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Objectives
• Investigate the feasibility of using the 

pheromone blattellaquinone to increase 
the effectiveness of roach bait products
– Population model that describes how roaches 

proliferate in an environment to be targeted by 
roach bait

– Necessities for industrial scale pheromone 
and gel synthesis

– Utility functions that represent anticipated 
consumer satisfaction with a given product 



• Roaches are a major source of home 
infestations.
– The German cockroach (Blattella germanica) is the 

most abundant out of 4000 species
– American cockroach (Periplaneta americana)
– Asian cockroach (Blattella asahinai)

American 
Roach

1 inch long

Asian 
Roach

½-5/8 inch 
long

German 
Roach

½-5/8 inch 
long

The Roach Problem



• Roaches feast on garbage, 
feces
– Carry at least 100 species of 

bacteria
• Salmonella, E. coli, Shigella, etc.

– Carrier of house dust mites
• Powerful allergen

House dust mite

Salmonella 
bacterium

The Roach Problem



• Can go for a month without 
food and can hold its breath 
for 45 minutes

• Nocturnal creatures
• Have an amazing 

reproductive capacity
– One cockroach can produce up 

to 300,000 roaches per year
– From babies to adults in 3-4 

months

Why won’t they just die??



• Clean out
– Residual Pesticides
– Crack and Crevice work (C&C)
– Foggers/Aerosols

• Roach Bait
– Bait stations (indoor)
– Bait gels (indoor)
– Granular baits (outdoor)
– Insect Growth Regulators (IGR)
– Pheromone traps

Methods of Extermination



Roach Poisons

Boric acid powder is applied 
to infested areas.  The 
particles cling to the insects’
legs and cause fatal chemical 
burns.

Pyrethroid nerve poisons are a 
common class of insecticides used 
to kill roaches.

Fipronil is fatal after about 72 hours allowing 
the poison to spread throughout the roach 
population.



• Research project at Cornell University
– Nojima, Schal, Webster, Santangelo, Roelofs

• German roach pheromone isolated using various 
techniques
– Gas-chromatographic electroantennogram detector (GC-EAD)
– Silica gel separation
– NMR Characterization
– High Performance liquid Chromatography (HPLC)
– GC-mass spectrometry

Electroantennogram

Isolation of New Pheromone



• Same as natural pheromone
– Supported by NMR 

• Roaches very responsive
– Lab tested

• 10-100ng attracted 60% of males 
in lab

– Field tested
• Roach-infested pig farm
• 10-1000µg trapped 10-30 

roaches per night

• Very promising as an 
attractant

Blattellaquinone



Roach Trap Market

• Competitors
– Maxforce (Bait 

Stations, Bait Gels, 
Granular Baits)

– Avert (Aerosol Bait)
– Siege (Aerosol Bait)
– Niban (Granular Bait)
– Baygon (Granular 

Bait)

• Area of Focus
– Southwest U.S. 



Roach Trap Design

Aerosol forms 
don’t get the 
roaches where 
they are hiding

Granular forms 
can’t be eaten by 
the roach nymphs

Bait stations have to 
be placed very 
carefully or they 
become a hazard to 
children and pets

Roach bait gels are the best option 
because they don’t have any of the 
other methods’ drawbacks



Roach Bait Gel

• Blattellaquinone
– The sex pheromone will increase attraction to the bait 

among the males

• Traditional bait attractants
– A traditional attractant (Maltose) is added to attract females 

and nymphs as well

• Fipronil
– The bait is laced with this poison.  Roaches are cannibalistic 

and consume their own excrement so the poison will spread.



Utility Functions

What makes you happy?....



Physical Properties
• Durability

– How long before the roach problem returns?
– Based on a population model.

• Speed
– How long does it take to reduce or eliminate the 

infestation?
– Based on a population model.

• Odor
– How badly does it smell?

• Toxicity
– Is it safe for pets and people?





Beta Function

Beta Function: measures how much more the consumer will 
prefer the new product given equal prices.

S1 is the % satisfaction for our 
product and S2 is the % 
satisfaction for our main 
competitor’s (Maxforce).

wi is the weight of the parameter 
and yi is the normalized un-
weighted % satisfaction.

yi values are obtained from the utility functions.   
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Survey Results

SPEED
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%

Satisfaction Ratings per survey #

ODOR
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%

Satisfaction Ratings per survey #

TOXICITY
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%

Satisfaction Ratings per survey #

DURABILITY
1 2 3 4 5 6 7 8 9 10 Average

Permanent roach death 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%

Satisfaction Ratings per survey #



Weights

• Indicate how important each attribute is to 
the consumers.

∑= iii ywS

1 2 3 4 5 6 7 8 9 10 Average weight
Durability 40% 10% 40% 20% 20% 10% 10% 10% 20% 10% 19%

Speed 20% 30% 30% 30% 30% 40% 40% 40% 30% 40% 33%
Odor 10% 20% 10% 10% 10% 30% 30% 20% 10% 20% 17%

Toxicity 30% 40% 20% 40% 40% 20% 20% 30% 40% 30% 31%

Consumers felt that speed and 
toxicity were the two most 
important aspects of the product.



Odor
Consumer Satisfaction vs Result
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Toxicity
Satisfaction vs Result
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POISON Fipronil (mg/tube) Avg. Satisfaction

slightly toxic 11.34 42%
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Speed 

• Depends on:
– Maltose
– Fipronil
– Blattellaquinone

Consumer satisfaction vs. Result

R2 = 0.9873

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Result

%
 S

at
is

fa
ct

io
n

24-48 hr 3-4 day 1-2 week5-7 day



Durability

• Depends on:
– Maltose
– Fipronil
– Blattellaquinone

Consumer Satisfaction % vs Result

R2 = 0.998
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Population Model



Population Model

• Need a model to represent a cockroach 
infestation

• Observe the effects of product 
composition on population
– Pheromone, maltose, fipronil

• Determine amounts of each to eliminate 
population



Population Model

• Basic Equation

• When Death Rate > Birth Rate, population will die

{ } { }RateDeathRateBirth
dt

dNt −=



Population Model

• Total Population
– Adults: Males & Females

– Nymphs (babies)
– Three different growth equations



Population Model
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Population Model

• Growth rate is uninhibited 
– Population goes to infinity

• Need to account for limited food, space



Population Model

• klack of food = rate of death due to starvation

• kcrowding effects = rate of roaches leaving
• Proportional to how much space is available
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Population Model

• Apply each term to each roach type

• Assume:
– Population distribution in eggs is equal

• Half males, half females

– Adults & Nymphs consume food equally

– Cannibalism does not extend lifetime



Babies

Adults

Total



Population Model

• Lets make things interesting…





Population Model

• Incorporate gel bait into model
– Attract roaches with pheromone, maltose
– Kill roaches with fipronil

• Poison will also spread throughout colony
– “Secondary Infection”



Population Model

Babies
(SIB)

Babies
(IB)

Babies
(NIB)

Adult Females
(SIF)

Adult Females
(IF)

Adult Females
(NIF)

Adult Males

(SIM)

Adult Males

(IM)

Adult Males

(NIM)

Secondary 
Infected

InfectedNonInfected



Population Model

• Population change depends on 9 
equations
– Change in NIM, IM, SIM, NIF, IF, SIF, NIB, IB, 

SIB

• All roaches are attracted to food bait
• Only adult males attracted to pheromone



Non-Infected Roach Equations
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• Kpheromone – proportional to blattellaquinone 
concentration

• Kmaltose – proportional to maltose 
concentration

• Ksecondary – proportional to # of infected 
roaches in colony



Population Model
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Infected Roach Equations
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Secondary Infection Equations
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Population Model

• Vary Pheromone
• Vary Maltose
• Vary Fipronil



Increasing 
Pheromone



Increasing 
Maltose



Increasing 
Fipronil





Population Model

• Bait Degradation
– Roaches will contact, eat gel
– Gel will diminish

( ))( NIBNIFNIM
maltose

kNIM
pheromone

k
nconsumptioBait

k
dt

dGel
+++−=





Population Model – Future Work

• More accurate death, attraction rates
– Experiments in lab

• Test attraction rates for varying concentrations of 
maltose, pheromone

• Test death rates and secondary with varying 
concentrations of fipronil

• Test consumption of gel bait



Speed Results

% Satisfaction vs Poison y = -9E-05x2 + 0.019x
R2 = 0.9429
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Speed and Durability??

• Trial and error approach using the 
population model

• Choose values over a wide range for each 
parameter

• The population model will give the result 
for each set of values, which can be 
related to consumer happiness

• Create a table from the data



Speed and Durability
Fipronil (mg) Maltose (g) Pheromone ( µg) Durability Speed Toxicity Odor S1 (Ours) S2 (Maxforce) β

w i 19% 33% 31% 17%

10 5 0 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45

5 100.0% 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% 0.0% 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

Fipronil (mg) Maltose (g) Pheromone ( µg) Durability Speed Toxicity Odor S1 (Ours) S2 (Maxforce) β

w i 19% 33% 31% 17%

10 5 0 0.0% 0.0% 54.2% 84.4% 31.1% 45.0% 1.45

5 100.0% 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% 0.0% 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



2 0 5 0 0 . 0 % 0 . 0 % 3 1 . 1 % 8 2 . 5 % 2 3 . 7 % 4 5 . 0 % 1 . 9 0
5 1 0 0 . 0 % 3 5 . 7 % 3 1 . 1 % 8 2 . 5 % 5 4 . 5 % 4 5 . 0 % 0 . 8 3

1 0 1 0 0 . 0 % 4 2 . 9 % 3 1 . 1 % 8 2 . 5 % 5 6 . 8 % 4 5 . 0 % 0 . 7 9
1 5 1 0 0 . 0 % 4 2 . 9 % 3 1 . 1 % 8 2 . 5 % 5 6 . 8 % 4 5 . 0 % 0 . 7 9
2 0 1 0 0 . 0 % 4 2 . 9 % 3 1 . 1 % 8 2 . 5 % 5 6 . 8 % 4 5 . 0 % 0 . 7 9

1 5 0 0 . 0 % 0 . 0 % 3 1 . 1 % 8 2 . 5 % 2 3 . 7 % 4 5 . 0 % 1 . 9 0
5 5 0 . 6 % 5 7 . 1 % 3 1 . 1 % 8 2 . 5 % 5 2 . 1 % 4 5 . 0 % 0 . 8 6

1 0 6 4 . 4 % 5 7 . 1 % 3 1 . 1 % 8 2 . 5 % 5 4 . 8 % 4 5 . 0 % 0 . 8 2
1 5 7 2 . 2 % 5 7 . 1 % 3 1 . 1 % 8 2 . 5 % 5 6 . 3 % 4 5 . 0 % 0 . 8 0
2 0 7 8 . 3 % 5 7 . 1 % 3 1 . 1 % 8 2 . 5 % 5 7 . 4 % 4 5 . 0 % 0 . 7 8

2 5 0 0 . 0 % 0 . 0 % 3 1 . 1 % 8 2 . 5 % 2 3 . 7 % 4 5 . 0 % 1 . 9 0
5 1 7 . 8 % 5 7 . 1 % 3 1 . 1 % 8 2 . 5 % 4 5 . 9 % 4 5 . 0 % 0 . 9 8

1 0 2 3 . 9 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 9 . 4 % 4 5 . 0 % 0 . 9 1
1 5 2 6 . 7 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 5 0 . 0 % 4 5 . 0 % 0 . 9 0
2 0 2 8 . 3 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 5 0 . 3 % 4 5 . 0 % 0 . 9 0

3 5 0 0 . 0 % 0 . 0 % 3 1 . 1 % 8 2 . 5 % 2 3 . 7 % 4 5 . 0 % 1 . 9 0
5 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0

1 0 1 1 . 1 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 7 . 0 % 4 5 . 0 % 0 . 9 6
1 5 1 3 . 3 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 7 . 4 % 4 5 . 0 % 0 . 9 5
2 0 1 3 . 9 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 7 . 5 % 4 5 . 0 % 0 . 9 5

4 5 0 0 . 0 % 0 . 0 % 3 1 . 1 % 8 2 . 5 % 2 3 . 7 % 4 5 . 0 % 1 . 9 0
5 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0

1 0 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0
1 5 5 . 6 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 5 . 9 % 4 5 . 0 % 0 . 9 8
2 0 6 . 1 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 6 . 1 % 4 5 . 0 % 0 . 9 8

5 5 0 0 . 0 % 0 . 0 % 3 1 . 1 % 8 2 . 5 % 2 3 . 7 % 4 5 . 0 % 1 . 9 0
5 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0

1 0 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0
1 5 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0
2 0 0 . 0 % 6 4 . 3 % 3 1 . 1 % 8 2 . 5 % 4 4 . 9 % 4 5 . 0 % 1 . 0 0

3 0 5 0 0 .0 % 0 .0 % 1 7 .9 % 8 0 .7 % 1 9 .3 % 4 5 .0 % 2 .3 4
5 1 0 0 .0 % 4 2 .9 % 1 7 .9 % 8 0 .7 % 5 2 .4 % 4 5 .0 % 0 .8 6

1 0 1 0 0 .0 % 4 2 .9 % 1 7 .9 % 8 0 .7 % 5 2 .4 % 4 5 .0 % 0 .8 6
1 5 1 0 0 .0 % 5 0 .0 % 1 7 .9 % 8 0 .7 % 5 4 .8 % 4 5 .0 % 0 .8 2
2 0 1 0 0 .0 % 5 0 .0 % 1 7 .9 % 8 0 .7 % 5 4 .8 % 4 5 .0 % 0 .8 2

1 5 0 0 .0 % 0 .0 % 1 7 .9 % 8 0 .7 % 1 9 .3 % 4 5 .0 % 2 .3 4
5 4 8 .9 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 4 9 .8 % 4 5 .0 % 0 .9 0

1 0 6 2 .2 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 5 2 .3 % 4 5 .0 % 0 .8 6
1 5 6 9 .4 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 5 3 .7 % 4 5 .0 % 0 .8 4
2 0 7 4 .4 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 5 4 .6 % 4 5 .0 % 0 .8 2

2 5 0 0 .0 % 0 .0 % 1 7 .9 % 8 0 .7 % 1 9 .3 % 4 5 .0 % 2 .3 4
5 1 7 .2 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 4 3 .8 % 4 5 .0 % 1 .0 3

1 0 2 2 .2 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 4 4 .7 % 4 5 .0 % 1 .0 1
1 5 2 5 .6 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 4 5 .3 % 4 5 .0 % 0 .9 9
2 0 2 6 .7 % 6 4 .3 % 1 7 .9 % 8 0 .7 % 4 5 .5 % 4 5 .0 % 0 .9 9

3 5 0 0 .0 % 0 .0 % 1 7 .9 % 8 0 .7 % 1 9 .3 % 4 5 .0 % 2 .3 4
5 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5

1 0 1 0 .6 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 4 .8 % 4 5 .0 % 1 .0 0
1 5 1 2 .2 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 5 .2 % 4 5 .0 % 1 .0 0
2 0 1 2 .8 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 5 .3 % 4 5 .0 % 0 .9 9

4 5 0 0 .0 % 0 .0 % 1 7 .9 % 8 0 .7 % 1 9 .3 % 4 5 .0 % 2 .3 4
5 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5

1 0 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5
1 5 5 .6 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 3 .9 % 4 5 .0 % 1 .0 3
2 0 6 .1 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 4 .0 % 4 5 .0 % 1 .0 2

5 5 0 0 .0 % 0 .0 % 1 7 .9 % 8 0 .7 % 1 9 .3 % 4 5 .0 % 2 .3 4
5 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5

1 0 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5
1 5 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5
2 0 0 .0 % 7 1 .4 % 1 7 .9 % 8 0 .7 % 4 2 .8 % 4 5 .0 % 1 .0 5



Minimum Beta

• Found the minimum value of Beta to find 
the best ideal product for the consumer

• This will not necessarily be the best 
economically for us
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Pricing Model

• p1, d1 is the price and demand for our product

• p2 is the price of Maxforce’s product
• Y is an estimated amount of revenue for this 

market (20 million)
• α represents how knowledgeable the consumer 

is about our product (assumed to be 1).
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Finding the Optimal Composition

*Choose combination of β
and product price that 
maximizes NPV
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From price, demand, and 
product composition  
calculate NPV

Input β and p1

Output Demand (d1)

Choose new price for the 
same β or choose a different 
β value.



P1D1 P1 ($/unit) D 1 (# of units) α β ρ P2 ($/unit) Y Φ 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 0 1 0.80 0.75 6.67 20000000 0.000 -34.7

0 29 0 1 0.80 0.75 6.67 20000000 0.000 -34.7

0 30 0 1 0.80 0.75 6.67 20000000 0.000 -34.7

Pricing Model



Multiple Compositions for β

• Choose the composition that gives the 
smallest reactant cost

β Fipronil (mg) Maltose (g) Pheromone ( µg) 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 5 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



Most Profitable Composition
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Product Composition

• At an optimum selling price $6 per unit
• Sell 2.5MM units a year
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Plant Design



Overall Process

• Acylation
– Isovaleryl chloride

– 2,5 dimethoxybenzyl alcohol
– Pyridine

– DMAP (dimethylaminopyridine)
– Dichloromethane

– Diethyl ether (extraction)
+ HCl



Overall Process

• Oxidation
– Crude ester (from acylation)

– Cerium ammonium nitrate (catalyst)
– Acetonitrile

– Dichloromethane (extraction)



Overall Process

• Acylation � Extraction � Evaporation

• Oxidation � Extraction � Evaporation

• Gel Mixing � Packaging 
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Oxidation
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Plant Design

• Process depends on three criteria
– Composition of gel matrix

• Blatellaquinone
• Fipronil
• Maltose
• Carrageenan

– # Tubes produced per year
– # Batches per day



Plant Design
• Storage Tanks

– 304 Stainless Steel
– One month supply of reactant

• Liquid-Liquid Extractors
– Use cost of column

• Evaporators
– For heat sensitive components

• Mixing Tanks
– Ribbon Blenders

• Pumps
• Packager



Economic Results



Equipment Costs

• Tanks:  $84,000
• Extractors: $51,000
• Evaporators: $53,000
• Mixers: $110,000
• Pumps: $14,300

TOTAL COST = $262,000



Fixed & Total Capital Investment

• Based on percentage of equipment costs
– Table 6-17, PT&W, pg. 273

– Not completely accurate



I. Direct Costs Percent of delivered equipment cost $
Purchased equipment delivered 100 $262,227
Purchased equipment installation 39 $102,268
Instrumentation and controls (installed) 26 $68,179
Piping 31 $81,290
Electrical systems (installed) 10 $26,223
Buildings 29 $76,046
Yard improvements 12 $31,467
Service facilities (installed) 55 $144,225

Total direct plant cost 302 $791,925

Indirect costs
Engineering and supervision 32 $83,913
Construction expenses 34 $89,157
Legal expenses 4 $10,489
Contractor's fee 19 $49,823
Contingency 37 $97,024

Total indirect plant cost 126 $330,406

Fixed Capital Investment 428 $1,122,331
Working Capital 75 $196,670

Total Capital Investment 503 $1,319,001

Estimation of Capital Investment Cost (showing indi vidual components) for a 
Solid/Fluid Processing Plant



Fixed & Total Capital Investment

• FCI = $1.12 MM
• TCI = $1.32 MM



Production Costs

• Annual cost of reactants
• Annual cost of utilities





• Total Annual Cost (year 1) = $5.6 MM
• Revenue (year 1) = $9.5 MM

– Recover initial investment after first year

• Net Present Worth = $96.7 MM
– Based on 10 year plant life
– Process is profitable

Production Costs



Environmental Concerns
• Terrestrial damage

– Acetonitrile weakly adsorbs to soil
– Pyridine adsorbs to clay

• Aquatic damage
– Fipronil, CH2Cl2 , acetonitrile, 

& pyridine deadly to fish

• Atmospheric pollution
– Pyridine can last over 30 days in air
– CH2Cl2 can last several months in air 



Questions?



References
• Toxicity of Fipronil to German and American cockroaches. Kaakeh, Reid, 

Bennett.
• http://www.idph.state.il.us/envhealth/
• http://www.pestproducts.com/roachbait.htm
• http://www.doyourownpestcontol.com
• Evaluation of Attractants for Monitoring Populations of the German Cockroach 

(Dictyoptera: Blattellidae).  Nalyanya, Schal.
• Peters, S. Max, Klaus D. Timmerhaus, Ronald E. West. Plant Design and 

Economic for Chemical Engineers. New York: McGraw-Hill Companies, 
Inc., 2003.

• Satoshi Nojima, et al.  Identification of the Sex Pheromone of the German 
Cockroach, Blattella germanica. Science 307, 1104: (2005).

• Durier, V.,  and C. RIVAULT.  Improvement of German Cockroach 
(Dictyoptera: Blattellidae) Population Control by Fragmented 
Distribution of Gel Baits. J. Econ. Entomol. 96(4): (2003)

• Ketchum, Heather R. Personal interview. 30 April 2007.


