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I PROJECT DESCRIPTION

A.

Background

Stumptown Coffee Roasters in Portland, Oregon currently has one coffee roaster and are
looking to expand into a new location and add an additional roaster. In order to meet current
air emissions standards, Stumptown currently uses an afterburner to clean the coffee roasting
exhaust. The afterburner takes 420 F air from the roaster and heats it up to 1200 F prior to
directly exhausting into the atmosphere. This process uses approximately $18,600 per year of
natural gas.

Project Goals

One of Stumptown’s goals is to reduce their fossil fuel usage and this report discusses ways of
doing this by recovering heat from the discharge of the afierburner. If available, Stumptown
would like to use the recovered heat for uses such as comfort heating, domestic hot water
heating, and process heating. Another option for reducing fossil fuel usage is to replace the
afterburner with a catalytic converter, which requires less energy input to operate.

This study summarizes the various options investigated by PAE to recover the heat from the
coffee roasting process and starts the discussion into how this heat may be used in the building.

Executive Summary

In order to maximize the fossil fuel and energy cost savings, PAE recommends installing the
system described in Option 5, the Self-cleaning Ceramic Filter (SCCF) from Anguil. Although
this system has the highest first cost ($95,000), it also provides the greatest annual energy
savings of $16,245, resulting in a return on investment of 17 percent. The ceramic filter system
addresses Stumptown’s primary goal of reducing fossil fuel usage by reducing the input energy
required to clean the coffee roaster exhaust. In addition, since this system is equipped with a
fan, the low static pressure available in the stack (0.03-0.04 in. w.c.), will not be a concern.

The SCCF will need an approximate footprint of 15 feet x 9 feet, either on the roof or on grade.
This system reduces the discharge temperature from 1200 F to 675 F and saves energy without
needing to recover the heat through a secondary heat exchanger. A secondary heat exchanger
could be added for an additional $47,000, but the ROI would drop below 10 percent.

For lowest first cost, Option 3, installing a heat exchanger from Cain downstream of the
afterburner, is recommended. The heat exchanger, which has approximate dimensions of 51
inches x 49 inches x 41 inches high, can be retrofitted onto the existing stack. The first cost of
this system including a hot water storage tank and piping, but not including the afterburner is
$47,000. The building heating and domestic hot water loads will not correspond directly with
the time of heat recovery; therefore 100% of the heat recovered will not be available for use.
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Assuming that 50% of the available heat is recovered annually, this system saves $5,420 per
year, resulting in a return on investment of 10 percent. This system however will not reduce
overall energy input. In addition, the pressure drop through the heat exchanger is 0.04 inches
w.c. which is just adequate for the existing stack pressure of 0.03-0.04 in. w.c.

Next Steps

After Stumptown has selected one of the Options, further detailed analysis of the new building
facility needs to be conducted to determine how best to incorporate this system.

If Option 5 is selected, a location must be selected for the unit (i.e. rooftop, on grade) and the
routing of the exhaust stack into the unit must be confirmed.

If Option 3 is selected, the new building load must be evaluated to determine the load profile
throughout the year. The heat recovery profile needs to match the heat load profile of the
building as much as possible to maximize the energy savings. Otherwise, methods of thermal
storage, such as a hot water storage tank, need to be evaluated. In addition, a location must be
found to install the heating water storage tank and pumps.

Energy credits for installing this system may be possible. However, since Option 5 is a process
only related energy savings measure and Option 3 is a combined process recovery with
recovered energy use in the building systems, both will have to be reviewed by the ETO on a
case-by-case basis to ensure they meet the requirements of the incentive A whole building
energy study must be performed as well as applying for these incentives and credits. PAE has
initially approached these incentive programs and determined that a first year credit of up to
$0.80 per therm saved may be possible. This results in a first year credit of $3,440 for Option 3
and $10,314 for Option 5.

06-1079
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II.

II1.

EXISTING CONDITIONS

The coffee roaster exhaust stack was tested to determine the properties of the exhaust air. The test
was conducted by Valid Results, Inc on August 31, 2006 (See Appendix for copy of test report). The
results of the test are as follows;

Stack Diameter: 20-inches
Stack Height: 30 feet approximate

Parameter Run 1 Run 2

Stack Temperature (F) 1204.5 1214.3

Stack Velocity (FPS) 24.15 21.78
Stack pressure (in. w.c.) 0.04 0.03
Stack Flow Rate (ACFM) 3,161 2,851
Stack Flow Rate (SCFM) 767 688
CO2 Concentration (%) 2.6 2.6
02 Concentration (%) 14.2 14.2
Moisture Content (%H20) 24.0 24.0

HEAT RECOVERY OPTIONS

Various options for recovering the heat from the coffee roasting process were investigated. Some
options included adding a heat exchanger downstream of the afterburner. Other options included
removing the afterburner and adding a catalytic oxidizer. The options are summarized below. The
analysis assumes that of the heat recovered; approximately 50% can be utilized. 100 percent may be
utilized in the winter, but summer utilization will be significantly less. Rather than recover heat,
Options 3 and 4 reduce the amount of heat input required to clean the exhaust air.

A. Option 1: Afterburner Only (Existing Condition)

This is the baseline, existing case. The afterburner burns off any excess particulates and organics in
the airstream prior to discharge. In this process, the temperature of the air is increased from 420 F
(discharge of roaster) to 1200 F. The cost of an afterburner is approximately $30,000 plus installation.
Approximately $18,600 of energy is used in this process.

B. Option 2: Afterburner Plus Heat Exchanger from Anguil Svstems

This option adds a heat exchanger downstream of the afterburner. The heat exchanger recovers the
heat to a water loop which distributes the heat to various building systems. The heat exchanger
recovers heat from the exhaust airstream to reduce the temperature down to 700 F. The cost of the heat
exchanger, hot water storage tank, and piping is considered for this study. The heat exchanger from
Anguil costs approximately $47,000 plus $15,000 for installation. The storage tank and piping costs
are about $20,000. There is a 10-12 week lead time on this unit.

C. Option 3: Afterburner Plus Heat Exchanger from Cain Industries

Similar to Option 2, this option adds a heat exchanger downstream of the afterburner. The heat
exchanger recovers the heat to a water loop which distributes the heat to various systems. The heat
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exchanger recovers heat from the exhaust airstream to reduce the temperature down to 605 F. The cost
of the heat exchanger, hot water storage tank, and piping is considered for this study. The heat
exchanger from Cain costs approximately $19,000 plus $8,000 for installation. The storage tank and
piping costs are about $20,000. There is a 9 week lead time on this unit.

D. Option 4: Catalvtic Thermal Oxidizer from Probat

In this Option, the particulates and organics are reduced from the exhaust airstream through a catalytic
process rather than a thermal process (afterburner). Although the catalytic bed must be heated to a
certain extent, the amount of heat added is significantly reduced. The temperature of the airstream is
only heated to 800 F compared to 1200 F for an afterburner. Heat is not recovered in this system.
Rather, the amount of energy input to clean the airstream is significantly reduced. The unit cost is
approximately $85,000 plus installation. The installation cost will be similar to that of an afterburner.

E. Option 5: Self-Cleaning Ceramic Filter from Anguil

Similar to Option 4, the particulates and organics are reduced from the exhaust airstream through a
catalytic process rather than a thermal process (afterburner). Although the catalytic bed must be
heated to a certain extent, the amount of heat added is significantly reduced. The temperature of the
airstream is only heated to 675 F compared to 1200 F for an afterburner. Heat is not recovered in this
system. Rather, the amount of energy input to clean the airstream is significantly reduced. The unit
cost is approximately $95,000 plus installation. The installation cost will be similar to that of an
afterburner. There is a 10-12 week lead time on this unit.

The table below summarizes all of the above Options and provides simple payback analysis for one
roaster.

06-1079 Page 4 PAE Consulting Engineers, Inc.
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III. APPENDICES

A, Coffee Roaster Testing Field Notes
B.  Coffee Roaster Testing Report from Valid Results, Inc.
C.  One-year Utility Bills
D. Cain Heat Exchanger Submittal (Option 3)
E.  Anguil Self Cleaning Ceramic Filter Submittal (Option 5)
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Appendix A: Coffee Roaster Testing Field Notes
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Appendix B: Coffee Roaster Testing Report from Valid Results, Inc.
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REVIEW AND CERTIFICATION

Team [eader:

The work performed herein was conducted under my supervision, and I certify that the details
and results contained within this report are to the best of my knowledge an authentic and accurate
representation of the test program. If this report is submitted for Compliance purposes it should
only be reproduced in its entirety. If there are any questions concerning this report, please

contact the Team Leader or Reviewer at (206) 522-5665.

Thomas Franett

Project Manager

Reviewer:

I have reviewed this report for presentation and accuracy of content, and hereby certify that to the

best of my knowledge the information is complete and correct.

c/@&( U ;@fm

Tracy Prevo

Source Test Manager
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SECTION 1. INTRODUCTION

1.1. Test Purpose

On August 31%, 2006, Volumetric Flow Rate tests were performed on the exhaust of the
Coffee Roaster located at the Stumptown Roasters facility in Portland, Oregon.

Tests were performed with the facility operating at greater than 90% of full load.

1.2. Test Location

The testing was conducted on the outlet of the coffee roaster stack located at the Stumptown
Roasters facility, in Portland, Oregon.

Two sample ports are located 90 degrees apart on the “20-inch* round outlet stack, more than
2 stack diameters downstream from the nearest flow disturbance and more than 0.5 stack
diameters upstream from the stack exit. The stack exit height is approximately 30 feet.

A diagram of the outlet stack is contained in appendix F.

1.3. Test Date(s)
Testing was conducted on September 31%, 2006.

1.4. Pollutants Tested

Table 1.4-1 Emission Parameters Measured:

Parameters | Units ~ Test Methods Replicates | Duration
Flow Rate dscf/m 1,2,3and 4 2 10 Minutes
Where:
dscf/m = dry standard cubic feet per minute

1.5. Sampling and Observing Personnel

Testing was performed by Thomas Franett with Valid Results, Inc. (VR). Mr. Conrad Brown
with PAE Consulting Engineers coordinated the test program.

The Oregon Department of Environmental Quality (ODEQ) was not informed of the test
program at least two weeks prior to testing. No ODEQ representative was present to witness
the testing.

1.6. Other Important Background Information
Flow Rate testing was performed at an operating rate of greater than 90% of capacity.
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SECTION 2. SUMMARY OF RESULTS

2.1. CERMS, CGA and Flow RAA Results
The results of the Flow Rate testing are summarized in Table 2.1-1.

Table 2.1-1 Flow Rate Results

Parameter - Reference Units
Method
Volumetric Flow Rate 727 Dry Standard Cubic Feet Per Minute

2.2. Process Data
No unit operating data was provided.

2.3. Performance Specifications
Testing was not for compliance purposes.

2.4. Comments: Discussion of Quality Assurance and Errors

Quality assurance procedures listed in the above referenced test methods were performed and
documented. ~ The QA/QC procedures are described in Section 4.3 of the report.
Documentation of the QA/QC is provided in Appendix C.

STRO6805 2 : 9/27/2006




SECTION 3. SOURCE OPERATION

3.1. Process Description

The emission source consisted of a natural gas-fired coffee roaster.

3.2. Pollution Control Equipment
The source currently utilizes an afterburner to reduce emissions.

3.3. Operational Monitoring System
No operational data was provided.

3.4. Flow Diagram
A drawing of the stack exhaust is contained in Appendix D.

3.5. Process and Control Operating Parameters During Testing
No operational data was provided.

3.6. Maximum Operating Conditions
During the test program, the plant was operating at greater than 90% of full load.

3.7. Testing or Process Interruptions and Changes
No interruptions occurred during the test program.

STR0O6805 3 9/27/2006



SECTION 4. SAMPLING AND ANALYSIS PROCEDURES

4.1. Port Location

Emissions from the coffee roaster outlet stack were sampled via two horizontally mounted
ports located on the “20-inch* round outlet stack. The ports are located at least two inside
stack diameters downstream and one-half inside stack diameters upstream from the nearest
flow disturbance.

The stack exit height is approximately 30 feet.

A diagram of the outlet stack is contained in Appendix E.

4.2. Point Description/Labeling — Ports/Stack

The stack’s ports were not labeled. The ports were designated as “North” and “East” for
testing purposes.

4.3. Method Description, Equipment, Sampling, Analysis and QA/QC

Sampling and analytical procedures of the EPA Methods were followed as published in the
“Quality Assurance Handbook for Air Pollution Measurement Systems” Volume III, US EPA
600/4-77-027b.

Table 4.3-1 EPA Test Methods:

Test Method | Test Parameter Test Description

EPA 1 Isizrc?z ilznPSoint Up & Down stream distances from flow disturbances
EPA 2C Outlet Flow Rate | Standard-Type Pitot Tube & Type-K Thermocouple
EPA 3 Molecular Weight | 3 thirty-minute ORSAT runs

EPA 4 Moisture Content | 3 thirty-minute runs, HO impinger weight gain

4.3.1 Selection of Traverse Points

EPA Method 1 was used to determine the location of sample points for molecular weight,
moisture and volumetric flow rate sampling. Flow rate was tested from two sample ports

located 900 apart on the main exhaust stack. The specific number of sample points used at
each location was determined by the number of equivalent inside stack diameters that the
sample ports were located from the nearest upstream and downstream flow disturbances. The
number of points used and their location are provided in Appendix A.
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4.3.2 Stack Gas Velocity and Volumetric Flow Rate Determination

EPA Method 2C was used to determine the outlet stack gas velocity and volumetric flow rate.
Pressure and temperature readings were taken at the sample points determined by Method 1.
Pressure readings were measured using an Standard-Type Pitot Tube and an inclined
manometer connected through quarter inch tubing. Pitot tube leak checks were performed
before and after every test run. The stack gas temperature was measured using a calibrated
type-K thermocouple attached to the Pitot tube to provide the sampling point temperature
simultaneously with the velocity measurement. The stack gas static pressure was measured
each test run. The other data necessary for the calculation of the volumetric flow rate are the
barometric pressure, moisture content of the stack gas, and the stack gas molecular weight.

4.3.3 Molecular Weight Determination (Oxygen and Carbon Dioxide)

EPA Method 3 was used in order to determine the concentration of O, and CO, in the stack
gas. Integrated bag samples were collected concurrently with the moisture test and analyzed,
within 8-hours of sample collection, using a Fyrite apparatus.

4.3.4 Percent Moisture Determination

Modified EPA Method 4 was used to determine the moisture content of the stack gas. The
stack gas moisture was estimated from the stack gas temperature. Normally, a condenser
assembly comprised of four glass impingers set in an ice bath is used to extract and collect
the moisture from the effluent gas sample. The first and second impingers each contain 100
ml of de-ionized water. The third impinger is tare weighed and left empty to collect any
potential condensate carryover, and the fourth impinger contains a pre-weighed amount of
silica gel to act as the "absolute" collector of residual condensate.

A known volume of effluent gas is passed through a stainless steel probe into a condenser
assembly for a specific period of time. After completion of the extraction, the amount of
liquid (condensate) in the impingers was measured gravimetrically and the net weight gain
determined. The total condensate gain of the condenser assembly is then determined and
recorded along with the calculated volume of gas that was directed through the system. The
subsequent moisture content of the stack gas is then determined from these collected
variables.

STRO6805 5 9/27/2006
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VALID RESULTS, INC.: EPA Method 2 Volumetric Flow Rate Determination

Client: Pae Engineers{Barometric Pressure (Pbar): 30.15{Pitot Tube Coeff. (C,): 0.99
Date: 8/31/2006|Standard Temperature (tstd): 68]% Oxygen (%0,): 14.2
Operator: TRF|Standard Pressure (Pstd): 29.92|% Carbon Dioxide (%CO,): 2.6
Plant Location:  Stumptown Roasters|Stack Static Pressure (Pstatic): -0.634|Moisture Content (%H,0): 24.0
Source: Roaster{Fuel Type: Mixed|Stack Diameter (D \D,): 20.00
Run# 1 Time: Load: >50%|Stack Area (A,): 2.182
Port ID# Point # % Stack Port Probe Cyclonic | Pitot Tube | Stack Temp.

Inside Diam. Depth Marks Zero Angle (AP) (T,) °F V(AP)

N 12 2.1% 2.5 2.9 <5 0.030 1155 0.173

11 6.7% 2.5 3.8 <5 0.039 1167 0.197

10 11.8% 2.5 4.9 <5 0.041 1180 0.202

9 17.7% 2.5 6.0 <5 0.052 1202 0.228

8 25.0% 2.5 7.5 <5 0.048 1201 0.219

7 35.6% 2.5 9.6 <5 0.047 1192 0.217

6 64.4% 2.5 154 <5 0.050 1199 0.224

5 75.0% 2.5 17.5 <5 0.053 1198 0.230

4 82.3% 25 19.0 <5 0.045 1215 0.212

3 88.2% 2.5 20.1 <5 0.033 1221 0.182

2 93.3% 2.5 21.2 <5 0.036 1217 0.190

1 97.9% 2.5 22.1 <5 0.028 1206 0.167

E 12 <5 0.020 1212 0.141

11 Probe Marks <5 0.029 1223 0.170

10 Repeated <5 0.032 1224 0.179

9 <5 0.038 1232 0.195

8 <5 0.042 1232 0.205

7 <5 0.040 1206 0.200

6 <5 0.040 1191 0.200

5 <5 0.043 1196 0.207

4 <5 0.041 1203 0.202

3 <5 0.041 1211 0.202

2 <5 0.035 1216 0.187

1 <5 0.038 1210 0.195

<Average> <1204.5> <0.197>

Molecular Weight Dry (MW y) = ((0.44*(%CO,) + 0.32*(%0,) + 0.28%(%CO + %N,))

MWy = 28.98 Lb/Lb-Mole
Molecular Weight Wet (MW) = (MW 4)*(100-%H,0) + 0.18*(%H,0))
MW, = 26.35 Lb/Lb-Mole
Stack Pressure (P,) = (Pyay + (Pyatic/ 13.6))
P = 30.10 Lb/Lb-Mole
Stack Gas Velocity (V) = (85.49"Cp“(\/(AP))"(\/((TS + 460)/ (PSMW,)))
Vs = 24.15 Feet per Second
Corrected Stack Gas Volumetric Flow Rate (Qgcor) = (60%((100-%H,0)/100)*V* A ((Tgq + 460) / (T + 460))*(Ps/ Pya))
Qstcom = 767 Dry Standard Cubic Feet per Minute

Actual Cubic Feet per Second = 60*V *A
Qstactual) = 3,161 Actual Cubic Feet per Minute

STRO6805 A-1 972712006




VALID RESULTS, INC.: EPA Method 2 Volumetric Flow Rate Determination

Client: Pae Engineers{Barometric Pressure (Pbar): 30.15|Pitot Tube Coeff. (C): 0.99
Date: 8/31/2006{Standard Temperature (tstd): 68|% Oxygen (%O,): 14.2
Operator: TRF|Standard Pressure (Pstd): 29.92|% Carbon Dioxide (%CO,): 2.6
Plant Location:  Stumptown Roasters|Stack Static Pressure (Pstatic): ~-0.634|Moisture Content (%H,0): 24.0
Source: Roaster|Fuel Type: Mixed|Stack Diameter (D \D,): 20.00
Run#: 2 Time: Load: >50%|Stack Area (A,): 2.182
Port ID# Point # % Stack Port Probe Cyclonic | Pitot Tube | Stack Temp.
Inside Diam. Depth Marks Zero Angle (AP) (Ty) °F V(AP)
N 12 2.1% 2.5 2.9 <5 0.023 1212 0.152
11 6.7% 2.5 3.8 <5 0.034 1219 0.184
10 11.8% 2.5 4.9 <5 0.042 1223 0.205
9 17.7% 2.5 6.0 <5 0.033 1232 0.182
8 25.0% 2.5 7.5 <5 0.037 1228 0.192
7 35.6% 2.5 9.6 <5 10.041 1221 0.202
6 64.4% 2.5 15.4 <5 0.043 1206 0.207
5 75.0% 2.5 17.5 <5 0.030 1211 0.173
4 82.3% 2.5 19.0 <5 0.028 1217 0.167
3 88.2% 2.5 20.1 <5 0.024 1203 0.155
2 93.3% 2.5 21.2 <5 0.023 1195 0.152
1 97.9% 2.5 22.1 <5 0.019 1206 0.138
E 12 <5 0.033 1188 0.182
11 Probe Marks <5 0.039 1196 0.197
10 Repeated <5 0.045 1203 0.212
9 <5 0.041 1214 0.202
8 <5 0.033 1229 0.182
7 <5 0.026 1222 0.161
6 <5 0.030 1231 0.173
5 <5 0.033 1219 0.182
4 <5 0.028 1207 0.167
3 <5 0.025 1222 0.158
2 <5 0.031 1228 0.176
| 1 <5 0.022 1212 0.148
<Average> <1214.3> <0.177>
Molecular Weight Dry (MW ) = ((0.44*(%CO,) + 0.32*(%0,) + 0.28*(%CO + %N,))
MW, = 28.98 Lb/Lb-Mole
Molecular Weight Wet (MW ) = (MW )*(100-%H,0) + 0.18*(%H,0))
MW, = 26.35 Lb/Lb-Mole
Stack Pressure (Pg) = (Ppar + Petaric/ 13.6))
P, = 30.10 Lb/Lb-Mole
Stack Gas Velocity (V) = (85.49“CF,"(\/(AP))"(\/((Ts +460)/(P;MWy)))
V= 21.78 Feet per Second
Corrected Stack Gas Volumetric Flow Rate (Qg(corm) = (60*((100-%H,0)/100)*VFA* (Tgq + 460)/ (T + 460))*(P5/ Pya))
Qstcorn = 688 Dry Standard Cubic Feet per Minute
Actual Cubic Feet per Second = 60*V *A,
Qsactual) = 2,851 Actual Cubic Feet per Minute
STRO6805 A-2 9/27/2006
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VALID RESULTS, INC.: EPA Method 2- Volumetric Flow Rate Field Data Sheet

Clientrmﬂf/ @Jﬁlf\ligﬁ_Q Harometyic Pressure (Py,): Zp.15 |Pitot Tube Coeff (C): 0.84
Date: 5/2 { /0 2 Standard Temperature {t): 68]% Oxygen (%0,):
Olperator: :ITZ-\C Standard Pressure (I,,): 29 921%, Carbon Dioxide (FaCU,):
Location STUmPrew/~) Bod<sTes |Stack Static Pressure (M) Moisture Content {%H,0):
Source: EoagTE F— Fuel Type: Stack Diameter (DAD,): -Zo"
Run®s f Time: Load Roting: Pre-Test Pitot Tube Leak Check:
PortiDn | Poinl # % Slack Port P'robe Cyclonic | Pitot Tube } Stack Temp.
Inside Diam. Depth Marks {Zero Angle]  (AP) (t) °F VAP
N 12 Z7.5% 170 §.07%0 <&
Ll Zl\bo 0.039 | 1l
o 70 A4 o.oU| 1\ &0
T 184k 0052 | |Zo7
) 175 o.0M | (2o
=+ 15-3% p.o43| 1\ 92
b 9.7 0050 w19
S 1.5 053] 119%
A -0 045 17215
3 4.8b 0.0%3% |72
7 2.¢5 093k | |7 13
! 1AL V.07% 1200
173 I ©.020] 717
L H.0L4| 1727273
1o p.022l 1274
A A-DVEL L2
i p.oq1] 12% 2
- 1 p0d0| VOl
b v-odb| 1V L
< p.od5l 11 b
Y p.oql | 12673
B p-odt ]2t
Z O 0% 1714
\ 6.0%%| | Z.\0
<Average> [ Post-Test Pitol Tube Leak Check: v b o
[Molecutar Weight Wet (MW,) = ({0 44*(RCO,) 1+ 0.32°(50,) + 0 28 (OO 1 %N (100-06H,0) + 018 (H,0)
MW, = [bs/1b-mole
Stack Gas Velocity (V,) = (8549 C VAP (VL + 4601/ (P, + Poane/ 13.6 MW,))
V,= feel per second
Corrected Stack Gas Volumelric Flow Rate (Quum) = (60 ((100-% H,O) £ T00) V., * A ((Hyy +460) /(1 + A60NHP. /P,
Qo = standund dry eubic feel per minade
Sctual Cubic Feet per Second (Q ) = (A0FVA)
Ot = avtial cubic frel per e

STRO6805 B-1 9/2772006




VALID RESULTS, INC.: FPA Method 2 - Volumelric Flow Rate Field Data Sheet

Client: W{f/ D\R&\(.\\E@ﬁg Raromelric Fressure (I,): o .y & |Pitut Tube Coelf (Cp): 0.84
Date: g/g\ /15 \g Standard Temperature (k,): 68]% Oxygen (%0,):
Operator: 124 Standard Pressure (I,,): 299219 Carbon Dioxide (faCU,):
LocatiunimMP'mpr BTy § |Stack Static Fressure (P .): Moisture Content (5H,0):
Source: ZsANSTE R Fuel Type: Stack Diameter (D,A\D,): Zonw
Run® Z- Time : Load Rating: Pre-Test Pitot Tube Leak Check:
Port 1D | Point # % Stack Port Probe Cyclonic | Pitot Tube | Stack Temp.
- Inside Diam. Depth Marks |Zero Angle]  (AP) {(t)°F VAP
— = Z7.0 U075 | 112
L0 2\ 0.03M | 1219
lo 70, |4 p.oMT| 1123
3 1% A0 0% | 17 %7
2 %S 0% |772%
=y 1235 009l | [727]
b bl v-of3 120V
< F.5 p-07306) 120
9 .o 0-016| 172.17F
z Y.9t 0-024| 17.6%
z Z.gu -01% 1%
! 7417 0-°1]| 170,
e 17 0.03%| L D%E
1 v. 03] I/l
= 0045|1203
T p.oqrl i
% p 83%| VT
I p.olk| VL2 T
7 ©-0%0| 173
S 00323 17219
Y 0. 2% 1707
5 0-0LS| ITZZ
7. 0051 | VT D
[ 0.072L\2 1 Z
<Average> o Post-Test Pitol Tube Leak Check: \/ o
Molecular Werpht Wet (MW,) = (0440, 4 D.22HG0,) + 0 2B5(ECO 4 SN (1009 HL,O) + DA (i,
MW, = Ihe/1b-mole
Stack Gas Velacity (V,) = (85 49°C, ' (VADY (V{1 +460)/((Pye + P/ 13.6) MWL)
V, = feet per second
Corrected Stack Gas Volumelric Flow Rate (Q,um) = (60*((100-7H,OY/ 100V, A (L +460)/ (1 + 46MY(P./T,.))
Qe = standnrd dry enbic feel per niinule
Actual Cubic Feet per Second () = (RD*VA)
Qo = petund cubiv fict peeminede

STRO6805
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VALID RESULTS, INC.: Type-K Stack Thermocouple Calibration

Date: 4 14/ o
Operator: TN EAL
Reference Thermometer: OGAEGA Ci- 4727
Barometric Pressure: Lo, w
Thermocouple ID Identification  Reference Point TC Reading Ref Therm Reading Ditference % Difference
Pre-test °F °F
Ice Water Y 75" e

£10 5L Stack Ambient L2 ¢y B

’ Boiling Water AR FA [ i
Thermocouple ID Identification Reference Point  TC Reading Ref Therm Reading  Difference % Difference
Post-test

|

B _ | _

*+/-10% absolute measured value

9/27/2006
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Sample Train Diagrams
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Stumptown Roasters Study Report
Process Energy Recovery October 13, 2006
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May

June

July
August
September
October
November
December
January
February
March
April

May

June

- July
August
September
October
November
December
January
February
March
April

Use Cost  Avg Price
2008.8 $1,580 0.786315
1990.9  $1,652 0.829831
1669.9 $1,387 0.830601
1787.5 $1,484 0.830288
1944 $1,613 0.829923
2029.4 $1,881 0.927097

- 2041.1 $2,036 0.997379
12900.2 $1,896 0.997669

$ 2186.2 $2,180 0.997118
2003.9 $1,999 0.99745
20980.5 $2,085 0.997288

23922 2269.6 $2,263 0.996986 $22,055

2161.1 $2,038 0.943172
2348.7 $2,341 0.996866
2451.6 $2,444 0.996725
2295.5 $2,288 0.996946
28914  $2,880 0.996227
2633.8 $2,883 1.094719
2643.4  $3,062 1.158266
. 2853.9 $3,305 1.158043
3080.3  $3,566 1.157839
2758.5  $3,195 1.15814
3282.2 $3,800 1.157678
32351.8 2951.4 $3,418 1.157952

$35,221
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Boder Loonomizer Sy

o

COMPANY :

stems + Gas & Diesel

cain

ste Heal Transfor Products To Save Energy’
Cogeneration Systems - Fume incineration Systems
Exhaust Steam Generators - Fined Tubing

industries

TRANSMITTAL COVER SHEET

ineers

ATTN:

Ruwan umvaw erd

PHONE NO:

-226-2921

ruwaniidpas-enginesrs. com
10/11/7200¢

FAX NO:

¥

IN:

503-226-2930 Phone Inquiry

PAGES:

Fax Er:J“ ry

SUBMITTED BY:

fa N § i Fanae

JUUUSEN ) NS SN S _—

SUBJECT:

REFERENCEH

MESSAGE

Led.

zjfl

‘ f“uféﬁ pr
ned

S0 B 1849 - W 104 NTIR2E McCormick Dir - Germantown, Wi 53

- ai::

or payment

8 (including cover sheet) Mail Inquiry
X1 E- vai?
Jim Rozanskd QuT:
) [ ] Fax Qut & File
Stumptown Coffee Roasters - Heat Recovery [X] Fax, Mawi, File
[ ] Maitl, File
99308 Rev, 1 (Cain computer printout) ] lVEPJ] TE, File
X7 E-mail

(}ejJH find your proposal attached.
: :

owing through the economizer at all times that the

i
o
i

W“HM

Pkt

ice is f.o.b. Cain Indus i“
But. #?SBGO for payment te
m jﬂ(fﬂ mately 8-9 w@ﬁkc fde tal approval.
Sale, Bul. #25500, form part xr thiz proposal. See thi

L;*?"ED.S .

032 - 2622510051 - BOO-SBE-B850 - FAX. 262-251.0118 - sales@Caining com - waww. saiing oo
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“Manfacturing Waste Heat Transfer Products To Save Enerqy” caln

i
Boder Economizer Systerns - Gas & Diesel Cogeneration Systems - Fume Incineration Systems
) 8]
Exhaust Steamn Senerators - Finned Tubing

industries

Incinerator Exhaust Fconomizer
** Water Loop Heater **

Ref#: 00-99308
Date: 10/11/06
“age: 7

Revi

Quotation: ) N
qry. PART # HotM SESCRIPTEDN

1 _ﬁaH ITR- 1

© o
=

P —
Lo
¢y
:

nnnnn

TG
Y
O
mS
N

(4'

- INCLUDT G°

31655 Tube w/304SS Fin
Compression Fitted Fintubes
High Alloy Internal Bypass
High Alloy Interior

10ga. Carbon Steel Exterior
Inspection Door, (+ub replace)
Threaded Drain & Vent Conn.s
FQrd(ﬂa@ te Drain uatvh A;sy.
ASME Stamp-SEC. VITL:DIV. I: (UM
6" Thks. fdhtﬂfy LFEUxatéOﬂ
Hirnged Acc $S Door

Lig. Temp. Ctri. Assy. Elec.

3/4 NPT ASME Relief val:150pS]
T METER.5"Dial 200- mno'if
3'Dial, bimetal 50-200 w/wel]

TOTAL PRICE. ... ... §18.981.00

\NVUAL R TURN ON INVESTMENT .. % Y

b YEAR SAVINGS ..o oo $ 87.496

jﬂ VEAR SAVINGS. .. ..ol $ 174,95
PAYBACK PERICD, MONTHS. ... ......

¥erm5 of ale
¥ 5 -4 week s

3@ﬁu€ﬂ See Bul. #255@@
T 25500 including "Warranty and Performance Guarantee

%epresentdt1ve

) e
Y H L o
e % };:’}fs/}» 7
! )

ir ( Jim ho7ch3£1’
s kEin Industries

B0 Bow 188 - W64 RIT626 MeCormick Dr - Germamtown, W1 53022 - 262-251.0051 - 800-558-8600 - FAX Z62-261-0118 - sates@oarnd com  wwa saining oo
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Gspire WWacks Mot Temerefor Predomba T $oarme Dt
whuring Waste Heat Transfer Products To Save Eneray ca.n
Baiter Economizer Systems - Gas & Diesel Cogeneration Sysiems « Fume Incineration Systams
Exhaust Steam Generators - Finned Tubing

industries

[ncinerator Exhaust Economizer
* Water Loop Heater **

Ref#: 00-99308
Date: 10/11/06

5
o X

)
(D
I

’)t mpt (offeﬁ Roasters Attn: Mr. Ruwan Jayaweera
C/o #A' (OH%Q ting Engineers Ph: (503)226-2921
808 SW 3rd Av.. Suite 300. Portland, OR FAX: (503)226-2930

System Description:

Catn Industries 1s pleased £o propose the 10 zﬁw*ng replacement TR mode]
exhaust economizer to recover exhaust heat from an incinerator. This
recovered heat will be transferred to g WdLer Lvr

The TTR model features: individually removable, type 316 stainless ste

tubes with stainless steel fins: a stainless steel. internal, exhaust

IYpass able of reduci ng heat recovery xp to 50%); a stainless stee
N, 6" of f;zlory insutation (less liquid headers and ste

ers): a L0 gauge carbon steel exterior: a hinged., full fac

r Tor inspecting and/or cleaning the finned tubing; and & condensa

ATT of the ITR's water side surfaces are stainless steel.

The Liguid Temperature Control Assembly (LTCA) automatically modulates the

internal exhaust gas bypass LL C mvrul the tomoﬂrafjre of the heated water

~'raw'ng; the heat exchanger. A desired n xamum temperature is entered on the

”fqu indicating controlls The con ﬂllﬂr has a continuous temperature
ay. The internal exhaust gas byﬁdS an reduce heat recovery up Lo

=z = ‘.ﬁ ﬂ?

o
. toa _
H%: nore heat needs to be removed from the water loop, a trim radiator
or sgme other means of removing heat from the loop must be added by others
Water must be flowing through the economizer at all times that the

is firing.

The annual operating hours and
gas were assumed. It was gl

r CObh per therm (100,000 Btu) of natural
{ als g
y the water loop 15 80% effic

od that the fuel fired source of heat

PO Box 18R - W84 NTEEE MeCormick Dr - Ganmantown, WE 53022 - 3622410051 - 800-588-8680 - FAX: 2822510114 - sales@oainind. com - www caining com
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Boiler Ecoromizer %y%tew - Gas & Diesel \Logenmauov Systems - Fume Incineration Systems - w
e e Eirmed Tubing industries
Exhaust Steam Generators - Finned Tubing

Incinerator btxhaust Lconomizer
** Water Loop Heater **

Refd#: 00-99308
Date: 10711706
D@g :

Re

Waste Heat bxhaust:

Primary Fuel Typﬁ Natural Gas
Exhaust Gas Flow D1 rwgtwar Vertical

Heat. Source ae\cr DL [ncinerator
Heat Sink Descr IDE?D Water 1oop

Model: TTR-124C265S5S
Overall Configuration, inches 51x49
Overall Height, inches 41 .40
Liauid Connection 2
Exhaust Connection 2Ax24 c a i n
D v wezqk 1bs. 1020 industries
i o e A 182 Heat Recovery Systems
sure. PSIG 150
':‘c Test Pressure, PSIG 225
@ Des Temperature, 'F 650
Max fmu m L.tﬂ ring Temperature, 'F 1300
Performance:
Fuel to Output Efficiency. ¥ 50 ¥
Exhaust Flow Rate, SCFM 700
Exhaust F"T@riﬂg Temp. 'F 1200°F
Exhaust Gas Leaving Temp. 'F h05'F
Fres ; ge Urup "W .C. Max, .05
1 w e GPM 50
ing Temp. 'F 140°F
wnu Temp. 'F 158.47F

z
WOD “CEG 0.13
& /

S5avings:

Heagt Saved., { x 100,000 BTU/hr ) h.677
Fuel Cost per 100,000 BTU: 1.76
Annual Hours of Operation 2080
Savings per ndd 3 17499
ﬁNﬂlA SAVINGS . ... . .. ] 17,499

m) Ruv 188 - Wina *Jﬂam r\awormfak Or. - Germantown, W 53022 » 262.261.0061 + 800-558-8890 « FAX. 262-251-0118 - sates@hoammid oo - www camirad som




SUBMITTAL

4C2bwbn C/0: Cain Industries

‘1/06 REF#: 99308 FOR: Stumptown Coffee Roasters
”i
- Incinerator

Bul.# 10411

TICTION | 1T
CLDED EXTERIOR ' ITR
VERTICAL SERTOE
. EXHAUST FLOW PERFORMANCE
’F‘x Pu} ‘x {}{‘K AND
DIMENSION DATA
NOTES:

* LIQUID CONNECTIONS

2" OR LESS = NPT A 1200°F
B. 6H05F
==sFINTUBE MATE ; - e
FINTUBE MATERIALS: 4\_;\ 15{{} F
TUBE TYPE: 3 TEQD
CARHON STEEL D ldgﬂr
TP316 STAINLESS £ B1x44
| DUPLEX STAINLESS | | ¢ 41 40"
FIN TYPE: G. 2" CONN
| CARBON STEEL Wy SAIAT P
TPS04 STAINLESS n. 4a ;’; f CONN.
ALUMINUM 1020# WGT
187 H S
METHOD OF ATTACHMENT: e Eil‘:’,:\
_COPPER BRAZED 150 PSIG
NICKEL BRAZED 1300 TEMP.

WELDED
 ALFUSE

9. CAIN IND, LOGO & SERIAL

1 GE CONM HON:
LOPTIONAL)
P
g es Fin TURE
RN MANIFOLD, LOW
14, "‘(AH ;
) ATE DREAIN
¢ - 5. STON FITTH
1 - Lo i;{ fon I
LIQUID OUTLET f , ,* 3/4 NPT D 4
('E)NNLCT[ON . L VENT
E) i i 15} e -
b v
= S R A T ! . ST M S
| E
: o
N B
\ aen L E 1
\ -5 oY i
i Pooee | .
B y !
/ . N/ i
e . - e

H?‘Hﬁﬁﬁ?ﬂ‘lﬂﬁ“&u

i =
3 | 3.
; o %
i/’ o T
c U EXHAUST
L = FLOW ;
LIGUID INLET 1 CLEARANCE
CONNECTION : :

PINDUSTRIES e PO Box 189 W94 NT182E MeCormick Drve  Germantown, Wi 83027
-0051 (800 555-B880 Fax (262) 2810118 satesoanind.com W CEITing.com




SUBMITTAL

LIQUID TEMPERATURE CONTROL ASSEMBLY

NOTE:

; COMNECTION mm, mM IS e Bul. #1104
INTHC :

i1
N AWING PRO

(THERMGCOUPLE SENSING MAXIMUM

URCHIDH BERFLAY D RESEY L SEY up

HIRIN ,»*'. -‘C'MD TAE’"!U: THE DAMPER WILL BE POWERED TO THE R
\O‘v"xiu.} .'LL.L\’}{FC POSITON'.  AS THE LIQUID "YI"MPF ATURE R o
APPFROACHE & PRESET POINT, ; i

DAMPER WILL BEGIN TO M(
’f‘E‘I:’)N‘ A8 THE ;

EU "’H” TEMPERATURE \,()NTI’"‘(JI
SATISFIED THE DAMPER
N E(J’JH(} 4o BYPASSING
: w(}”"” LOO% BYT
CONTACT WITH

' PEEATURE ¢
MAXIMUM
SSIBLE

CESTRUAL

: S AN POS
CANNOT BE wmmﬁ:i} BUE TO
FIN TUHRING).

i;%

LIGUID INLET
CONNECTION

; T .
% - , =
‘g i o e
& 2 &
i : &
M . : % )

G e

5
e
R G R SR RS

o

N

| e P P

EXHAUST FLOW

g1

1
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|
1
¥

5

26 MoCormick Dirive  Germantown, W1 83022
S311e sales@hoaind com W camrg com
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TERMS OF SALE

cain

industries

The terms of the attached Limited Warranty are included in these Temms of Sale
andd gre incorporated by reference berein. The foflowing Terms of Sak” forms as
a part of the Cain Industries equipment proposal as attsched herein. Al proposed
pricing is quoted FOB, factery. All pricing s quoled in U S, cwrrenoy

QUOTED DELIVERY TIME: .

Detivery imes quotad are approprate far vanous protuct ines, and based on coodi-
tons at the tme of quatation. Cain Indestrigs, Inc will | in good faith, attempt 1 deliv-
ey the enuipment vithin the fime quated. In ne case shall Cain industies, ine be lable
for yiokiental o consequential damages resulling from failure to mest requested of
quoied delivery schedules  Quoted delivery time i3 based from the date of receipt of
an approved wotten purchase order including wiitten authorization (o procesd with tab-
rication and the initial down payment If required. or from date of receipt of submittal
drawings wihen requirsd (less 10 working days).

OFFER EXPIRATION:

All offers expire 60 days from the quotatl
iect to cancellation by Cain industries. |r
of aur ofier to furnish equipment quelsd

date unless otherase stated and are sub-
at any tirme pricr (o the formal asceptance

SUBMITTAL DRAWINGS:

Subrattal drawings are issuad 510 working days from recept of written purchase
order, when tequired by either Galn Industnias andior the Buyer, and must be relurned
tmarked “Approved for Productian”, signesd, and dated) in order to initiate production.
Production cannot begin until the approved submittal drawings are retumad

SHIPMENT OF GOODS:

Uniess othenwse specifically agreed, afl shipments are made F.O.B. Factory via "bes!
way” and shipped freight coliest  Cain industries Inc responsibiity ceases upon
acceptance by the carier. SHOULD GOODS BECOME LOST OR DAMAGED N
SHIPMENT, THE PURCHASER OR RECIFIENT OF THE GOODS MUST IMMEDL
ATELY ROTIFY AND PLACE CLAIM WITH THE CARRIER ADVISE CaiM INDUS-
TRIES, INC. OF ANY DAMAGE OR DISCREPANCY AND OBTAIN AUTHORIZATION
FOR RETURN OR REPLACEMENT. As a counesy. Cain Industrias Ing. will asaist in
rating ant recpvering lost goods and the collection of just claims, but cannot guaran-
ten safe detvery, Loss or demage in shipment does not release the purchaser from
payment of e total invoice

PAYMENT-EETABLISHED ACCOUNTS:

Paymente for estshiished acoounts wilh a credil limit are due on or before the Net 30
days from date of invoios dus date. and colncidng with shipment date andior reatly
for shipment date’ '

EXPEDITING:

Expediting charges may be ssusd in order 1o improve dedivery depending on the shart-
er delivery lime required. Contact Cain Industries far pricing for the best possible
distivery

STORAGE:

Whien the squpmant is ready for shipment, iU will be shipped to the ship ' address
noted on the Sales Order. unless other wise ndicated Should there be 8 request i
held the equipmant bayend the ready for shipment date’, Cain will store the equipment
for up to 3¢ days at no cost providing storage space is available. Contact Gain
30

industries for storage costs when equiprment s expected o be stored o more !
days H storage spacs s enavailable the buyer agrees 1o make pravisions o
the squipment when it becomes ready for shipment

MINIMUM BILLING: )
The mmimum order {3 $100.00. plus shipping costs

CREDIT LIMIT:

Accaims over credit imitwill be ona "Cash with Order” basis until acoount is brought
o below "Credit Limit” status Special circumstances may occur where credit limits
may be adjusted for companies with past credit history satisfactory to Cain Indusiries,
i

TAXES OR SURCHARGES:

Quoted prices o not include sales, use. excise, cooupation, processing Fanspartation
or other similar laxes which Cain indusiries, Ine. may be required to pay or collest with
respect to any of the quoled matenais  Such taxes which are or may be incurred shall
be pad by the purchaser

PAYMENT-NEW ACCOUNTS:
A onifist purchase order recaived from a
ment with ibe order, racepl of the comg

iew account shall require 8 50% down pay-
izted credit appheation for immediate process-
a2 and the balance due pood o shipment, or 20% with purchase order and receipt of
the compietad credit appiication {order will be held until cradit fimit has been estat-
fiahed} i confunction with ceedlt Bmit andios progress payren! sehedules Allow s 3
week processing period o comiplete the credif chack

PAYMENT-ORDERS QUTSIOE THE UNITED STATES:
for purchase ofders received whetein the the final installation andior the Buyer i
located ouiside the United States, payments shall be mads aceording to the guids fnes

Byl 28800

Pasiv b

as setforth herein. s recommendad that a Letter of Cradit be created and issusd with
the purchase oraer for immediate arder processing. All costs associmad with interma-
flonal payments such as but net imded to: proforma invoicing, [Biter of oredit, agenis of
regord processing, currency adjustments, tariffs and speciel taxes. elc shall be the
rasponsibiiity of the purchaser. Al payments shall be made m U S currency and shalt
De paid in {ull pnor w shipment outside the Uniled Sistes

SERVICE CHARGE:
A 2% per month service charge wil

sed on 3l past dus amounty

PROGRESS PAYMENT SCHEDULES:
The following are paymant schedules for orders exceeding credit limit
» For purchase orders of 25,000 to $50.000 .
-30% due with purchase order
-30% due at 45 days from receipt of approval drawings
-Balance due 30 days from shipment
= Over $50,000 or required for the ESG product anfers
~15% due wilh purchase arder
~15% due with submittal approval drawings
-30% due 45 days fram recaipt of approved sutyniltal drawings
-30% due pnor to shipment
-Balarice due 0 days from shipment

OEM QUANTITY DISCOUNTS:

o« A {5-81 Total Discount Each 8%
B {10-19} Totat Discount Each 13%
v (20-43; Total Discount Each 17%
0D {50-94) Total Discouwrt Each 20%

OQEM DISCOUNT PROVISIONS:

OEM discounts afe applicabie gnly (o the fliowing pr s ines: Finned Tubing, M. B-
Series, FCR, UTR, & HRSA. OEM pnang Is applicable only to a par modal number
quantity, per written purchase oider A shipping release schedule must also be inciud-
ed a5 required: Release dates for multiple unit arder must fatl within (1) year from date
of purchase order 1o hoid currert OEM pricing. Individual invoicing for multiphs unit
releases begin at Vltem A" of the quantity discount schedule and prorate through 1o the
fotal quantity ardered as nated an the Sales Order acknowledgmant. Minimum release
for quantities C through O per shipment is (18} units.  Special nrototype ordar delivery
requitemants avalable upon regquast.

CANCELLATION AND GHANGES:

As many Cain Industries. Inc. products are manufactured andior adjusted "o order”
arders accepted and acknowiedged by Cain industries, fnc. are nol subject to change or
canceliation without prior consent of Cairt Industries, Inc. Qrder quantity reductiong or
cancellations, f granted, will be sublect to cancallation charges consistent with compo-
rents "rastockability versus made to order spacificalions” percent of production comple-
lion, etc.

EQUIPMENT STARTUP & SERVICE:

Fricing for equipment requiring startup or service: 5900 per day for installations located
within the continental United States; $1000 per day for installations focated within the
North Amerinan Continent, 1200 per day for all other installation lucations. Travel, todg-
ng. and subsistence expenses.are m addition Startup can only be initiated upon receipt
of completed Pre-Smriup furm ESG & ESGT boier starlups must be complated by
authorized Cain personnel fo allow the warranty (o become effective, uniess other-
wise stated in a writen agreement issued by Caln Industiies o the Buyer.

RETURN OF GOODS FOR WARRANTY REPAIR,

REPLACEMENT, OR CREDIT:

Authorizalion to return goods for any reason must be obtained from Cain industries, Inc
prior to the return of the shipment being made, All ltems etumed for repatr, replacement
or credit shall be returned freight prepaid. Freght collect shipmends will not be accept-
ed A 30% "minimure’ restocking charge will be made on all tems returned for credit
Canceliation andior restacking charges will apply o the balance of the arder pending
with @ maximum of 90% as determined at the poist of cancellation dependent an the
work in process  Quardities shipped prior to the point of cancallation shall be issued an
auditional invotce for the difference in price breaks between the original guantity ordered
and the total shinped up to the point of cancetiation

PROPRIETARY DATA:

Alf manufaclunng drawngs. specifications and fechnicat malerial submilted by Can
Industnes. Inc. are the property of Cain industries, Ino. and are to be considersd as con-
fidential. Except for its ooginal intent the subrmittal information supplied Herem atlached
cannct be copled. transferred, or used in any way without the express written authori-
zation from Cain Industes, Inc

LIMITATION OF REMEDIES:

Gairr's fiability 15 limited exciusively to s obligations under the altached

Limited Warranty, the terms of which are incorporated by reference herein.  Buyer
agrees that in no event will Cain be fiable for cost of processing, Ioss of profits, or any
other eonsequential or incidental damages or cost of any kind resufiing from the order
and or use of ds product, whethar arising from breach of warranty, ron-conformity o
order specifications, delay in delivery or any othar Ipss sustained by buyer

Cain Industrigs, inc. PO Box 182 Germantown, Wi 53022 » 262-261-6051 « BOU-558-8600 » 262-251-0118 Fax » sales@cainind com

@ 2005 Cam industiss, Ino
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LIMITED WARRANTY AND PERFORMANCE GUARANTEE

Cain Industries, inc. warrants all products manufactured to be free from defects in material or workmanship
under normal use and conditions for a pericd of ene year from the date of startup or 18 months from date of
shipment from our factory whichever accurs first, Cain Industries liabitity under this warranty io the buyer
shall be limited to Cain's dacision to repair or replace, all its factory ilems deemed defective after inspection
at the factory or in the fisld  When field service is deemed necessary in order to delermine & warranty claim,
the costs associated with travel, lodging, ete. shall be the responsibility of the buyer except under prior agree-
ment for a field inspection. All warranty claim requests must be initiated with & Material Return Autharization
(MRA) number for processing and tracking purposes. The MRA number shall be issued to the buyer upon
Cain's receipt of a purchase order for replacement component(s} required immediately and prior to warranty
claim approval andlor a field inspection. No agent or employse of Cain Industries, Inc. has any authority to
make verbal representation or warranty of any goods manufactured and sold by Cain Industries, ing. without
written authorization signed by an executive officer of Cain Industries. Inc. Cain Industries, Inc. warrants the
equipment designed and fabricated to perform in accordance with the specifications as stated in the propos-
al for the equipment, and while the equipment s in new and clean condition and properly operated within the
spacific design limits for that equipment. Shouid any piece of equipment designed by Cain Industries. Ine.
not meet performance requirements when determined by standard test procedures, Cain will make correc-
fions it deems necessary at its option under the limitations of this warranty. Any alterations or repair of Cain
aquipmant by parsonnel other than those directly employed by Cain shall.void this warranty unless otherwise
stated under a specific written guideline issued by Cain Industries to the buyer. The £E$G1 and ESG boller
startup must be completed by authorized Cain personnel to aliow the warranty to take effect unless otherwise
stated in a written agreement issued by Cain industries to the buyer. This warranty does not cover damage
resulting from misapplying Cain Industries products: and/for improper inslaliation.  This warranty does not
cover corrosion resulting from the effects of physical or chamical properties of water, steam ar the liquids or
gases used in the equipment. This warranty does not cover damage resulting from combustion source back-
fites or explosions which exceed Cain industries product specific maximum design pressure and/or when
explosion hatches are not properly instalied where required. This warranty does not cover damage resulting
from excessive vibration resulting from isalating vibration pretection not properly installed where required.
This warranty does not cover damage resulting from expansion due to expansion joints not properly installed
where required. This warranty does nol cover damage or [ost performance due o combustion source relat-
ed deficiency such as soot build up on the healing surface. Cain makes no other warranties of performance
o product either expressed or implied which extends beyond the limils contained withui this mnstrumert. Al
acceptance lests shall be conducted at the buyet’s expense. Any such tests shall be made whern the sguip-
ment 15 new, clean, and before being placed into service, and shalt be made within 120 days of delvery.
Where lield st are required, the following procedures are (o be used. The exhaust gas and liquid inlet and
outle! temperatures shall be recorded simultansously and measured at a minirmum distance of § pipe diame-
ters from the equipment. Exhaust gas and liquid volumes shall be determined by actual measurarnent, if
practical, or by calculations if necessary. Adl factors of 02, COZ, excess air, full input, attitude and the oper-
ating efficiency of the primary direct fired unit, shall be incorporated in the final determination and caizulation
of the volume of the exhaust gas. The expense incurred for such test shall be the responsibility of the buver
and a copy of the test procedures conducted, data accurmuiated, and calculations used to arrive at the final
results shall be submitted to Cain Industries. All workmanship, material and performance requirements shall
be deemed to have been met if @ contrary report has not been furnished within 120 days of delivery. This
“Lirnited Warranty and Performance Guarartee” forms as a part of the Cain industries equipment proposal ag
altached hersin.

IN NO EVENT SHALL SELLER BE LIABLE FOR CLAIMS (BASED UPON BREACH OF EXPRESS OR
IMPLIED WARRANTY, NEGLIGENCE OR OTHERWISE) FOR ANY DAMAGES, WHETHER DIRECT,
IMMEDIATE, INCIDENTAL, FORESEEABLE, CONSEQUENTIAL, OR SPECIAL,

Caint Industries, Ine. PO Box 188 Germantown, Wi 53022 - 282-251-0051 « BOO-558:8680 » 262-251-0118 Fax « sales@cainind. com
€ 2608 Cain industias. Inc )




Stumptown Roasters Study Report
Process Energy Recovery October 13, 2006

Appendix E: Anguil Self Cleaning Ceramic Filter Submittal (Option 5)

06-1079 PAE Consulting Engineers, Inc.



. E— " Budget Proposal for:

ANGUIL
Budget Proposal for Self Cleaning Ceramic Filter
With Economizer

Prepared for:

Mr. Ruwan Jayaweera
PAE Consulting Engineers
808 SW 3" Avenue, Suite 300
Portland, OR 97204

Ph: (503) 226-2921

Fx: (503) 226-2930

Em:

RE: Stumptown Coffee Roasters

Submitted by: Local Representative:
Mr. Christopher A. Anguil Mr. Derek MacKenzie
Vice President — Sales KJ Barnett Company
Redmond, WA
Ph: (414) 365-6400 Ph: (425) 881-1128 x 26
Fx: (414) 365-6410 Fx: (425) 883-6522
Em: chris.anguil@anguil.com Em: derekmackenzie@kjbarnett.com

ANGUIL ENVIRONMENTAL SYSTEMS, INC.
8855 NORTH 55TH STREET

MILWAUKEE, WISCONSIN 53223

Phone: (414) 365-6400  Fax: (414) 365-6410
http://www.anguil.com
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ANGUIL T ’ Budget Proposal for:

‘Section | - Design Considerations

APPLICATION DATA AND DESIGN PARAMETERS

e Process Producing Emissions: Coffee Roasting

° Max Process Stream Flow Rate: 650 ACFM

® . Max Process Temperature: 450 °F

° Contaminant Breakdown: Not provided

° System Location: Outside

e Required Fuel: ‘ Natural Gas at 2-5 psig
o Required Power: 480V /60 Hz /3 Ph

DESIRED RESULTS

° Compliance with the local regulatory agency by eliminating odors, visible plume and
providing 95% non methane VOC destruction efficiency

Keep the overall cost of the project to a minimum

Minimize yearly operational cost of the system

Create no adverse effects on the operation of the current process

Minimize equipment maintenance

EQUIPMENT RECOMMENDATION

° One (1) Anguil Model 5 (500 SCFM) Self Cleaning Ceramic Filter (SCCF)
. One (1) Anguil Model 5 (500 SCFM) Economizer Package

EQUIPMENT BENEFITS

Fully automated PLC based control system

Variable Frequency Drive (VFD) to control system fan reduces operating costs
Phone modem for remote diagnostics

Field tested and proven technology

Full equipment warranty

Full factory test prior to shipment

24-hour service support
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APPLICATION DATA AND DESIGN PARAMETERS

® Process Producing Emissions: Coffee Roasting

® Max Process Stream Flow Rate: 650 ACFM

o Max Process Temperature: 450 °F

° Contaminant Breakdown: Not provided

e System Location: Outside

° Required Fuel: Natural Gas at 2-5 psig
® Required Power: 480V /60 Hz/3 Ph

DESIRED RESULTS

° Compliance with the local regulatory agency by eliminating odors, visible plume and
providing 85% non methane VOC destruction efficiency

Keep the overall cost of the project to a minimum

Minimize yearly operational cost of the system

Create no adverse effects on the operation of the current process

Minimize equipment maintenance

EQUIPMENT RECOMMENDATION

e One (1) Anguil Model 5 (500 SCFM) Self Cleaning Ceramic Filter (SCCF)
e One (1) Anguil Model 5 (500 SCFM) Economizer Package

EQUIPMENT BENEFITS

Fully automated PLC based control system

Variable Frequency Drive (VFD) to control system fan reduces operating costs
Phone modem for remote diagnostics

Field tested and proven technology

Full equipment warranty

Full factory test prior to shipment

24-hour service support




- . . . Budget Prgposa| for:

Section Il - Equipment Specifications

One Anguil Model 5 Self Cleaning Ceramic Filter will process up to 500 SCFM of VOC and
particulate laden air, providing odor and opacity control and 95% non-methane VOC destruction
efficiency.

During the system operation, the air will be exhausted from the process directly into the
burner/reactor section where the air is raised to a temperature of typically 600 to 750 F.
Additionally, a ceramic filter matrix is located in near proximity to the burner flame. This is meant
to trap and volatilize any organic particulate that enters the system.

After leaving the burner section, the heated exhaust air passes through a catalyst bed. When the
process air passes through the catalyst an exothermic reaction will take place as the organic
vapors are oxidized to carbon dioxide and water. The hot purified air will then be drawn into the
induced draft system fan and from there it is forced into the economizer section.

One Anguil Model 5 Economizer will transfer heat from a purified exhaust airstream (650 up to
1100 F typical) to a water loop. Anguil's Economizer package typically includes stainless steel
tubes and fins, an internal exhaust gas bypass, stainless steel inner and outer skins with internal
insulation, service access doors and a condensate drain.

The equipment will be assembled, factory pre-wired and supplied per the following specifications:

SYSTEM

. Approximate Footprint: 15" L x 9’ W

. Approximate Weight: 5,500 Ibs.

REACTOR

o 304L stainless steel interior reactor shell

e Aluminized steel exterior reactor shell

° High density mineral wool placed between reactor shells

. Exterior shell painted with 2 coats of UV resistant polyurethane paint

. Access door allows for service and inspection of filter, catalyst, and reactor.

INDUCED DRAFT SYSTEM FAN

. New York Blower high performance, industrial grade fan,
e 460V/60Hz/3PH TEFC (Totally Enclosed Fan Cooled) motor
e Fresh air for startup shall be provided from the process ductwork

VARIABLE FREQUENCY DRIVE

. Allen Bradley Powerflex Variable Frequency Drive (VFD) in a NEMA 12 enclosure
(located in the control panel) to regulate airflow through the system

. VFD controlled by a pressure transducer located up-stream of the system in the ductwork

° Provides maximum turn-down ratio of 4:1
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Section Il - Equipment Specifications

One Anguil Model 5 Self Cleaning Ceramic Filter will process up to 500 SCFM of VOC and
particulate laden air, providing odor and opacity control and 95% non-methane VOC destruction
efficiency.

During the system operation, the air will be exhausted from the process directly into the
burner/reactor section where the air is raised to a temperature of typically 600 to 750 F.
Additionally, a ceramic filter matrix is located in near proximity to the burner flame. This is meant
to trap and volatilize any organic particulate that enters the system.

After leaving the burner section, the heated exhaust air passes through a catalyst bed. When the
process air passes through the catalyst an exothermic reaction will take place as the organic
vapors are oxidized to carbon dioxide and water. The hot purified air will then be drawn into the
induced draft system fan and from there it is forced into the economizer section.

One Anguil Model 5 Economizer will transfer heat from a purified exhaust airstream (650 up to
1100 F typical) to a water loop. Anguil's Economizer package typically includes stainless steel
tubes and fins, an internal exhaust gas bypass, stainless steel inner and outer skins with internal
insulation, service access doors and a condensate drain.

The equipment will be assembled, factory pre-wired and supplied per the following specifications:

SYSTEM

o Approximate Footprint: 15" L x ' W

e Approximate Weight; 5,500 lbs.

REACTOR

® 304L stainless steel interior reactor shell

° Aluminized steel exterior reactor shell

® High density mineral wool placed between reactor shells !
® Exterior shell painted with 2 coats of UV resistant polyurethane paint

® Access door allows for service and inspection of filter, catalyst, and reactor.

INDUCED DRAFT SYSTEM FAN

° New York Blower high performance, industrial grade fan,
® 460V/60Hz/3PH TEFC (Totally Enclosed Fan Cooled) motor
° Fresh air for startup shall be provided from the process ductwork

VARIABLE FREQUENCY DRIVE

° Allen Bradley Powerflex Variable Frequency Drive (VFD) in a NEMA 12 enclosure
(located in the control panel) to regulate airflow through the system

® VFD controlled by a pressure transducer located up-stream of the system in the ductwork

® Provides maximum turn-down ratio of 4:1
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Equipment Specifications (cont)

BURNER/GAS TRAIN

. Fuel source — Natural Gas

. Approximate burner capacity — 1.0 MMBTU/hr

. Fabricated to FM/IR! specifications

. 20:1 maximum turndown

. Burner mounted in horizontal plane to allow the flame to fire in the same direction as the
airflow

. Burner selected to bring reactor up to catalyst-ready temperature with ambient air during
start-up

® Burner will have capacity to maintain system operating temperature during VOC free, full air
flow conditions

. Expected system heat up time from cold start is 30 minutes

SELF CLEANING CERAMIC FILTER

Anguil Environmental Systems U.S. Patent No. 5,143,700

L]

. 1" ceramic matrix filter, 400 cpsi

. Burner shall fire on ceramic filter to volatilize organic particulate and aerosols
. Stainless steel filter rack

CATALYST

® Catalyst Type: Precious Metal Monolith

. Gas Hourly Space Velocity: 45,000 hrs™

. Volume of Catalyst: 2 f°

. Catalyst Inlet Temp: 600 to 750°F

. Maximum Catalyst Outlet Temp: 1,200°F

ECONOMIZER/AIR-TO-WATER HEAT EXCHANGER

individually removable type 316 stainless stee!l tubes with 304 stainless steel fins
Internal stainless steel exhaust gas bypass

304 stainless steel internal and exterior shell

2to 4 inches of factory insulation

A hinged, full-face access door for inspecting and/or cleaning the finned tubes
Condensate drain

EXHAUST STACK

Constructed of aluminized steel

Guy wired, no-loss type

Stack height will be up to 10" above oxidizer base
Sampling ports are provided
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Equipment Specifications (cont)

BURNER/GAS TRAIN

. Fuel source —- Natural Gas

. Approximate burner capacity — 1.0 MMBTU/hr

. Fabricated to FM/IRI specifications

. 20:1 maximum turndown

J - Burner mounted in horizontal plane to allow the flame to fire in the same direction as the
airflow

. Burner selected to bring reactor up to catalyst-ready temperature with ambient air during
start-up

® Burner will have capacity to maintain system operating temperature during VOC free, full air
flow conditions

o Expected system heat up time from cold start is 30 minutes

SELF CLEANING CERAMIC FILTER

. Anguil Environmental Systems U.S. Patent No. 5,143,700

o 1” ceramic matrix filter, 400 cpsi .

) Burner shall fire on ceramic filter to volatilize organic particulate and aerosols
. Stainless steel filter rack

CATALYST

. Catalyst Type: Precious Metal Monolith

. Gas Hourly Space Velocity: 45,000 hrs™

o Volume of Catalyst: 2

) Catalyst Inlet Temp: 600 to 750°F

. Maximum Catalyst Outlet Temp: 1,200°F

ECONOMIZER/AIR-TO-WATER HEAT EXCHANGER

. Individually removable type 316 stainless steel tubes with 304 stainless steel fins
. Internal stainless steel exhaust gas bypass

. 304 stainless steel internal and exterior shell

o 210 4 inches of factory insulation

. A hinged, full-face access door for inspecting and/or cleaning the finned tubes
. Condensate drain

EXHAUST STACK

. Constructed of aluminized steel

. Guy wired, no-loss type

) Stack height will be up to 10" above oxidizer base

. Sampling ports are provided
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Equipment Specifications (cont)

SYSTEM CONTROLS

° Fully automated PLC (Programmable Logic Controller) controls

e Allen Bradley or equivalent

° NEMA 12 panel enclosure

° First out shutdown detector: AB PanelView HMI will indicate
cause of system shutdown via a digital message in English

e Yokagawa three-trace digital chart recorder to monitor the
catalyst inlet and outlet temperatures and stack temperature

® Phone modem for remote diagnostics

SAFETY SHUTDOWNS

® Loss of proper airflow

e Loss of electrical power

o Loss of gas pressure

. High catalyst outlet temperature Control Panel

o Low catalyst inlet temperature

® High pressure drop across ceramic filter

START-UP AND TRAINING SERVICES (QUOTED AS LINE ITEM)

e Service technician can be provided to start-up and balance the SCCF
e Operator training will be conducted during start-up

ADDITIONAL ITEMS

e Two sets of Operation and Maintenance Manuals (O&M) containing the sequence of
operations and drawings will be provided

e All vendor bulletins will be provided on CD-Rom

° Thorough factory quality run and test

ITEMS NOT INCLUDED AS PART OF THIS PROPOSAL

® All compliance testing of system

® Power wiring to control panel

e Interconnecting wiring from control panel to equipment

® Natural gas service connection to equipment fuel train at required pressure
° All local and regulatory permits ‘

. Mechanical and electrical installation

e Sales tax, freight charges, crating, insurance and duties

*Note: All weights, dimensions, horsepower ratings, burner sizing, and specific
engineering details within the proposal are approximate and will be confirmed by
Anguil Environmental following order placement.
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Equipment Specifications (cont)

SYSTEM CONTROLS

o Fully automated PLC (Programmable Logic Controller) controls
o Allen Bradley or equivalent
° NEMA 12 panel enclosure ;
® First out shutdown detector: AB PanelView HMI will indicate
cause of system shutdown via a digital message in English
® Yokagawa three-trace digital chart recorder to monitor the
catalyst inlet and outlet temperatures and stack temperature
e Phone modem for remote diagnostics
SAFETY SHUTDOWNS
. Loss of proper airflow
. Loss of electrical power
. Loss of gas pressure ‘ :
. High catalyst outlet temperature Control Panel
) Low catalyst inlet temperature
. High pressure drop across ceramic filter

START-UP AND TRAINING SERVICES (QUOTED AS LINE ITEM)

. Service technician can be provided to start-up and balance the SCCF
e Operator training will be conducted during start-up

ADDITIONAL ITEMS

. Two sets of Operation and Maintenance Manuals (O&M) containing the sequence of
operations and drawings will be provided

. All vendor bulletins will be provided on CD-Rom

. Thorough factory quality run and test

ITEMS NOT INCLUDED AS PART OF THIS PROPOSAL

All compliance testing of system

Power wiring to control panel

Interconnecting wiring from control panel to equipment

Natural gas service connection to equipment fuel train at required pressure
All local and regulatory permits

Mechanical and electrical installation

Sales tax, freight charges, crating, insurance and duties

*Note: All weights, dimensions, horsepower ratings, burner sizing, and specific
engineering details within the proposal are approximate and will be confirmed by
Anguil Environmental following order placement.




Section lll - Budget Pricing

One (1) Anguil Model 5 Self Cleaning Ceramic Filter (SCCF) will process up to
500 SCFM of process air eliminating odors, visible emissions and providing 95%
non methane VOC destruction efficiency.

SYSTEM BUDGET PRICE, Ex Works Fabrication Facility: $95,000.00
One (1) Anguil Model 5 Economizer will transfer heat from a purified exhaust
airstream (650 up to 1100 F typical) to a water loop.

SYSTEM BUDGET‘PRICE, Ex Works Fabrication Facility: $47,000.00
START UP AND TRAINING

$930/ 8 hour day + travel and living expenses

SHIPMENT: 10-12 WEEKS AFTER RECEIPT OF ORDER (TYPICAL)

EXPEDITED DELIVERY OPTIONS AVAILABLE
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