measurement Testing 

While small errors in measurements may not make a large difference in the condensate 

generation calculations over short time periods, the errors can grow significantly with 

propagation to longer lengths of time.  For example, according to the calculator provided by 

SAWS, with a system operating at 3.5 tons and 25% outside air, a one degree difference in the 

measured temperature of outside air results in approximately a 0.8 difference in gallons produced 

per day.  This is 24 gallon difference over the course of a month.  In a five ton system operating 

at 30% outside air, this is a 42 gallon difference.  Being able to verify that the measurements 

taken on the system are accurate is pertinent to the task of evaluating the calculator.  More 

information on the SAWS condensate calculator is found in Appendix D. 

3.4.1 Measurement Testing Plan 

To verify the temperature and humidity measurements taken by Drury’s automatic system, 

an external data logger will be used.  The proposed data logger is an Omega OM-DLTH that is 

capable of storing up to 8,000 temperature and humidity measurements (5).  To program and 

read the measurements, the data logger will be synchronized with a computer (5).  It has a 

temperature accuracy of ± 2 °F (±1 °C) and resolution of 0.1 °F, with a humidity accuracy of ± 2 

% and resolution of 0.1 % (5).   

Once the data loggers have been properly programmed, they will be placed inside two of 

the Drury’s HVAC intake and exhaust airflows.  They will be left to record data for two days, 

collecting data every minute.  Once the data has been collected, the data will be uploaded onto a 

computer and compared to the data sent from the Drury system.   For the system data to be 

considered accurate it must fit within the accuracy range of the Omega data logger.   

The next variable that must be verified with respect to the Drury system data is the 

percentage of outside air.  To accomplish this task, an indoor air quality monitor such as the TSI 

Q-Trak 7565 will be used.  One reason the TSI is an ideal choice for use as a verification tool is 

the accuracy with which it reads the carbon dioxide, ± 3 %, and the temperature, ± 1 °F (±0.6 °C) 

(4).  It works by taking three carbon dioxide or temperature measurements at predetermined 

locations (4).  Since the device must be moved in order to take the proper measurements at three 

different prediction locations, it is not possible to take continuous data.  Instead, over a two-day 

period, 20 sets of these measurements will be taken. The results will then be compared to Drury 
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system data, and as long as it is within the accuracy range of the Drury system, the air quality 

monitor will be declared accurate.  The reason the air quality monitor percentage of outside air 

will be used to verify calculation instead of the Drury system measurement is that it is more 

accurate.  The percentage of outside air is an important measurement for the reason that it helps 

determine how much moisture is present in the air.   

 The last measurement that must be verified is the rate at which condensate is collected.  

An ultrasonic non-contact level switch, the EchoPod, will be used to verify the flow meter 

measurements, because of the EchoPod’s level of accuracy and ability to log data (7).  By using 

this ultrasonic sensor, continuous tank level monitoring will be accomplished.  Unlike the other 

data verification methods, this one will remain in use the entire time that data is being collected.  

This will not only allow for verification of the flow meter, by comparing its collection amount to 

the flow meters recorded amount, but it will also help with more accurate condensate production 

monitoring and evaluation or development of a prediction model.  This can be better explained 

by looking at  Figure 3 and Eq. 1 

 

 

 

 Figure 3: Relationship of Condensate In and Out 

Sa = Surface area of Water in 

Basin 

F1 = Condensate flow into basin 

F2 = Flow read by digital flow meter 

V = Volume of Water in Tank 

h 
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              (1)  

 

By using both the flow meter and EchoPod, it will be possible to gather continuous data for the 

volume of condensate entering the basin, whether the pump is running or not. 

3.4.2 Measurement Testing Status 

Unfortunately, the measurement testing plan has yet to be implemented.  The main reason 

is that none of the required system components have been ordered.   

3.5 How the Condensate Calculator will be Verified 

The condensate volume and condition data collected from the various sources will be used 

to qualify the condensate calculator.  The condition data is the input temperature, input humidity, 

output temperature, output humidity and tonnage.  The various sources of condensate where data 

will be collected are the individual room units and the large air handlers.  Data sets will be 

plugged into the calculator, and the corresponding condensate production data will be compared 

to the calculated value. This will either verify the calculator’s operation or challenge its 

accuracy. If the values do not correspond, a new mathematical model for the condensate 

production with respect to the relevant variables will be developed, possibly with the help of a 

program like Minitab. 

The decision was made to use a regression model as opposed to correlation.   The use of a 

correlation model is inappropriate, because it makes no prior assumption as to whether one 

variable is dependent on the others (1).  It tests for the interdependence of the variables, and it is 

not concerned with the nature of the relationship between the variables.   It simply estimates the 

degree of association between the variables.  It is clear that for our application, regression is 

more suitable because there is a clear one-way causal effect.  It is intuitively apparent that the 

amount of condensate generated is directly dependent on the other measured variables, such as 

interior relative humidity. There are a variety of regression models that can be used in analyzing 

data.  Selection of the correct model is based upon the attributes of the data.   

Once data has been collected, the first step will be to examine the data and analyze it for any 

measurement error.  In a controlled experiment, this step is much more rigorous because it is the 
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 F igure 3: Relationship of Condensate In and Out 

)*( )                                     (1)  

 

By using both the flow meter and EchoPod, it will be possible to gather continuous data for the 

volume of condensate entering the basin, whether the pump is running or not. 

3.4.2 Measurement T esting Status 

Unfortunately, the measurement testing plan has yet to be implemented.  The main reason 

is that none of the required system components have been ordered.   

3.5 How the Condensate Calculator will be Verified 

The condensate volume and condition data collected from the various sources will be used 

to qualify the condensate calculator.  The condition data is the input temperature, input humidity, 

output temperature, output humidity and tonnage.  The various sources of condensate where data 

will be collected are the individual room units and the large air handlers.  Data sets will be 

plugged into the calculator, and the corresponding condensate production data will be compared 

!"# !$%# &'(&)('!%*# +'()%,# -$./# 0.((# %.!$%1# +%1.23# !$%# &'(&)('!"14/# operation or challenge its 

accuracy. If the values do not correspond, a new mathematical model for the condensate 

production with respect to the relevant variables will be developed, possibly with the help of a 

program like Minitab. 

The decision was made to use a regression model as opposed to correlation.   The use of a 

correlation model is inappropriate, because it makes no prior assumption as to whether one 

variable is dependent on the others (1).  It tests for the interdependence of the variables, and it is 

not concerned with the nature of the relationship between the variables.   It simply estimates the 

degree of association between the variables.  It is clear that for our application, regression is 

more suitable because there is a clear one-way causal effect.  It is intuitively apparent that the 

amount of condensate generated is directly dependent on the other measured variables, such as 

interior relative humidity. There are a variety of regression models that can be used in analyzing 

data.  Selection of the correct model is based upon the attributes of the data.   
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designer’s responsibility to purposefully manage the independent or predictor variables (2).  In 

our case, we do not have control of the predictor variables.  Nevertheless, we need to check for 

any extreme outliers, data points that do not follow any initially apparent trends.  The group can 

do this by making separate scatter plots of the response variable (i.e., amount of condensate 

collected) verses each predictor variable.   If extreme outliers exist, there is some justification for 

removing them from the data before attempting regression analysis (2).  However, there must be 

very strong evidence that the data is unreliable.  If data does not seem to follow any trend, data 

collection may need to be redone. 

 The next step is to filter the predictor variables.  All of the measured predictor variables 

may not be needed to create the most accurate regression model.  Omission of one or more 

variables may actually lead to a more accurate model (1).  Having too many predictor variables 

is often the cause of what is known as an over-fitted model.  An over-fitted model has larger 

variances, which is a very undesirable trait for our project.  An over-fitted model can also worsen 

the predictability of the model.  Although many different diagnostics can be used, such as d-fits 

and Cook’s distance, we have decided to utilize a best subset regression, a convenient yet 

powerful Minitab diagnostic (2).   This method involves investigating all of the models created 

from all possible combinations of predictor variables. It compares the coefficient of 

determination, R2, to find the most accurate model.  R2 is a statistical measure of how precisely 

the regression line approximates the measured data points.  An R
2 of 1.0 indicates that the 

regression line perfectly fits the data (3).  Minitab first checks all models that have only one 

predictor variable included, and the two models with the highest R2 are selected.  Next, all 

models that have only two predictor variables are checked; the two models with the highest R2 

are again chosen (2).  This process continues until every possible combination of predictor 

variables has been taken into account.  Once this analysis is completed, the model with the 

highest R2
 is chosen for the final analysis. 

Once the number of predictor variables is filtered down, an optimal regression model will be 

selected.  The only way to do this is via trial and error.  The data will be entered into a Minitab 

worksheet and multiple regression models will be created.  The models that will be used are: 

multiple linear regression, multiple polynomial regression, multiple nonlinear regression, fitted 

line regression, and a stepwise regression (2).  The optimal case will be selected based on R2, 

mean squared error, normality plots, and residual plots.    An optimal model will have the highest 
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R2 value, the lowest mean squared error, a normality plot that best fits a bell-shaped curve, and 

the residual plot with the most consistent random errors. 

The final regression model will generate an equation relating the dependent value 

(condensate generated) to the relevant predictor values.  A wide variety of inputs will be entered 

into this equation generating a range of predicted values.  The exact same input values will also 

be entered into the SAWS calculator.  The two sets of predictions will be analyzed to gauge the 

accuracy of the SAWS calculator. 
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4 Results 

 In an attempt to verify the SAWS condensate calculator, the Condensate Collection 

Group tried to find other data sources.  The reasoning behind this decision was that we wanted 

additional data besides that from the two hotels to prove the accuracy of the SAWS calculator.  

In San Antonio, Sea World is currently collecting condensate from three of its building.  This 

seemed like a great data source because each of the buildings is different from the others and 

from the system at either Drury hotel.  However, upon further evaluation of the data from Sea 

World, it was discovered that they were not recording the type of information that would be 

required to verify the SAWS calculator.  This was most unfortunate for the group, because data 

collection never happened at either of the Drury hotel locations.         

4.1 Sea World Data 

 Currently Sea World has three condensate collection systems setup at their San Antonio 

locations.  Each of the systems is independent of each other and stores it own condensate.  The 

first system is a 170 ton system located at the Game Center.  This location is different than the 

other two at Sea World because its doors are constantly open to the outside.  The next condensate 

collection system is located at the Voyagers building and is a smaller system at 95 tons. The last 

condensate collection system is at the Sea Star Restaurant.  All three systems operate with an 

intake of 100% outside air. 

4.2 Problems with Data  

 There were many problems trying to use the data from Sea World to verify the 

condensate prediction calculator from SAWS.  First off, Sea World did not know the percentages 

of humidity leaving the air handlers or temperatures at any of the three locations.  For this reason 

it was estimated that the temperature was most likely around 54, because the industry standard is 

to have it 20 degrees below the building set point.  As for the humidity, we assumed an average 

humidity leaving the air handler to be about 30%.  This assumption was made after talking to air 

condition companies in the San Antonio area.  In addition, they were not recording the input 

conditions into the air handlers.  However, this was not as much of a problem because we were 

able to get this data from www.wunderground.com.     
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 Nevertheless, the biggest problem with the data we received from Sea World was that it 

was not clear what the numbers represented.  It was originally thought that it was a daily reading 

of how much condensate was collected; however, this was not the case.  At Sea World they have 

massive storage tanks that are able to hold condensate for several days at a time.  Furthermore, 

they are not constantly taking water from the tanks, but only when the water is needed.  For 

instance, they will use the condensate water to fill a fountain or for some irrigation.   

 One reason this is a problem is that it is impossible for us to know how much water was 

collected every day.  Since they are pulling out water randomly, it is not known how much was 

produced at that day’s average temperature and humidity.  Even on the days that they do pull out 

condensate water, it is not known if it is all of the condensate in the tank or just a portion.  This is 

significant because it negates the possibility of a prediction being made over a longer time span.  

For example, it is not possible to average the data over the time since the last withdrawal of 

condensate.  If it were possible, then a prediction could be made by knowing that they gather so 

much condensate at certain conditions.  Since it is not known how much condensate was left, if 

any, a reasonable prediction is not possible. 

 



Page 16 

 

5 Conclusions and Recommendations 

 Evaluation of project goals upon the completion of the project reveals that the 

Condensate Collection Group has had much success, but also some failures.  For instance, the 

final condensate collection system design and SAWS calculator verification plan together were 

under budget.  In addition, the design system meets all the constraints and criteria set forth in the 

beginning of the project.  However, one of the biggest failures was not having the condensate 

collection system at the airport installed yet.  In addition, the SAWS calculator verification plan 

never was able to be completed.  Even with these failures the Condensate Collection Group 

learned a lot in the field of condensate recovery and gained a understanding of how it is to work 

as an engineer after graduation. 

5.1 Budget 

Included in the budget is a $5000 BTU meter.  However, the use of this meter is not 

described in the report.  The meter was ordered to attain an accurate measurement of the active 

tonnage of the chiller.  The original plan to verify the SAWS calculator called for this tonnage 

measurement to be one of the direct input variables into the calculator.  However, upon 

discovery of the details of the system, it became evident that the use of this meter output is not 

suitable as an input variable. The assumption made by the calculator is that 1 ton of air 

conditioning is equivalent to 350 ft^3/minute.  This assumption is valid for ascertaining an 

estimated flow rate of an air handling unit from the manufacture’s specification for tonnage.  

However the load on the chiller represents the combination of the sensible and latent heat load of 

the entire system.  Without knowing the proportion of the chiller that is dedicated to latent heat it 

is impossible to relate the tonnage of the chiller to the amount of condensate produced. 

As mentioned in the introduction our group received $20,000 for SAWS in addition to the 

$1,200 from Trinity University.  The money from Trinity was only used to pay for a few small 

items, such as parking fees downtown and adapters for data collection efforts last semester.  The 

group planned to use the rest of the money to pay for incidentals during the testing stage of the 

project.  This would allow the group to order what was needed faster, because it would not 

require going thru SAWS or Drury first for reimbursement.  The total amount of Trinity’s budget 
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used was $33.98 which left $1166.02.  The only expense left for Trinity to pay for is the printing 

cost of the final report.  This cost is conservatively estimated at $50.   

SAWS is paying for the system and data collection that have been referred to in this report.  

The total cost to SAWS will be around $17,013 which will leave $2,987.  The reason why this is 

not the final cost is that Drury is still ordering parts, and if they do not cost the same as what we 

estimated, then it will change the final amount.  In addition, the cost of labor included in the 

budget is only an estimate.  To finalize this cost, we would need to know who the Drury wants to 

use as a contractor.  A budget break down can be found in appendix A.   

5.2 Project Objectives 

Though the system that has been designed has not been installed and tested, and the data 

analysis methods have not been executed, the plan that has been developed seems to meet the 

criteria set forth at the beginning of the project.  The design accomplishes the objectives of the 

system while operating within the constraints of the project and maintaining the level of quality 

that is desired. The constraints to which the design has been tailored include its ability to operate 

within the specs of the Drury Hotel air conditioning system, including the volume of condensate 

that it can support and the distances that the condensate must be transported, as well as the 

accuracy with which measurements must be made for condensate prediction models.  As 

designed, the system seems to accomplish these goals.  Beyond these objectives, the quality of 

our design plans have been evaluated with respect to the criteria of cost effectiveness, safety, 

aesthetic value, durability, extent of maintenance, and ease of operation.  The design meets 

expectations for all of these criteria. 

5.3 Recommendations for Future Systems 

 Upon completion of the project the Condensate Collection Group has some 

recommendations for future work.  These recommendations focus both on the physical system 

itself along with SAWS calculator verification.  It also includes explanations of some 

conservation advantages of using the condensate in the building cooling towers, instead of for 

irrigation. 
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5.3.1 Insulation of Pipes 

A typical use for A/C condensate runoff is for irrigation purposes.  One unique aspect of our 

project is that the collected water will be used as make-up water in the facility’s cooling tower.  

This is beneficial because in addition to conserving water and saving the company from spending 

money on city water, it saves energy.  The condensate comes off the air conditioning units at 

cool temperatures.  Directing this water to the cooling towers in the place of city water, which is 

at higher temperatures, reduces the temperature of the water in the cooling system and the 

amount of energy used by the tower.  To further improve the condensate collection system with 

regards to this energy saving aspect of the design, we recommend that insulation of the water be 

considered more heavily in the design of piping and storage units. 

5.3.2 Mineral Content of Condensate Water 

 Another advantage of using condensate as make-up water to the cooling tower system is 

the lower mineral content of the water as compared to that of the city water.  Build up of 

minerals in a cooling tower system from input water sources and from processes in the tower 

necessitate the draw-off of water from the system.  Coupled with the input of fresh water, this 

prevents the mineral contents from growing too large.  Since condensate has lower mineral 

content than water from city pipes, its use may reduce the amount of draw-off necessary, and 

thus reduce the amount of make-up needed, further lowering the water usage.  We recommend 

that the mineral content of the condensate be studied further along with its effect on the required 

water consumption of the cooling tower system. 

5.3.3 Professional Air Balancer 

Another way to ascertain the percentage of outside air and system tonnage in addition to 

those methods mentioned in Section 3.4 is to hire a professional air balancer.  A professional air 

balancer would be able to give the most accurate prediction of how much outside air each air 

handler is taking in along with its tonnage.  The main reason our design group did not use this 

method was the cost.  It was estimated that it would cost around $1,800 for the Drury Plaza 

Hotel, located downtown, and about the same for the Drury Hotel located at the airport.  This 

would put us over budget.  However, the accuracy that would come from this method might be 

worth it to SAWS for future data collection.  
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A Budget 

   

 

 

 

 

 

 

 

Figure A-1: Final Budget 
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B Bill of Mater ials & L ist of Vendors 

Table B-1: L ist of Vendors Used 
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Table B-2: Bill of M aterials 

 



Page C-1 

C Gantt Chart 

 

Figure C-1: Gantt Chart from First Semester 
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Figure C-2: Gnatt Chart from Second Semester 
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D SAWS Condensate Calculator  

 

Figure D-1: SAWS Condensate Prediction Calculator (9) 

 

Conversion Factors:  

1 lb of Water = 7,000 Grains of Moisture (8) 

1 Gallon of Water weights 8.33 Pounds (8) 

 

The equations for gallons per minute of condensate is: 
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Figure D-2 below was used to develop the specific humidity equation used in the SAWS 

calculator.  

 

 

Figure D-2: Relationship Between Temperature and Grains of Moisture in the Air (9) 

 

 

The specific humidity equation in the SAWS calculator is: 

 

 

 

y = 0.0033x2 - 0.1823x + 4.703 
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E Other Sources of Error  

 

Figure E-1: Sources and Amounts of Extra Moisture in the Air (6)
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F System Schematic 

The red line in the picture represents where the pipes would be laid.  The only different between 

this picture and what will actually happen is the pipes will be hidden behind the bushes and 

underneath the building.   

 

 

 

Figure F-1:  Pipe Carrying Condensate Water to Cooling Tower 
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Figure F-2:  Pipe Carrying Condensate Water to Cooling Tower 

 

 

 

Figure F-3:  Pipe Carrying Condensate Water to Cooling Tower 
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Figure F-4:  Pipe Carrying Condensate Water to Cooling Tower, Location Second Floor of 

Parking Garage 

 

 

Figure F-5:  Pipe Carrying Condensate Water at the Cooling Tower
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G Design Package 
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