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ABSTRACT

The enclosed report addresses the possibilitytegmting a synthetic roach sex
pheromone into an existing trapping mechanism dalyce a superior roach control
product. This new product would be an off the Shednd designed for private
homeowners, and should be competitive with theeniinmarket leader, Maxforce.

It was decided to market this product in a gel foat combines the pheromone
blattellaquinone and maltose as the attractaqoriil as the active insecticide, and
carrageenan as the gel matrix. The southwesteited)8tates (TX, OK, KS, NV, AZ,
NM, CA, UT, CO) is the target distribution area.

Utility functions were created to assess the necgsharacteristics of the new product
from a consumer standpoint. Four characterisfiteenew product were rated by ten
consumers through the distribution of surveys. fbue characteristics were: durability,
speed, odor, and toxicity. Each of these charatites were then linked to an adjustable
component of the new product such that shiftingcbraposition of the product altered
consumer satisfaction ratings accordingly.

The resulting utility functions were then used ambination with an economics based
pricing model correlation to analyze how produanpaosition affects supply and
demand.

Maximizing the utility functions under reasonabtmstraints led to a product
composition of 10mg/tube of fipronil, 0.02mg/tubiebtattellaquinone, and
15000mg/tube maltose. These compositions corresfma selling price for the new
product of $6/unit along with an expected demang,500,000 units. At this selling
price and demand the estimated NPV after 10 yeassoalculated to be $90,000,000.
The FCIl and TCl are $1,800,000 and $2,200,000 otispéy.

A more optimal solution was pursued with the uatian of risk and uncertainty, but this
attempt proved unsuccessful. In the future, thenae will be pursued thoroughly in an
attempt to more confidently select a product comjmos The unsuccessful attempts at
incorporating risk are included in the report appees.

Future work centers heavily on pursuing a morenogitisolution using risk and
uncertainty. In addition, the results of the titilunctions depend heavily on the
population model. To this end it would be advisail make the model as accurate as
possible for future calculations. Also, more aeterestimates are needed for the total
revenue available in this narrow market becausestienated profit per year for this new
product seems uncharacteristically large.
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INTRODUCTION

Cockroaches are one of the major sources of imsistations in homes and businesses.
Of the approximately 4000 known species of cockneacthe most commoniBattella
germanica, or the German cockroath Approximately 1.9cm long, the small size of the
German cockroach allows it to easily hide in cresiand walls, making detection and
extermination difficult. Infestations can escale® serious problems quickly; a single
German cockroach can produce up to 300,000 roache year.

Eliminating roaches is very important, as they pmseajor health risk. Roaches travel
about and eat any waste, including human and arienet. This means they can easily
transmit disease with viruses and bacteria. It t#deast 100 species of bacteria have
been isolated from cockroaches, suclSamonella, E. coli, andShigella’®.

Furthermore, roaches can carry house dust mitegenia aggravators of asthrifa

Because of this dangerous health hazard, it isratipe to develop new techniques to
challenge the roach problem. In February of 2@5Wendell L. Roelofs and his team
published groundbreaking research. Using advaaoddnodified chromatographic
techniques, the volatile sex pheromone of Germakroaches was isolated and
successfully synthesizEd Termed “blattellaquinone”, this discovery provese a

powerful attractant for male German roacfes
OBJECTIVE

It is proposed that by incorporating blattellaquiaanto a roach trap, an effective method
for quelling roach infestations is possible. Tiisject seeks to develop such a device.
The scope of this research will encompass the ceitipo of the new product, the design
of the process plant needed for efficient produngtamnd the economics to make such a

product profitable as well as competitive in thaaio bait market.



PHEROMONE SYNTHESIS

The female sex pheromone fliatella Germanica was isolated by a group of researchers
at Cornell University. This pheromone was a cmgléefor researchers to isolate because
of the small amounts actually secreted by the fepraald the substantial thermal
instability of the pheromone itself. It was sdfidifilt that many experts doubted its

existence.

The final successful isolation procedure utilizeglesal different chromatographic and
separation techniques. Gas-chromatographic eleteonogram detection (GC-EAD),
Silica Gel Separation, Nuclear Magnetic Resonarwa&tterization, High Performance
Liquid Chromatography, and Gas-chromatograph Magstfometry were a few of the

techniques employed.

The artificially synthesized pheromone is very piging as an attractant. In field tests at
a roach infested pig farm 10-1@§of pheromone trapped 10-30 cockroaches per night.
In lab tests 10-100ng attracted 60% of the males.
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Figure 1: Blattellaquinone™



PRODUCT DESIGN

There were several possible choices on how toagaton the synthesis of
blattellaquinone. Products that claim to eliminatach infestations come in aerosol,
granular, bait station, bait gel, and homemadeibydgparatus forms. Obviously, each
supplier claims that his/her method for trappingatees is superior to all the others.
From the research the research conducted it wadedkethat a roach bait gel was the
optimal delivery vector for the poison and pheromoi roach bait gel would maximize

effectiveness without having the downsides of ttieiotypes of bait.

Aerosol insecticides are great for making peopé lbetter but are not that effective
against roach infestations. This is because aksroaa only kill the roaches that are not
hidden very well, so that all the roaches insidewialls get away. Thus, the infestation
is back in full force fairly quickly. Granular roa baits would be a good choice, but they
can not be eaten by the roach nymphs. And sireehes reproduce like crazy, for large
infestations a substantial portion of the roachypaion can not take the bait, creating an
incomplete extermination. Bait stations are openaly the best but they have
drawbacks in that they are hazards to childrenpmtsl. Thus, bait stations have to be

placed very carefully creating hassle for consumers

This leaves only the bait gels. Bait gels canfy@iad to cracks and crevices, nymphs
can eat them, and they can be placed anywhere abtisumer’s discretion. Combining
an insecticide with the bait gels makes them asiefit at removing infestations as any

other method.

The active insecticide chosen for application i thach bait gel is fipronil. Fipronil is
part of a newer class of poisons that tends takilie slowly than typical insecticides.
This is a desirable quality in an insecticide téegeowards roaches because many other
roach poisons tend to kill too quickly. This doed give the poison a chance to
thoroughly spread through the population. Fiprbas a delayed effect, allowing

roaches who are infected to pass it on to otherthemin the colony.



Blattellaquinone is the prototype aspect of the pesduct that will hopefully increase its
effectiveness. Being a sex pheromone, the additidrattellaquinone to a roach bait gel
should theoretically increase the amount of matigaced to the bait. For this reason the
pheromone can not be the only attractant usedheoiemales and nymphs will never
approach it. In addition to the sex pheromoneaaditional sugar based bait attractant is
used. Maltose is used so that the new producttaiasithe standard attractive power

across the range of cockroach types.

Carrageenan gel is the last main component ofribéuct. This gel is the matrix which
holds all the other components. This gellantse@aveed extract that is cheap and easy to

acquire.

MARKET SELECTION

The target area for the new product will be thetlseestern United States. These are the
states of: Californian, Nevada, Utah, Arizona, Cattw, New Mexico, Kansas,

Oklahoma, and Texas.

Figure 2: Target Area®



In addition to this, the new product will be an tifé shelf roach bait gel for use in home
infestations. Theoretically, it should also wook fnassive infestations of businesses, but

this option has not been thoroughly explored.

UTILITY FUNCTIONS

Adequate design and pricing of a potential prodioigst take into account the consumers’
desires. To model consumer concerns and expeatsatidity functions are created. The
purpose of a utility function is to link importaptoduct attributes to quantitative physical
properties. To construct the necessary utilitycfioms consumer surveys were
distributed. These surveys were carefully craftech that they yielded information
necessary for the construction of tifgg function (beta function). Th function
represents consumer preference and its importanbe ioverall pricing model will be
explained in more depth latep. is represented as a ratio of preferences in whick the
consumer satisfaction for the new product ang $he consumer satisfaction for the
competitor’s product. The goal is to minimize tieta function by maximizing the

satisfaction for our product relative to that of aeain competitor (Maxforce).
L p=>
S,

The satisfaction function “S” is given by the follmg formula:
@  s=Xwy,

w; represents the weighting factor for an attribate] y represents the normalized score
of a given consumer attribute. For the consumeatehfmur attributes that affect the
product quality were chosen:

1) Durability- How long is it before the roach probleeturns?

2) Speed- How long does it take to reduce or elimitfaanfestation?

3) Odor- How badly does it smell?



4) Toxicity- How safe is it for people and pets?

This means that for any given product compositamila (2) has to be calculated 4
times, once for each attribute. The 4 resultstega summed to yield the 7Svalue in

formula (1).

The first question on the survey prompted consuntiterank these 4 attributes from most
important to least important in a roach killer puotl This information was used to

account for the fact that some attributes are nropmrtant than others.

1) Rank the following categories from most important “1” to least important “4” in a roach removal
product:
a. Durability (How long is it before the roach problem returns?)-2
b. Speed (How long does it take to reduce or eliminate the infestation?)-3
¢.  Odor (How badly does it smell?)-4
d. Toxicity (Is it safe for pets and people?)-1

Some additional steps had to be taken in ordeotoert these consumer rankings into a
useable format. The problem is that in order ®thss information to find the “w”
values in the preference function (formula 2), heembers have to be converted into
weight fractions. The following equation is usedatcomplish this.

w=—_ "
1+2+3+4

(3)
“n” can equal 1, 2, 3, or 4 which correspond tosilnle weight fractions of 0.1, 0.2, 0.3,
or 0.4 respectively (1/10, 2/10, 3/10, 4/10). Giveese 4 choices of weight fractions it is
clear that 0.4 is the heaviest weight and 0.1edightest. What is not clear is that these
weight fractions have an inverse correspondentieetconsumer rankings. This means
that if a consumer ranks toxicity as #1 (the mogiartant), this is not a weight fraction
of 0.1 like equation (3) would imply, but rathewaight fraction of 0.4. This can be
understood by examining the data conceptually. nibst important attribute should

have the most impact on the preference functiorordler to have the most impact an



attribute has to be weighted the heaviest out®#tiveights available (0.4). With this

logic, consumer rankings of 2, 3, and 4, corresgonaeight fractions of 0.3, 0.2, and

0.1. The last step of this process is to reahz¢ there were 10 consumer surveys; not

just one. This means that in order to find finaight fractions for each attribute’s

importance an average had to be taken across alil@ys. Table 1 shows the final

weight distributions for each attribute.
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Durability

2

10

Average weight

40%

10%

40%

20%

20%

10%

10%

10%

20%

10%

19%

Speed

20%

30%

30%

30%

30%

40%

40%

40%

30%

40%

33%

QOdor

10%

20%

10%

10%

10%

30%

30%

20%

10%

20%

17%

Toxicity

30%

40%

20%

40%

40%

20%

20%

30%

40%

30%

31%

Table 1: Weight Percents

From the table it can be seen that the consumdiesddelt that speed was the most
important aspect of a roach control product. Spgetbsely followed by toxicity. Thus,
when components are varied in the product the coes that affect speed and toxicity

will have the biggest impact on tRefunction.

Once the weight of each attribute (“w” value) isiial from the surveys it does not
change. The same can not be said for the “y” whezause they will vary with product
composition. The “y” in formula (2) is actuallyn@rmalized representation of consumer
happiness. As the product composition changeslsthe expected consumer
happiness. “Y” values are not fully described Haueare more thoroughly addressed in
the following subsections. The goal is to, basedhe data from the consumer surveys,
construct a relationship between quantitative arteoaha given component, and the
resulting normalized “y” value. In this way, chamgthe composition of the product will

affect the beta function.



DURABILITY

As stated above, durability is a measure of thgtlenf time it takes for your roach

problem to return. Below are examples of the typguestions that were asked on the

survey to begin modeling the durability utility fcton.

2) How satisfied would you be if the product permanently killed all the roaches the first time you used

it?

1

(not satisfied)

3) How satisfied would you be if the product killed enough roaches so that you didn’t see them

anymore, but you had to repeat the process every 3-6 months?

1

(not satisfied)

The results from a total of 10 surveys were talealand compiled to create the

following table:

5

5

(very satisfied)

(very satisfied)

DURABILITY

Permanent roach
death

Satisfaction Ratings per survey #

3

4

5

6

7

8

10

Average

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

3-6 month roach lull

60%

80%

60%

20%

60%

100%

60%

60%

100%

40%

64%

1 month roach
reprieve

0%

0%

0%

0%

0%

80%

40%

40%

40%

20%

22%

Table 2: Durability Information

It can be seen from the survey that mathematisplgaking a rating of “1” should

correspond to a 20% consumer satisfaction ratiagitlvas decided that a rating of “1”

should be normalized to 0% satisfaction while lag\wa rating of “5” at 100%. Table 1

illustrates the results of the raw data collectetidmes not illustrate the data actually

used to construct the utility function. A few mficitions had to be made to the data for

the purposes of implementation. The durabilityction actually depends on 3 different



parameters; the amounts of blattellaquinone, fijprand maltose. To account for this
multi-parameter dependence a complex populationefriuall to be created. The creation
and explanation of this population model is corgditater in the report; after which the
durability utility can be more fully explained. &Mfiollowing table graphically shows the

relationship between a given result and consumgpihass with that result.

Consumer Satisfaction % vs Result

100%
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% +

0%

Consumer Satisfaction

Parmanant Nea  3-6 month lul 1 month repriev
Result

Figure 3: Consumer Satisfaction versus Result

SPEED

Speed is the category that addresses how lonkeis far the consumer to see results.
This is very important because many people hawskiwids for how long they are
willing to wait for a result. The following is aaxample of question asked on the survey

in the speed category.

5) How satisfied would you be if the product eliminated your infestation in 24-48 hours?

1 2 3 4 5

(not satisfied) (very satisfied)



The survey tested people’s preferences in the pien@ds of 1-2 days, 3-4 days, 5-7
days, and 1-2 weeks. This delineation makes thenagtion that almost no one will be
happy if eliminating a roach problem takes morenthaveeks, and the data collected

confirms this.

The construction of this utility function is almadentical to the procedure used to
construct the durability function. Speed also aejseon maltose, fipronil, and
blattellaquinone. How speed contributes toHanction will also be left until after the
population model has been explained. The followaies show the initial data

collected in the speed category.

SPEED Satisfaction Ratings per survey # -
1 2 3 4 5 6 7 8 9 10 | Average

24-48hr elimination 100% | 100% | 80% | 80% | 100% | 100% | 100% | 100% | 100% | 80% 94%
3-4 day elimination 100% | 40% | 60% | 60% | 80% | 80% | 80% | 80% | 60% | 60% 70%
5-7 day elimination 80% 0% | 40% | 40% | 60% | 40% | 40% | 60% | 40% | 40% 44%
1-2 week elimination 60% 0% | 0% | 0% | 0% 0% 0% 0% 0% | 0% 6%
Table 3: Speed Survey Data

Consumer satisfaction vs. Result

100%
90% -+
80% -
70% -+
60% -+
50% A
40% -
30%
20% A
10% +

0%

R? = 0.9873

% Satisfaction

>

24-48 hr 3-4 day 5-7 day 1-2 week
Result

Figure 4: Satisfaction versus Result
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ODOR

Beyond sifting through the components of the nesdpct to determine which
components had a smell, constructing the odotyufilinction was straightforward.

There was no need to use the population modehteded to be constructed for the
durability and speed utilities. The roach bait cggh be simplified to 4 main components
which could contribute to the smell of the finabguct: the carrageenan gel matrix,
maltose, fipronil, and blattellaquinone. From miallesafety data sheets (MSDS'’s) it was
determined that carrageenan and maltose have cerdable smell, while fipronil has a
slight sweet odor. As far as can be determineddilaquinone does not have a smell,
but this is not a certainty given its new-foundissaas a mass market product. No smell
was reported during pilot scale tests, but a rdmshgel will be utilizing substantially
larger amounts. For calculation purposes the pheng was assumed to have no
discernible smell. This means that the only congmbthat affects the smell is the

fipronil.

The odor section of the survey changed the forth@fjuestions slightly. The difference
is that these questions were rated on a scale Trtworl0 instead of from 1 to 5. There
was no strategic reason for this change, othertiharperiment with possible increased

accuracy in the surveys.

9) How happy would you be if the product had a very slight, unpleasant or odd, odor?

1 2 3 4 5 6 7 8 9 10
(pissed) (neutral) (very happy)

Once again the data from 10 surveys were compitelchaeraged.

11



ODOR Satisfaction Ratings per survey # -
1 2 3 4 5 6 7 8 9 10 | Average
slight odor 40% | 50% | 80% | 50% | 50% | 40% | 50% | 80% | 50% | 50% 54%
odorless 100% | 100% | 100% | 100% | 100% | 80% | 100% | 100% | 100% | 90% 97%
moderate odor 20% 0% 30% | 50% | 30% | 30% | 30% | 40% | 30% | 40% 30%
overpowering stench 0% 0% 0% | 40% | 0% | 20% | 0% | 20% | 0% | 20% 10%
pleasant fragrance 40% | 40% | 90% | 100% | 60% | 100% | 90% | 60% | 70% | 50% 70%

Table 4: Odor Data

From the fipronil MSDS the following information waathered in regards to the

amounts of fipronil that produce a given reactiothe general population.

' - Fipronil Avg.
POISON (mg/tube) Satisfaction
slight odor 200 54%

odorless 0 97%
moderate odor 400 30%
overpowering stench 1000 10%

Table 5: Amount of Poison for a given Result

Graphing the results depicted in the two previaldes gives:

y =0.8623¢0:0022 Odor Utility
R?=0.9834

100%
X
S 80% I
5 \
©
% 60%
3
.. 40% -
()
= .
7  20%
c M
[e]
O o% : : : : :

0 200 400 600 800 1000
Fipronil (mg/tube)

1200

Figure 5: Odor Utility
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The exponential equation fit to the data points @sak possible to find a consumer

satisfaction percentage for any given input valiggpoonil.

TOXICITY

Toxicity is the most important aspect of the patmew product and depends only on

fipronil. Even though speed had a slightly higaeerage weight, consumers still rated

this attribute a very close second. This is theg@ry where the absolute maximum

allowable amounts of fipronil are set. A startwpnpany with any reasonable hopes of

succeeding can not afford killing people or petgreif the product kills all the roaches

too. So, to stay on the safe side at least arr ofdmagnitude less than anything

approaching a lethal dosage was used.

TOXICITY Satisfaction Ratings per survey #
1 2 3 4 5 6 7 8 9 10 | Average
slightly toxic 60% | 0% | 60% | 0% | 20% | 100% | 40% | 40% | 80% 20% 42%
moderately toxic 40% | 0% | 40% | 0% | 0% | 40% 20% 20% | 40% 0% 20%
extremely toxic 20% | 0% | 0% | 0% | 0% 0% 0% 0% 0% 0% 2%
non-toxic 80% | 80% | 80% | 80% | 80% | 100% | 100% | 100% | 100% | 100% 90%

Table 6: Toxicity data

To determine what amounts of fipronil corresponth®nebulous designations of

“slightly toxic”, “moderately toxic”, etc... extense&vLD50 information was analyzed.

An LD50 number is the lethal dosage to kill 50%adest population measured in units

of (mass of poison administered)/(unit mass ofgebjects). In all relevant LD50

articles regarding the toxicity of fipronil rats meeused as the test subjects. The

assumption was made that these numbers are acoepagsentations of human

responses as well. For a “slightly toxic desigmatia unit mass of 5 pounds was used.

In other words, the amount of fipronil necessarpiage a 50/50 chance of killing a

creature 5 pounds in weight was used. 15 poundsused for “moderately toxic” and

30 pounds was used for “extremely toxic”.

13



POISON Fipronil (mg/tube) Avg. Satisfaction
slightly toxic 13 42%
moderately toxic 32 20%
extremely toxic 68 2%
non-toxic 0 90%

Table 7: Fipronil Amt. for a Given Result

Fipronil vs Toxicity

100%

< L
% 80% - y = 0.9424g:0.0554
S R?2 =0.9918
2 60% -
©
»
o 40% - *
£
=}
@ 20% - .
3

0% . . . . . . —t

0 10 20 30 40 50 60 70 80

Fipronil (mg/tube)

Figure 6: Toxicity Utility

The toxicity function was fit to an exponentiaegjon. It should be noted that table 7
is in terms of mg/tube. This means that to evarelzachance of being fatal, something
close to 5 pounds would have to consume an entie of the roach bait gel.

Before the 4 utility functions can be combineditwifan optimunf function the

population model must be explained.

POPULATION MODEL

In order to efficiently design a roach bait prodube population dynamics of a roach
infestation must be known. Thus, a mathematicalehmust be derived as to predict

roach population behavior. With the model in pla@ious amounts of blattellaquinone,

14



maltose, and fipronil can be adjusted, revealimgetiects that each has on the roach

colony.
To begin the model, the basic equation for popoitathang® is applied.

dTotal P(;’tp“'a“"“ ={Birth Rate}-{Death Rate}

Equation 4: Change in Total Population

Simply stated, the change in a population is etputtie birth rate minus the death rate. If
the death rate is higher than the birth rate, ttyufation change is negative, and that

population will become extinct.

In any roach colony, the population consists oé¢helasses: adult males, adult females,
and babies (nymphs). Therefore, the total poprathange consists of three differential

equations.

#EggsLaid
Female[Time

dBabies
dt

= (#Femal e@( j(SexRatio) - km(Babi %)

Equation 5: Change in Nymphs (Babies)

The change in the amounts of babies in a colonglé&ed to the amount of births per
time and the maturation rate. The birth rate ésrtbmber of eggs laid per female per unit
time. This is multiplied by the number of femategyive the total eggs laid per
population. The sex ratio is the proportion of thenber of males to females. In the

event that the adult male population drops very, ilne number of births will decrease.

It is also assumed here that the moment an egddisit is considered part of the baby
population. The time it takes to hatch and maisirecluded in the maturation factor, or

15



km. The maturation factor is the rate at which aytaltures into an adult. Thus, as
soon as the baby matures into an adult, it is ngdoclassified as a baby. One last

assumption for this equation is that all babieshaaaturity.

Next, the change in the adult population is correide

dAdultMales km(BabieS)
dt 2

Equation 6: Change in Adult Males

- (Natural DethRate)(I\/IaI es)

dAdultFemales km(BabiGB)
dit 2

Equation 7: Change in Adult Females

- (Natural DeathRate)(Femal es)

The change in both adult populations is equal éontlaturation rate of the babies, minus
the natural death rate. It is assumed that fovengset of eggs, half will be male, and
half will be femalé®. The natural death rate is the rate at which théts die as a result
of old age, which is typically around 100 daysdoBerman cockroach

Applying these equations to Microsoft Excel andtsig with one adult male and one

adult female, the following graph is generated.

16



Population Growth
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Figure 7: Change in Roach Population with Time

While roach populations do grow exponentiallysinot likely that it will grow to
infinity. As with all populations, the roach colwill encounter limits, such as low food
supply and limited space. In order to have ancéffe model, these factors must be

incorporated.

The following are modifications to the growth eqoas:

d(AdultMales) _ km(Babies)
dt 2

- knaturaldeath (AdultMales) - kI.s\ck of food AdultMales - kcrowdingeffectsAdu'tMaleS

Equation 8: Change in Adult Male Population

17



d(AdultFemales) - km(Babies)

m > K aturaldeatn (AdultFemales) — K, o 100 AdUltFemales — km,Vvding afects AdUltFemales

Equation 9: Change in Adult Female Population

dBabies #EggsLaid

Female [Time

= (# Femal S)( lack of food crowding effects

)(SexRatio) -k _(Babies) - k Babies - k Babies
Equation 10: Change in Nymph Population

The first new term, il of fo0a IS the rate at which roaches die as a resultaovation.
Because starving roaches die after about 30'dae value of this constant is varied
until the roach population dies around 30 daysis ©ocurs once the food supply is
depleted. Thus, the model must also incorporét@a@ supply that diminishes as the
roach population increases. The following is anadign that describes the change in
food:

d(Food) _ K

- consumptionrate
dt P

* (TotalRoaches)

Equation 11: Change in Food

The constant dgnsumption ratlescribes how much food one roach will eat in dag.the
total amount of roaches in a colony increasesfdabe will decrease much faster.
Because roaches do not consume much, it is assilmaieone roach can eat

approximately 0.8mg per day.
The next constant clwding effects describes how each population will change duedk of

space. This is proportional to the carrying cayaai the environment. Therefore, this

constant is explained in the following:
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Total Roaches
Carrying Capacity

K =k

crowding effects —

Equation 12: Crowding Effects

As the population approaches the carrying capaitity,term becomes more significant.
The constant ‘K’ in the equation describes howahowill leave/die as a result of the
lack of space. This equation is similar to thedtig equation for population growth
This takes into account density effects, or theafbn population due to environmental

limits.

The modified equations are applied to Excel, r@sylin the following graph:

Population Dynamics

U
20000.000 4
0
o
§ 15000.000 4 — Total Fopulation
E — Adult Males
; — Adult Femalas
£ 10000.000 - —Tmphe
=
2

5000.000 4

OOOO T T T T T T T 1
0 a0 100 150 200 250 300 350 400

Time (days)

Figure 8: Total Population Dynamics
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This graph is much more reasonable. For the5bstays, the roaches are becoming
accustomed to the environment, but not growindpéar tfull potential. During the next
100 days, the roaches are fully utilizing the emwiment and breeding at their maximum
rate. By day 150, the population begins to reaelmhaximum capacity. This value is
approximately 20,000 roaches in this case, a reddemumber for a typical cockroach
infestatiort®. At the same time, roaches are continuing to.fégte change in food

supply is shown in the following graph:

Food Supply Dynamics

3000.000 -
£ 2500.000 -
o
£ 2000.000
©
o
S 1500.000 -
©
£ 1000.000
S
£ 500000
E }

0.000 ‘ ‘ ‘ ‘
0 100 200 300 400
Time (days)

Figure 9: Change in Food Supply

Around day 300, the food supply is completely gomberefore, the roach population

begins to starve and dies off around 30 days.

Adding Food

There is always the possibility that roaches vinitifadditional sources of food.
Therefore, the population model is designed suahrtiore food can be added for every

specified number of days. The following illustateow the user can adjust these

parameters:
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Population Model

Constants
Maturation rate
Matural death rate
Birth rate
Foaches eat "' grams/day of Food
Foaches contact ' grams/day of Bait

User Inputs
Add poison on Day
Initial Food Supply (grams)
Add maore food every %' days
How many grarms of food to add?
Maximum Population

Figure 10: Example of User Inputs

0.016666557
0.0
1.142857147
0.0008"
0.005

1000
2000
30

30
20000

By adjusting the amount of food added, the effeatshe roach population can be

observed. The following chart depicts the effdcading various amounts of food every

30 days:

Total Roaches

Population Dynamics: Add Various Amounts of Food Every 30 Days

20000,000 4

15000.000 -
—30g

10000.000 | —5g
— No Additional Food

5000.000 -

0.000 , : : : L\/\/\— :
0 50 100 150 200 250 300 350 400

Time (days)

Figure 11: Adding Food Every 30 Days
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It is clear that by adding more food, the populatian be sustained for a greater amount
of time. However, not adding enough food willlgtill off a good portion of the colony.
The spikes in the graph indicate that adding smatements of food will allow the roach

population to grow slightly, but not enough to caasmajor infestation.

Adding Poison to Model

With the core of the population model in place, ¢fffects of the gel bait can now be
included. The population is divided into threesskes: noninfected, infected, and
secondary infected. The noninfected roaches areotiches having no contact with the
poison. They grow and die at their natural rati timy are attracted to the gel. Once
the roaches contact the bait, they are classiBadfacted roaches, dying at a rate
proportional to the amount of poison. The finalsd deals with secondary infection. A
noninfected roach can come into contact with aeadt&d roach, whether it occurs
through social interactions or cannibalfsin The poison transferred is still lethal, but the

dosage will kill at a lower rate.

For simplicity, the nomenclature of each roachgiashanged, as represented by the

following table:
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NonInfected Infected [Secondary Infected

Adult Males | Adult Males Adult Males
(NIM) (IM) (SIM)

Adult FemalesAdult Females Adult Females

(NIF) (IF) (SIF)
Babies Babies Babies
(NIB) (IB) (SIB)

Table 8: Change in Nomenclature

The population change must now be described with different equations.

Nonlnfected Roaches

The first set of equations describes the changfeemoninfected roaches. Using the
same equation as described earlier with the mabif@nenclature, three more terms are
added.

d(NIM) _ km(NIB) _,
a2

naturaldeath (NIM) - kIack of food NIM — kcrowdingeffectsNI M

Infected . j
TotalRoaches

_kpheromoneN”vI _kmaltoseNIM _ksechM(

Equation 13: Change in Noninfected Adult Males

The variable, fheromone IS the infection rate at which the male roachresadtracted to the
pheromone. This value is proportional to the catregion of the blattellaquinone used
in the bait. The next termykiose iS the rate at which the males are attractetdo t
maltose. This value is proportional to the coneidn of maltose. The final termgek

is the rate at which male roaches are contamiratedeans of secondary infection. This
term depends on the ratio of total infected roa¢besd! the roaches in the colony. In
other words, if there are a greater number of tefcoaches, the chance of secondary

infection increases.
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These new terms are applied to the adult femalébabg populations as well. The only

difference is that neither population is attradiethe pheromone.

d(NIF) _ km(NIB) _
a2

knaturaldeath ( NI F) - kIack of food NIF - kcrowding effects NIF

| nfected,
~KiraitoseNIF = Koo NIF ot
meltose se¢ (Total Roaches]

Equation 14: Change in Noninfected Adult Females

d(NIB) _

. Keirth rate (NI F ) (SeXRai 0) = KM(NIB) = Kiagyof 1000 NIB ~ K NIB

crowding effects

I I’“ceCtEdTotal j

-k NIB - NIB
altose e (Total Roaches

Equation 15: Change in Noninfected Adult Nymphs

To determine how many roaches are attracted tgeheapproximations are made from

research articles.

The attractive power of blattellaquinone is desiin the following figures:
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Attraction to Blattellaguinone
Lab Amount
(Mg) %Males | Scaled Up Amount (ug)
1.00E-05 20 0.0125
1.00E-04 22 0.125
1.00E-03 41 1.25
1.00E-02 62 12.5

Table 9: Blattellaquinone Attraction

Fraction of Males Attracted to Blattellaquinone
0.7 -
0.6 - —
0.5 -
0
% 0.4
S 03 y = 0.0864Ln(x) + 0.3977
S 2 -
0.2 4 R 0.9996
0.1 -
0 > T T T T T T 1
0 2 4 6 8 10 12 14
ug

Figure 12: Percent Males Attracted to Various Concetrations of Pheromone

This trend was used to approximate the attractovegp of blattellaquinone based on
concentration. From table 9, increasing the cotma@an of blattellaquinone attracted
more male roaches. Because this was in a laimgetith about 16 male roaches, such
small amounts of pheromone may not have the safeet @i a real infestation.
Therefore, a simple proportion was set up, progdin estimate of the amount of
pheromone to attract a colony of about 20,000 reachrurthermore, according to the
Cornell University research, the percent of matéseted to the pheromone never

exceeded 60%. Thus, the trend is set up to nétracemore than 60% males.

The attractive power of maltose is presented irfahewing figures:
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Maltose
Grams Y%Attr
7 15
20 32
50 45

Table 10: Attraction to Maltose

Attraction to Maltose

50 -
©
2 40 -
S 30 y=15281Ln(x) - 14.431
< R?=0.9986
€ 20 A
S
5 10 4
o

0 T T T T T 1

0 10 20 30 40 50 60
Amount (grams)

Figure 13: Attractive Power of Maltose

Research is slightly unclear as to the attractweqy of maltose. While the roaches are
attracted to this simple sudathe effect of concentrations is slightly uncle@herefore,
by including more sugar in the bait and assumirgoidt will easily accessible to the

roaches, it is assumed that more foraging roaclhiebenattracted.

Infected Roaches

As soon as the roaches come into contact with aitethey are classified as infected.

The following equations describe the change incief@ roaches per time:
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diM
—:(k NIM)+(k NIM)—(k. : II\/I)
dt pher maltose fipronil

Equation 16: Change in Infected Males

diF
—:(k NIF)—(k. : IF)
dt maltose fipronil

Equation 17: Change in Infected Females

diB
—=(k NIB)—(k : : IB)
dt maltose fipronil

Equation 18: Change in Infected Babies

As stated earlier,pgkeromone@nd Knaosedescribe the attractive power of the pheromone and
maltose, respectively. The new ternpdsi, is the death rate of the roaches proportional

to the concentration of fipronil in the bait. Ttheath rates based on concentration are
related in the following figures:

Fipronil

ppm % Mortality in 24 Hours
0 0
500 63
1000 87

Table 11: Death Rates Based on Poison
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Death Rates from Fipronil Concentration
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Figure 14: Death Rates Related to Poison

Secondary Infected Roaches

Fipronil is a useful poison in that it can sprelacbtighout the colony. Infected roaches
can contaminate noninfected roaches through drffereechanisms, such as social
interactions, dragging the poison with them todbkny, and through cannibalism.

Thus, secondary infection of the roaches can deéivethal dosage of the poison, but at a
lower concentration and slower death rate. Thiewiohg equations describe the change
in secondary infected roaches in the colony:

dsIm | nfected

= Total |_|
i KsedMM)| ToaiRoaches |~ fpronit sed SM)

Equation 19: Change in Secondary Infected Males

dSF I nfected
=k__(NIF) Total

dt sec TotalRoaches

fipronil ,sec(Sl F)

Equation 20: Change in Secondary Infected Females
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Total
Total Roaches

daB I nfected
——=k__(NIB)

dt sec

- kfipronil ,sec(s B)

Equation 21: Change in Secondary Infected Babies

Once again, the infection rate is based on the odtiotal infected roaches to the total
population. The last termsgoni, sec describes the death rate of roaches due to sagond
infection. Because death rate is proportionaltacentration, lower amounts of fipronil
will cause lower death rates. When roaches coataatfected roach, it is assumed that
the amount transferred is a fraction of the oribdwsage. However, this dosage will still
be lethal.

Bait Degradation

As the roaches become attracted to the gel, thikeivier consume it or carry part of the
gel with them. Therefore, the amount of gel withthish with time. The following

equation describes the degradation of bait:

dGel _

4  Baitconsumption (kpheromoneN”vI K altose (NIM + NIF + NlB))

Equation 22: Degradation of Bait

The constant, dsi consumption IS the rate at which roaches deplete the bdiis Talue will
be larger than the food consumption rate, as laagerunts of gel can stick to the roach.

An approximate number for this value is assumdaetabout 8mg per roach.
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Completed Model
With the completed model, the user can vary comagahs of each component, the day

the poison is added, the total amount of gel maanxl the variance in food. The user

inputs are described below:

Population Model

Constants
Maturation rate 0.0166E6667
Matural death rate 0.01°
Birth rate 1.142857 143
Foaches eat %' grams/day of Food 0.0008"
Roaches contact 'v' grams/day of Bait 0.003

User Inputs

Add poison on Day 1000
Initial Food Supply (grams) 2000
Add more food every ' days 30
How many grams of food to add? 30
haximum Faopulation 20000

Gel Tube Composition - User Inputs

Total Gel (grams) gh
Blatellaguinone (pg) 0.125
Fipronil {g) [max at .06] 0.05
Maltosze a
Carrageenan 8493999058

Figure 15: All User Inputs

The following graphs show the various effects dfiedlent concentrations in the gel

matrix:

30



Population Dynamics: Vary Pheromone Concentration, No Maltose,
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Figure 16: Vary Pheromone
Population Dynamics: Vary Maltose, No Pheromone, Constant Fipronil,
Add Poison on Day 100
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Figure 17: Vary Maltose Concentration
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Population Dynamics: Vary Fipronil, Constant Pheromone and Maltose,
Add Poison on Day 100
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Figure 18: Vary Fipronil
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Figure 19: Vary Days
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Population Dynamics: Vary Total Bait Amounts, Constant Pheromone,
Maltose, and Fipronil, Add Poison on Day 100
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Figure 20: Vary Total Bait

Future Work

Several modifications can be made in order to aeh@&emuch more accurate model.
While the infection and death rates are based seareh articles, the information is still
very limited. Actual experiments should be perfedwith different concentrations of
the gel components in order to get more accuratels. Furthermore, experiments
should be performed as to the consumption of tite B&is would allow for more

accurate data to describe the depletion of the gel.
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DURABILITY AND SPEED REVISITED

Now that the population model has been explainbddbmes easier to explain how
durability and speed utilities were found. Fortbdtrability and speed there were no
trend lines fit to pretty data points. Proceedmthis way, like it was done for toxicity
and odor, is impossible because of the 3 parardefgndence. It would also be
erroneous to graph them independently of each atietake an average satisfaction
value. Because maltose, blattellaguinone, andriipare interdependent parameters, and
because it is impossible to tell at a glance howyiag one will affect speed and
durability, an alternate approach was used. Tpysaach is a trial and error procedure in
which a large combination of gel compositions areipto the population model. For
each composition the effect is examined and relbée# to a consumer satisfaction
percentage based on the performance. Basicallglyoose a random mixture of
maltose, fipronil, and pheromone; put these vaingsthe population model, and see
how fast the population dies. This is done systeally for a large number of
possibilities. The following is a small part otthable that was created.
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Maltose S2
Fipronil (mg) (9) Pheromone (ng) Durability Speed Toxicity Odor S1 (Ours) (Maxforce) B
19% 33% 31% 17%
10 5 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45
100.0% 14.3% 54.2% 84.4% 54.8% 45.0% 0.82
10 100.0% 21.4% 54.2% 84.4% 57.2% 45.0% 0.79
15 100.0% 21.4% 54.2% 84.4% 57.2% 45.0% 0.79
20 100.0% 21.4% 54.2% 84.4% 57.2% 45.0% 0.79
15 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45
5 54.4% 35.7% 54.2% 84.4% 53.3% 45.0% 0.84
10 70.6% 35.7% 54.2% 84.4% 56.3% 45.0% 0.80
15 80.6% 35.7% 54.2% 84.4% 58.2% 45.0% 0.77
20 87.8% 35.7% 54.2% 84.4% 59.6% 45.0% 0.76
25 0 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45
5 17.2% 42.9% 54.2% 84.4% 48.5% 45.0% 0.93
10 24.4% 42.9% 54.2% 84.4% 49.9% 45.0% 0.90
15 28.3% 42.9% 54.2% 84.4% 50.7% 45.0% 0.89
20 30.0% 42.9% 54.2% 84.4% 51.0% 45.0% 0.88
35 0 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45
5 0.0% 42.9% 54.2% 84.4% 45.3% 45.0% 0.99
10 9.4% 50.0% 54.2% 84.4% 49.4% 45.0% 0.91
15 11.7% 50.0% 54.2% 84.4% 49.8% 45.0% 0.90
20 12.8% 50.0% 54.2% 84.4% 50.1% 45.0% 0.90
45 0 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45
5 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
10 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
15 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
20 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
55 0 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45
5 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
10 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
15 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94
20 0.0% 50.0% 54.2% 84.4% 47.6% 45.0% 0.94

Table 12: Beta Functions

Table 12 only shows values at 10mg of fipronil.

50, and 60mg fipronil. The table does not go bely®dmg fipronil because it is

extremely toxic at this amount.

Tk span of values is 10, 20, 30, 40,

For every combination of fipronil, maltose, andttdaquinone, speed and durability

satisfaction were found from the population mot®tjcity and odor satisfaction from

the best fit trend lines, and3avalue computed from all of the above. The value

highlighted in yellow (0.76) is the minimum betdua
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For durability it is helpful to understand the r@asvhy roaches come back after they are
exterminated. The reason that they return is lscthey were not completely
exterminated in the first place. If the consunesrssroaches in their house, the
infestation is already extremely bad. Below aaiarthreshold, the consumer will not see
any roaches because roaches prefer to stay hiddefo@ge for their food in secluded
areas. The population model shows several inssanbere the roach population dips
below a certain point and stays below it for moritefore the population explodes again.
This feature of the model allows for reliable dulibestimates for a given product

composition.

B VALUE

After completing the table using the population mlatwas desirable to find the
smallesf3 value. This value corresponds to maximum consurappiness with the new

product.

MINIMIZED BET A& FUNCTION

Amount of Fipronil (mg/tube)
Amount of Blattellaquinone

(mg/tube) 0.02
Amount of Maltose (mg/tube) 15000
S1 (our product)
S2 (Maxforce Gel)

BETA FUNCTION (B)
Table 13: Minimum Beta Value

To find S Maxforce was used as the primary competitor. rmédion from product

labels off of their roach bait gel was used to capavith their preference function.S
Taking the ratio of these satisfaction values gave@slue for beta. This is the actual beta
value for our final product. Information on howslparticular composition was arrived

at is given in the following pricing model section.

36



PRICING MODEL

Once the minimum beta function is found it needsdaelated to price and demand so
that other options can be explored. The minimuta henction is the best product from
the consumer’s standpoint. This does not necégsaaike it the best product from an

economic standpoint.

To assess this, the following economics pricing etaslused.

(23) @(d,) = pd, _(%] pz{Y_Tpldl} df =0

The equation above gives the relationship betweemtice of the new product,fhe
demand of the new product,dhe price of Maxforce’s product,mand the total amount
of revenue, Y, available for this particular mark&tis a constant, and is an estimate of
the total amount of money to be made by sellinghdaait gels in the southwestern
portion of the United States. From the scant datalable Y was estimated at
$20,000,000. ¢” has to do with the knowledge that consumers febait the new
product and can be manipulated through advertisenfeiiwas assumed to be 1, which
means that consumers are equally aware of theeegistof Maxforce’s product and the
new product. In realityd” is not 1 because we are a brand new producthipsit

problem is saved for a later date when advertisragldressed. p” is also assumed to be

a constant value of 0.75.

Once all of the constants are accounted for, tiheatie for the new product at a given
price for a given beta value can be found. Asdat#id above, to be valid, the equation
must always equal 0. Thus it can be seen whatdfipdice-demand relationships are
allowed for a given value of beta. This is theaen that finally connects changes in
product composition to changes in FCI, TCI, andseguently NPV. A change in
composition changes the beta value; which subseigusters the allowable price
demand relationships. This in turn dictates howynanits we can expect to sell, and for

how much per year.

37



To find the optimal product composition differer@lwes of beta must be selected. For

each of these beta values the price should bedvadess an acceptable range. A table is

created that shows the demand for different progrces and different beta values. The
following table shows only beta at 0.8, but betluea of 0.76, 0.86, 0.90, and 0.95 were

also explored.

P.D; P ($/unit) D, (# of units) o B p ($/Er21it) Y () NPV (millions)
16451747.57 5 3290349.513 1 0.80 0.75 6.67 20000000 0.000 88.0
14569945.96 6 2428324.327 1 0.80 0.75 6.67 20000000 0.000 89.7
12564267.55 7 1794895.364 1 0.80 0.75 6.67 20000000 0.000 75.2
10619035.5 8 1327379.437 1 0.80 0.75 6.67 20000000 0.000 59.9
8858085.114 9 984231.6794 1 0.80 0.75 6.67 20000000 0.000 45.3
7338343.835 10 733834.3835 1 0.80 0.75 6.67 20000000 0.000 32.3
6067001.241 11 551545.5673 1 0.80 0.75 6.67 20000000 0.000 21.1
5023220.465 12 418601.7055 1 0.80 0.75 6.67 20000000 0.000 11.9
4174731.669 13 321133.2053 1 0.80 0.75 6.67 20000000 0.000 4.2
3487646.181 14 249117.5844 1 0.80 0.75 6.67 20000000 0.000 -2.0
2931149.894 15 195409.993 1 0.80 0.75 6.67 20000000 0.000 -7.1

2479149.8 16 154946.8625 1 0.80 0.75 6.67 20000000 0.000 -11.2
2110385.346 17 124140.3145 1 0.80 0.75 6.67 20000000 0.000 -14.7
1807894.151 18 100438.5639 1 0.80 0.75 6.67 20000000 0.000 -17.5
1558288.818 19 82015.20092 1 0.80 0.75 6.67 20000000 0.000 -19.8
1351051.498 20 67552.57492 1 0.80 0.75 6.67 20000000 0.000 -21.8
1177923.767 21 56091.60795 1 0.80 0.75 6.67 20000000 0.000 -23.4
1032408.758 22 46927.67083 1 0.80 0.75 6.67 20000000 0.000 -24.8
909377.3362 23 39538.14505 1 0.80 0.75 6.67 20000000 0.000 -25.9
804761.7432 24 33531.7393 1 0.80 0.75 6.67 20000000 0.000 -26.9
715319.3388 25 28612.77355 1 0.80 0.75 6.67 20000000 0.000 -27.8
638451.0355 26 24555.80906 1 0.80 0.75 6.67 20000000 0.000 -28.5
572061.8171 27 21187.47471 1 0.80 0.75 6.67 20000000 0.000 -29.1

0 28 1 0.80 0.75 6.67 20000000 0.000 -34.7
0 29 1 0.80 0.75 6.67 20000000 0.000 -34.7
0 30 1 0.80 0.75 6.67 20000000 0.000 -34.7

Table 14: NPV versus price at 0.8 Beta

Another facet of the beta function was dealing waibre than one beta function of the

same value. For example, for a beta function & @ order to get an NPV number
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component amounts have to be specified. So whpdems if more than one set of

components yields the same beta value? To renmégiproblem each set of components

with the same beta value was put into another talBtem this table the reactant cost for

each set of components was calculated. Then tlef semponents with the minimum

associated cost was chosen to go into the NPV ladilcns.

B Fipronil (mg) Maltose (g) | Pheromone (ng) | Reactant Cost
0.86 20 15 5 93,369
0.86 30 5 5 95,169
0.86 30 5 10 95,185
0.86 30 15 10 95,185
0.86 40 5 10 96,986
0.86 40 15 97,002
0.86 40 5 20 97,018
0.9 10 25 10 88531
0.9 10 35 15 88547
0.9 10 35 20 88562
0.9 20 25 15 90287
0.9 20 25 20 90293
0.9 30 15 5 91995
0.9 40 5 5 93735
0.9 50 15 20 95522

Table 15: Duplicate Beta Functions

Using the pricing model to vary beta and potergéling prices several curves are

obtained that relate price of a given product ®NH#PV over a ten year period.

NPV in millions
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Figure 21: NPV vs Price for different Betas
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Graphical analysis of these results yields the s&ag information. The composition of
the product is the composition that gives the mummbeta value and the product should
be sold at $6.00 to yield the maximum amount ofiprd his price has an associated
demand of roughly 2.5 million and would yield an\N&f just under 100 million after 10

years. The following table shows the compositibow product again.

MINIMIZED BET A& FUNCTION

Amount of Fipronil (mg/tube)
Amount of Blattellaquinone

(mg/tube) 0.02
Amount of Maltose (mg/tube) 15000
S1 (our product)
S2 (Maxforce Gel)

BETA FUNCTION (B)
Table 16: Product Composition

At first glance it would appear odd that the comipms of our product is the best
economically for us and for our consumers. Big itnportant to remember that in many
instances smaller values of the critical reactagige more effective at combating roach
infestations. For instance, too much pheromongadlgtdisorients roaches and drives
them away instead of attracting them. So a cashdunt of blattellaquinone must be
applied to be maximally effective. Also, basedtlo@ population model it is not always
good to have lots of maltose either. This is beedno much maltose causes the roaches
to consume the bait faster which causes it to uirfaster. So in many cases if the
roaches consume it at a slower rate because thdgsw attracted to it, bait degredation
does not become a factor and the poison has segdaince to spread through the
population.

PLANT/PROCESS DESIGN

Blattellaquinone is not available for purchase.erBfiore, synthesis of this compound

must be included in the process design. This p®iebased off of the blattellaquinone
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research from Cornell University The laboratory synthesis provides the necessary

reactants and methods needed to develop the prpleeds

Synthesis of blattellaquinone is possible throwgb teactions. First, acylation is
performed by adding isovaleryl chloride to 2, Shdiethoxybenzyl alcohol, yielding an

intermediate ester and HEl

Me

OMe Figure 10: Acylation
OMe )CJ)\)\ Reaction .

O
OMe

This reaction takes place in a solution contaifd@AP (dimethylaminopyridine),
pyridine, and dichloromethatie Both DMAP and pyridine act as nucleophilic tygts

in the acylation reaction, while dichloromethan¢his organic solvent. Following
acylation, liquid-liquid extraction is used withetlyl ether to remove the ester from the
mixture'’. To isolate the ester compound completely, diegthyer is removed with an
evaporatol’. Because ether has a low boiling point of apprately 34.6C, not much

heat is needed to vaporize the solvent.
The second reaction is oxidatfon The intermediate ester is mixed with acetortiril

the presence of cerium ammonium nitrate, oxidizirgester’. Cerium ammonium

nitrate acts as a catalyst for the reaction.
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OMe o

:: ;”/\o)L mfka ﬁ)f‘“ﬂgﬂm/ta

OMe o Figurell: Oxidation
Reaction'*

The result of this reaction is the desired prodbiettellaquinone. The compound must
be extracted out of the reactant mixture usingldicmethan&. Once again,
evaporation is used to remove the solvent andtisdtte pheromorté

With the pheromone synthesized, it is then readyetaixed with the other product
ingredients. Carrageenan must be heated priopimgrto ensure its liquid form. It
takes a temperature of approximatelyG@o melt the compourld When mixed with
the other ingredients, the carrageenan will cawining a gel. The gel product is then

ready to be pumped to a packager for distribution.

This overall process was used to generate thenwltpPFD’s for the plant:
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Oxadation
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Packaging

" . Maltose
Fipronil

Carrageenan

| ! Packager

Figure 14: Process 3 — Product Mixer and Packaging

Equipment Design and Purchased Costs

REACTANTS

Sizing of the process equipment is dependent up@amount of blattellaquinone
required per year. This amount is determined bycttimposition of each gel tube and the
number of units to be produced. These parametenesolved through the utility

functions and demand model.

The final amount of blattellaquinone yielded frome tab synthesis is proportional to the
amount of a given reactant. This ratio, multipldthe amount of pheromone needed
on a large scale, gives the amount of reactantetefed the plant. The following

eguation was used to scale up the reactants:

ReaCtanéxperiment
Pher OmneExperiment

R eaCtar]_grgeScab: Pher OMONE, ;gescae™

Equation 23: Equation for
Reactant Scale Up
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The amount of reactants needed for the processipired by the prices for each
reactant, gives the cost of raw materials. Prigeall reactants and gel ingredients are
listed below”.

Listed Prices
Reactant / Ingredient $g $/mL
Izovaleryl Chlaride 0310 nia
2 5-Dimethoxybenzyl Alcohal 3.13 n'a
Pyridine 0.0749 0.073
4-Dirnethylaminopyridine 0.587 n'a
Dichloramethane nia 0.01% Figure 22: List Prices f0{5
Cerium Ammanium Mitrate 0.550 1.370 Reactants & Ingredients
Acetanitrile n'a 0.043
Ether n'a 0.017
Fipronil 1.45 n'a
Maltose 0.0450 n'a
Carrageenan 0.00530 n'a

TANKS

All storage tanks in the plant are designed to loold month’s supply of reactants. For
safety reasons, this capacity is increased byirhést To avoid corrosion, all tanks are
to be constructed from 304 stainless steel. Uauaglable correlations, the prices for
each tank can be obtairtéd

LIQUID-LIQUID EXTRACTORS
The scale up of extractors is based upon the anufstages needed to achieve an

efficient extraction. It was assumed that at |dfsstages are needed to effectively
remove the intermediate ester and blattellaquiriicora their respective reactant

46



mixtures. Mechanical agitation, or a Scheibelaotor, was chosen because it allows
good contact between the solvent and the mixtirem here, the equivalent height of a
theoretical stage can be read directly from gines? This gives the height of the
extractor by the following equatih

Column Height Equation 24: Determining

HETS = #Sages Extractor Height

Extractor prices can be approximated by using theetations for distillation columi$
EVAPORATORS

To prevent damage to the intermediate ester antbld@uinone, evaporators are chosen
to remove the solvent. Evaporators are useful wigah sensitive components are
involved™?. The design is based on the heat transfer aegeddo evaporate the solvent.
It is assumed that when the solvent fills the evatoo, it takes the form of a cylinder.
Thus, the equations for the volume and surface@raaylinder can be used. By
assuming that the length of the cylinder is eqoalix-times the radius, it is possible to
solve for surface area based on volume. Chanbgmgatio of length to radius is an
optimization parameter that affects vapor veloaitgl convection. The following
equation gives the heat transfer area of the eatgobbased on the volume of the solvent:

_ VSoIvent % Equation 25: Heat Transfer
SA=1 67T Area of Evaporator

The heat required to vaporize the solvent is predibly steam. To calculate the amount

of steam needed, a heat balance is performed.

Qheat solvent= mCp(T)
Qvaporize solvent =mH)

This total heat is then used to calculate the masteam required.
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QTotal=mCpAT)Steam
MIXING TANKS

Because kinetic data are not available, mixing $aare chosen to perform the reactions.
The reactants consist of both powdery solids andds. Thus, ribbon blenders are
selected, as they can mix both solids and liquifizgvely™. Sizing of these mixers are

based on the sum of all reaction components nefed@he month’s capacity.

The final mixer must be designed to mix all ingesds within the gel matrix. Because

the gel media is assumed to be a very high viscasikneader mixer must be used
Purchased costs for each mixer are determinedebsnthilable correlation$
PACKAGER

Before the gel can be distributed, it must be pgeklan plastic tubes. One type of
packager capable of performing this function is@RHX 32 carousel filling unft

Designed to handle gels, these filling units camtiomously package the product without

disrupting the overall process.

Figure 22 HORIX 32
Package?

FIG. 21-45 HORIX 22 staticn carcusel-type liquid Bller for glass and plastic bottles ond metal cans.
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PUMPS

The majority of all fluids that require pumping arelow viscosity. Thus, centrifugal
pumps are the logical choice for fluid flow. Tceepent corrosion, these pumps will be
constructed from 316 stainless steel. Applyingdbeelations provided, the purchased

cost can be obtain&d

To transport the gel product from the final mixtagk, a pump that can handle high
viscosities is required. This can be achieved wigositive displacement pump.
Assuming that the pump is made of stainless-sgge#n correlations can once again be

used to determine purchased ctsts

The power requirements for each pump can be cagzligith the following equatidhn

Horsepower = (GPm aP)
(1715(Efficiency) ~ Equation 26

In order to use this equation, both pressure dnapedficiency are assumed to be 20 psi
and 80%, respectively. By specifying the amourttaithes per day, the number of
batches per second is determined. It is assuna¢@dch step in the process (acylation,
oxidation, packaging) is one-third of the totaldatime. In the acylation and oxidation
processes, it is further assumed that loadingeféiactants and the fluid transfer from
the extractor is 20% of the process, while theastion and evaporation processes are
80%. Flowrates for these pumps can then be cadoufzer batch, as well as their

respective power requirements and electrical costs.
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FIXED/TOTAL CAPITAL COSTS

Both the fixed and total capital investments atevested as the percentage of the
delivered-equipment cost  This total equipment cost is obtained fromshen of the
costs of all designed equipment. Using this mettiwel FCI and TCI for this plant are
determined to be $1.4 million and $1.6 million,pestively. While an approximation,

the accuracy of this method has been shown to thennt10962.
PRODUCTION COSTS

Estimation of the annual cost to produce the baitlpct is dependent on several factors.
First, the cost of raw materials is calculated nraanual basis. Next, operating labor can
be approximated based on plant capatityWith this method, at least 40 employee
hours per day per processing step are neededg W@diar information, an hourly wage

of $22.03 is obtainéd Finally, utilities for the process can be detieved by calculating
the annual cost of steam, cooling water, and etgigtrequired. It is assumed that the
plant is in operation for 350 days a year, witkeast 15 days set aside for routine
maintenance and sterilization of the maltose tafiis results in an annual production

cost of $17.4 million.

PLANT LOCATION AND TRANSPORTATION COSTS

In order to effectively distribute the bait proddetoughout the Southwest region, a plant
location was decided based on equidistant travall focations. Located around the
center, Farmington, NM, is an acceptable locatarttie plant. With a population of
about 41,000, there will be enough manpower tatherfacility.
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Figure 23: Plant Location —
Farmington, New Mexicc®

The costs for transportation are assumed to bedfGbe raw material cost. This
accounts for the delivery of the product to alkidsition centers.

ECONOMIC ANALYSIS

The revenue generated from the process is caldubgtenultiplying the units sold per
year by the cost of each unit. At $6 a unit fd& Rillion units, the revenue per year is
around $15 million. Assuming no variance in reatta utility costs and a 10 year plant
life, the sum of the cash flows gives the approxeéPW. For 10 years, the NPW is
found to be $90 million. With an NPW greater ttzmo, this is a profitable process.

ENVIRONMENTAL CONCERNS

Many of the reactants are quite harmful to the mmwment. Acetonitrile can weakly
adsorb to soil, while pyridine can adsorb to Elalf released into the water, fipronil,
methylene chloride, and acetonitrile can be detwiBquatic life, especially figh If

released in the air, both pyridine and methylererade can last for a while before
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degradation. Pyridine can last for over 30 dayéair, while methylene chloride can

take up to several months before it is decomposed

CONCLUSION

The findings of this project conclude that a newlgget design based on blattellaquinone
can be a profitable venture. After applying thiitutfunctions, it is determined that the
final composition of the gel will consist of 20ugifie blattellaquinone, 0.01g/tube
fipronil, 15g/tube maltose, and 50g/tube carrageenie pricing model, used in
conjunction with the process/plant cost analysiguires that 2.5 million units of the gel
be sold a year, with each unit costing $6. Thssilts in a net present value of about $90

million for ten years, indicating a very profitalgeocess.

FUTURE WORK

There are a couple ways to optimize the proceshufore designs. First, both catalysts
(cerium ammonium nitrate and DMAP) are very expesstontributing to almost half of
the cost of raw materials. By performing in-dep#periments on the chemistry of these
catalysts, it may be possible to regenerate eaetpoond, dramatically reducing costs.
Secondly, costs can be reduced by reusing theargacixture. Recycling the reactant
mixture to the reaction tank can allow for unredatempounds to go to completion,

reducing the amounts of initial reactants needed.

More research should be done on the nature ofahstants found for the population
model. There was scant information available lhierdegree of attraction of roaches to
maltose. Also, the differences in the metabolisfiisymphs and adults was not taken
into account, but could be incorporated with addidil research. Average amounts of
edible food per household, average household rivdestations, and average roach

ingestion rates should also be verified.

The approximatiord used for the capital and production costs arentitely accurate.

Many of the values are based off of percentages freerage data of other plants.
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Furthermore, the pricing of some equipment fall®wehe minimum cost in the given
trends. In this case, the lowest equipment pricthe chart was chosen. This
contributes to the calculated NPW and the assati@ists having a significant degree of

error.

In addition to the aforementioned issues, the pgiechodel should be extended and
explored in more depth. This report contains reessment of factors such as: risk,
uncertainty, variance in reactant costs, and ioftat It also does not rectify the
assumptions inherent in the population model ifselmely assuming that the consumer

will have equal knowledge of both products.
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