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Background

* Biochar production facility

* C6 Forest to Farm siting facility in North-Central
Washington

« Community scale (1 odt/hr equivalent)

ID 0023 L,
ID 002
Conveyor P 0025

Fines Bin

ID 0018 ID 0019 ID 0020 ID 0021 ID 0022 ID 0024
Feed Bin onveyor Rotary Shear Conveyor Screen Conveyor

ID 0026 ID 0045 ID 0028 ID 0029
urge Bin Dryer Conveyor

USBI +« BIOCHARCONFERENCE.COM - FEB. 12-15, 2024



Appreciative Design

* Appreciate beliefs, values, and needs
of individuals and institutions (Soft
Systems Methodology)

 Treat beliefs, values and other
“externalities” just like hard
constraints (Policy Analysis)

* Follow accepted design methodology
(Suh’s Axiomatic Design)
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more efficient and reliable than traditional vertical silos

. N | & > .
( :O m m u n Ity E n gage m e n t Unit Operation - Feed Bin Degree of Satisfaction
5 Insert Unit Operati
Primary D o018 1 not met
Operation Description 5 partially met
Hogfuel accepts feed bin infront of rotary shear system. This is the frst device in the Forest Concepts Integrated Modular system. 9 fully met

204.1 Total Points

» Stakeholder identification and surveys

Functional (1-100) Constraint BE&E 81% Vibra LBB 5-200 live bottom bin 72% IMS 144001 Surge bin
) Description Welght [% Depends on (ID, ID, ID...) |/|Description Degree of Sat. (1-9) |Score |F|Description Degree of Sat. (1-9) [Score [Description Degree of Sat. (1-9) Score
. 18.1 |Hold green chips / hogfuel for 30 minutes of ~ 17.4 8.5% |1) Chip bulk density as monthly f(MC) [0020 /2 shift, 640 cu.ft 9 0.77 200 cuft 8 0.68 29 cuft 5 0.43
+  Weight stakeholder groups as needed
12) Rotary shear (1D 0020) hos a
|maximum demand of 1.67 ODT/hr.
|Outflow rate is ¥
° R e g U lat 0 ry 182 |Accommodate conveyor input of hogfuel 310 [15.2% closed or open top. o 137 Imund outfeed profile, |5 0.76 Outfeed customizable |5 076
|option |batch proc
18.3 |Accommodate wheel loader input of hogfuel ~|21.0 10.3% |1) Side height maximum is X Large receiving input - |7 0.72 114" tall 7 0.72 14.5" tall 7 0.72
|2) Loading width minimum is Y |can be specified |8ft diam round infeed
. Owner
|Provide output flow without jamming or (1) Maximum particle size is X Live bottom smart floor llive bottom 9 1.81 no live bottom 1 0.20
\plugging 12) Flowability index is Y
. O p er ato r 3) Minimum opening s 2.
18.5 Trap magnetic metals from the biomass 1.0 0.5% 1) Outfeed flow depth across metal No magnet 1 0.00 [No magnet 1 0.00 No magnet 1 0.00
. trap not more than 2-inches deep and
° N e I gh b o r |velocity less than X
|Detect full state for upstream system control | detect visually 8 0.59 no sensors or view 4 0.29 |view ports 5 0.37
o
|Detect low level state for upstream system |accurate discharge detect visually but 5 0.56 |view ports. 5 0.56
|speed control rate. Metering option |cannot view internally
|Minimize capital cost $119,000 3,000 9 0.90

Axiomatic Design (Nam Suh)

Unit Operation - Feed Bin Degree of Satisfaction 5 0.60
- Insert Unit Operation
Primary ID 0018 1 not met

* Three components =

Hogfuel accepts feed bin infront of rotary shear system. This is the first device in the Forest Concepts Integrated Modular system. 9 fully met 000
. . 0.00
1. F t LR ts (FR
° ur‘.c ana eqUIremen S ( s) 204.1 Total Points 50
(O b ] ective S) i i (1-100) Constrai BERE Smart Container (20') 1% w0
1D Descripti Weight |% Weight |Description D ds on (ID, ID, ID...) ipti Degree of Sat. (1-9) [Score 000
o 18.1 Hold green chips / hogfuel for 30 minutes of ~ |17.4 8.5% 1) Chip bulk density as monthly f(MC) (0020 1/2 shift, 640 cu.ft 9 0.77 0.00
2 . C on st rain t [3 ( C s) e is 243 k/cum. 000
2) Rotary shear (ID 0020) has a 000
) . i demand of 1.67 ODT/hr. 0.00
3. Design Parameters (DPs) (solutions) o ot ¥
18.2 Accommodate conveyor input of hogfuel 31.0 15.2% closed or open top 9 1.37
Q 18.3 |Accommodate wheel loader input of hogfuel |21.0 10.3% 1) Side height maximum is X Large receiving input - |7 0.72
e Two AXioms PR S
) 18.4 Provide output flow without jamming or 41.0 20.1% 1) Maximum particle size is X Live bottom smart floor |9 1.81
1. Independence among Functional oy i
O 3) Minimum opening is Z
R e q u I re m e n ts 18.5 Trap magnetic metals from the biomass 1.0 0.5% 1) Outfeed flow depth across metal No magnet 1 0.00
trap not more than 2-inches deep and
. . velocity less than X
2. Best DPs have least information TR e e D ST g o5
con te nt 187 | Detect low level state for upstream system  [22.8 | 11.2% accurate discharge |8 0.89
speed control rate. Metering option
18.8 inimize capital cost 20.3 9.9% 5119,000 1 0.10
18.9 Minimize maintenance required 14.3 7.0% 'minimal civil work 6 0.42
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SiPS TEA Software - Overview

Simulation of Processing Systems for Techno-Economic
Analysis

 Enables developers to quickly analyze design alternatives for community scale
biomass processing centers

 Enable rapid creation of flexible TEA simulations

 Model multiple lines of biomass flow (split, combine, recirculate)
* Add / reorder equipment connections automatically

 Model non-steady state conditions and sensitivities

 Track biomass properties through the system
* Size
* Density
* Moisture content
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S1PS TEA - Equipment

¥

File Home Insert Pagelayout Formulas Data Review View Automate Developer Help Acrobat Table Design  Query

Excel Based Equipment List oy & endtonlfomating - | e+ | 3+ 7~ B B
paste B & Format as Table ¥ 22X Delete DR ontiuty | Addiins CremPOE Cowe PDI"-';ndk
v © and Share link Share via Outlool

. 0 - o~
[ ] Eq u I p m e n t N am e Clipboard 1§ : Styles Cells Editing Sensitivity | Add-ins Adobe Acrobat

Cell Styles v Ff Format v

* Capacity (Mg/hr)

| B | C D | 3 | F |
o C A P EX ( $) N Throughput (Mg/hr) Capex ($) HPB NG Power Cons (mmbtu/hr) B R&M rate (%) B
P4l Bin.Surge.IMS.144025.336 . $ 15,083.00 ..
2.7 $ 119,000.00 5 NA 10% 100000 160 no 18.1
. 0.1 $ 94.50 NA NA 10% 10000 9 yes 0.9
° E l_e Ctrl Cal_ Powe r (H P) 0.1 $ 4400000 1 NA 10% 100000 20 no 0.9
0.6 $ 120,000.00 5 NA 10% 50000 144 no 3.8
11 $ 148,889.00 5 NA 10% 50000 144 no 7.6
. § Bin.Metering.Warren&Baerg.15.405 1.7/ $  168,149.00 5 NA 10% 50000 144 no 15
° N atu ral G as Co nsum ptl on (M M Btu / h r) | Conveyor.Belt.INTERQUIP.EK450.7 as.4 $ 1055600 3 NA 10% 50000 12 yes
Conveyor.Belt.INTERQUIP.EK450.16 45.4 $ 13,500.00 2 NA 10% 50000 28 yes
Conveyor.Belt.INTERQUIP.EK450.30 45.4 $ 15,000.00 3 NA 10% 50000 53 yes
O Conveyor.Belt.INTERQUIP.LKS450.10 90.0 $ 14,000.00 1 NA 10% 50000 25 yes
L4 R& M R ate ( /O Of C A P EX) Conveyor.Belt.INTERQUIP.LKS450.14 90.0 $ 1500000 1 NA 10% 50000 35 yes
Conveyor.Belt.INTERQUIP.LKS450.18 90.0 $ 16,000.00 1 NA 10% 50000 45 yes
Conveyor.Belt.BE&E.185-21L.21 10.0 $  28,700.00 5 NA 10% 100000 80 no
° L - f h Conveyor.Belt.BE&E.185-23L.23 10.0 $  29,000.00 5] NA 10% 100000 80 no
I e Conveyor.Belt.BE&E.185-35L.35 10.0 $  39,800.00 5 NA 10% 100000 80 no
Comminution.RotaryShear.ForestConcepts.P24M-200e.6mm 6.8 $  479,301.45 200 NA 10% 146000 100 yes
Comminution.RotaryShear.ForestConcepts.P24M-150e.6mm 6.8 $  385,209.00 150 NA 10% 146000 100 yes
° M f A Comminution.RotaryShear.ForestConcepts.M24M-30e.4mm 0.68 $ 113,903.74 30 NA 10% 73000 29 yes
FO Otp rl n t t 2 Comminution.RotaryShear.ForestConcepts.M24M-30e.2mm 0.68 $ 11541517 30 NA 10% 73000 29 yes
Comminution.RotaryShear.ForestConcepts.M24M-30e.6mm 0.68 $  113,148.02 30 NA 10% 73000 29 yes
C ion.Hammermill.BLISS.elimi 17.2 $  51,904.00 400 NA 10% 50000 50 yes
° C ove re d (Y/ N ) Dryer.Downdraft.NorrisThermal.560B-X4 2.7 $ 300,000.00 60 7 10% 168000 1216 yes
Dryer.Downdraft.NorrisThermal.207B-2 0.3 $ 200,000.00 7.5 2 10% 168000 120 yes
| Dryer.Rotary.ZJMachinery.JTSG2010/3 1.8 $ 300,000.00 121 5 10% 168000 1550 yes
§ Dryer.Downdraft.ForestConcepts.123b 0.2 S 437,467.14 5 0.65 10% 168000 75 yes
° VO lu m e ( m A3) Screen.Gyratory.BM&M.4x10SS 5.0 S 70,000.00 5 NA 10% 30000 77 yes
pi)| Screen.Gyratory. BM&M.3x8SS 3.0 $ 65,000.00 5 NA 10% 30000 47 yes
E[t)] Screen.Orbital.ForestConcepts.OS 2448-3 g $ 4330177

4L

(E) Screening | (F) Pyroly **

° EX p an d a b le to oth e r' p a ra m ete r's > [EORCN0IIS  (A)Bins | (B) Conveying | (C) Comminution | (D) Drying

Ready [® $% Accessibility: Investigate [ Display Settings H

M -—8—+ 100%

Equipment list currently includes 167 pieces of equipment from 32 manufacturers
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SiPS TEA - Main

* Import and link equipment T D B F #e N0 5 &
* Multiple work centers with different

operating schedules possible | [p] - (1] et ' ‘

T LT v - o MU et
. Name Tag Name Tag Editing D Type In1 In2
° Set th ro ugh p ut req u I re m ents . Surge Bin - IMS 144024 0018 Surge Bin - IMS 144024 0018 1/8in source
) ‘ Conveyor - EK450 (18x7') 0019 Conveyor - EK450 (18x7') 0019 2/Conveyor | Surge Bin - IMS 144024 (#0018).outt Conveyor - EK45|
Al M24M-30e Crumbler 4mm Head |0020 M24M-30e Crumbler 4mm Head 0020 3 Rotary Shear |Conveyor - EK450 (18x7") (#0019).out1
. Notes | Command Window Conveyor - EK450 (18x7') 0021 Conveyor - EK450 (18x7) 0021 4/Conveyor | M24M-30e Crumbler 4mm Head (#0020).0ut! |-
L4 S et Sta N d a rd p rices e Screen - BM&M 4x10SS 0022 Screen - BM&M 4x10SS 0022 5 Screen Conveyor - EK450 (18x7') (#0021).outt
e T Conveyor - EK450 (18xT) 0026 Conveyor - EK450 (18xT) 0026 6/Conveyor | Screen - BM&M 4x10SS (#0022).0ut1
N E leCtri Cit n atu ral as d iesel raw e Surge Bin - IMS 144024 0027 Surge Bin - IMS 144024 0027 7 8in Conveyor - EK450 (18x7') (#0026).outt
y, g ’ 9 Conveyor - EK450 (18x7') 0045 Conveyor - EK450 (18x7') 0045 8 Conveyor |Surge Bin - IMS 144024 (#0027).outt
m at e ri al et C :gul:f;:f of equipment, Dryer - FC 123b 0028 Dryer - FC 123b 0028 9 Dryer Conveyor - EK450 (18x7") (#0045).out1
’ ~Dryer Conveyor - EK450 (18x7') 0029 Conveyor - EK450 (18x7) 0029 10/Conveyor | Dryer - FC 123b (#0028).0ut1
Conveyor - EK450 (18x7") 0023 Conveyor - EK450 (18x7") 0023 11| Conveyor Screen - BM&M 4x10SS (#0022).out2
op e . . . Conveyor - EK450 (18x7) 0024 Conveyor - EK450 (18xT) 0024 12|Conveyor | Screen - BM&M 4x10SS (#0022).0ut3
] S et fac I ll ty I n Sta l latl o n C o St, I f Surge Bin - IMS 144024 0025 Surge Bin - IMS 144024 0025 13/Bin Conveyor - EK450 (18x7') (#0024).out1

including

* Enter all distributions and percents in decimal form, e.g. enter 56% as 0.56

BIOCHAR CONFERENCE
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4\ MATLAB Ap| ]

Equipment Settings

SiPS TEA - Equipment Details |

Tag | 0020

Life (hr) | 40000 ‘

CAPEX ($)
« Tag/ID
RM Rate (%)*
)
 Life
e CAPEX
Diesel Consumption (gal/hr)

* Repair and Maintenance rate

100000

o

1111

Floor Fraction (%)"

Target MC (%)*

Electrical Power (HP)

@
S

["]Use this value

NG Power (mmbtu/hr) [ use this value

|

Queue Length (s) 2

* Electrical Power Consumption

» User specified or calculated based on
particle size change, material type, and
size reduction type

Area (sqft) | 100 [l Covered
Equipment Specific Area Multiplier 2

ID Number 3

* Natural Gas Consumption

» User specified or calculated based on /
moisture change, particle size, material a2 [ )
ty pe Outputs Distro Size Density

Input 1 ‘Conveyor- EK450 (18x7') (#0019).0ut1 v ‘

o Footprint 1 ‘Conveyor-EK450(18x7')(#0021).in1 vH1 - HA E o
. . 2 ‘ v‘
 Connections to other equipment )
["]Inherit Inherit
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SiPS TEA - Facility Installation
Cost

« (m]
. a

« Site upgrade costs

° E le Ct ri C a l li n e S forestconcepts™ Area Selection forresus calculation) | Min o Min Afeao . Expanded A:; Loose Are: ; :::Z':;r:‘?‘[? covered by bings/ eqp unoovered. (Express

. Item Cost 3,100 12,400 31,000 Site Size (sqft)
* Sewer lines
o Utiities
*  Fencing Tyt g 755229
[ Water Mains ($/ft) 40.00 $4,454.21 $8,908.42 $14,085.45

. Lighting

Typical range: [$50 - $200]

Sewer Lines ($/ft) 150.00 $16,703.29 $ 33,406.59 $ 52,820.45
)
° P
avin
[ ] Septic Tank (S/tank) 35000.00
)
e Catchb
a C aS I n Typical range: [$50 - $150]
Smrm Drain to Pond ($/ft) 100.00 $5,567.76 $11,135.53 $17,606.82

Typical range: [$20K - $45K]. ‘

C A n d m O re | Typical range: [$3K - $8K]

Site Improvements

> Building Size mu ltipliers Of eq uipment [v]Waste Water Pond (S/cuft) 075 $1,162.50 $4,650.00 $ 11,625.00
fo 0 t p r i n t [v|Parking / Driveways Paved (S/sqft) 5.00 $6,200.00 $24,800.00 $62,000.00

Typical range: [$0.30 - $1].

Typical range: [$3 - §7]

["JParking / Driveways Gravel (S/sqft) 3.00

* Site size based on building, uncovered
area’ CatCh basin ratios ] Perimeter Fence (§/ft) 25.00 $5,567.76 $11,135.53 $ 17,606.82

Typical range: [$8 - $40].

Typical range: [$1 - $5]. ‘

| Typical range: [$80 - $375]

* General costs ranges for each category

Total $512,355.53 $ 571,736.07 $663,444.54 Plot ‘ ‘ Accept

» Select only desired categories for
inclusion

BIOCHAR CONFERENCE
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SiPS TEA - Results

 Mass and energy balances for each
week

* Daily (with work center scheduling)
mass and energy balances

* Calculation of quantities of equipment
pieces based on inputs

« Total CAPEX
* Total OPEX
* Export to MS Excel

usBl -

BIOCHARCONFERENCE.COM -

1]

Export to Excel

X [$

Change Schedule

Change
Installation Cost

Ghange Prices Recalculate

Man  Day1 | Day2 Day3 Day4 Day5 Day6 Day7 | MassBalance  Installation Cost

mite [Prtminary Vaidaton odel

13 pieces of equipmen.

Description
B - Crumber

‘Scenario Inputs. Blomass Type Incoming Partce Size (mm) InGomingIG (wb) st MBI $/gal Diesel $l0dMg Raw RaM %
‘Gombined Softwood 22 040 006720 336000 437600 10000 010
Eauioment:
Nametag ay Cost Each § CovEa UncEa Covsub Unc sub Queue Length Floor Loss % Volume Comminution Device Workeenter
Surge Bin - IMS 144024 (#0013) 15 10,000.00 200000 o 150 o o 2 o 5 Workcenter 1
Conveyor - EK450 (18x7') (#0019) 1/$10,000.00 200000/ 100 [ 100 0 2 o‘ NaN O Workcenter_1
M24M.30¢ Crumbler 4mm Head (#0020) 2/5 10000000 40000 100 0 200 0 2 o Nan Workcenter_1
Conveyor - EK450 (18x7) (#0021) /s 1000000 200000 1% 0 100 0 2 o NaN 0 Workerter_1
Screen - BVIBM 4x10SS (#0022) 5 60,000.00 200000 150 0 750 o 2 o Nan m] Workcenter 1
Conveyor - EK450 (18x7') (#0026) 1/ 10,000.00 200000 100 0 100 0 2 of Nan m] Workcenter_1
Surge Bin- IVS 144024 (#0027) 1510,000.00 200000 o 150 o o 2 o 5 1] Workoenter_1 .
Weekly Summary: Dally Info:
Govered area (minimum) (st 1100|  Raw Material Consumpion (1 182014
(i) sty | | pion (45 e Dayt D2 o3 Dayt Days Day 6 o7 [
Uncovered area (minimum) (saft) | 450 Fioor Loss (Mg) 0.000000 Worksenter_1 (hr) 24 2 24 24 24 2 24
Producton (ochg) 2 2 2% 2 2 2 2%
“Released’ Mass (M 0000
AT Energy Cost (siday) 537,97 537,97 §337.97 530797 35797 357,97 5337.97
Area Selection | Min v| Total Production (Mg ac) 168.000 R&M Cost (S/day) $29.92 $29.92 $29.92 $29.92 '$29.92 $29.92 $29.92
Operating Cost (S132y) 36789 $367.89 536789 s 36769 36789 s367.9 367289
e e $.1.300.0000 Raw material consumption (odMig) |26.002 26002 26.002 26002 26002 26.002 26.002
Govered Area IstallCost. | $27500000 | Elecrical (s/oaMg ac) | s537 |Electicty (Wh) 1918628 1918628 1918629 1818.629 1816.629 1818.629 1918629
Natural Gas (MMBtu) 62214 62214 2214 2212 62212 w2214 2214
incovered Area Instll Cos fatural Gas (S/odMg ac) 7
Uncovered Area Instal Gost 5270000 Natural Gas (S/odMg ac) S871 i (ga) B " o o 5 N o .
Facilty Electrical Install Cost | $165,000.00 Diesel (S/odMg ac) 50.00 : End of Day Mass in Transition Bin
Other Faclty InstalCost | $ 10837552 ReM (ioahg ac) | 5125
08
Total Faciity Gost | $561,075.52 5
Sos
Total Operating Cost (SiodMg a0) | $1533) 2
Los
Electical (kwhiodg ac) 793¢ Raw Materal ot (SoaMg ac) | 510834
02
Natural Gas (MMBHLIoGMg ac) 259 Total Feedstock Cost (SlodMg ac) 512367 | | | | | | |
o 01 02 03 04 05 06 07 08 09 1
Diesel (gallochg ac) 0 Day
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Results

* Appreciative design reduces project
failures and “yeah, but” delays

* Project planners can have good mass
and energy balances early in the
planning phase to prevent “gotchas”

 TEA parameter adjustments are
relatively easy

* Result is lower technical, operational,
and financial risk

BIOCHAR CONFERENCE
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Results (2)

 Modular preprocessing equipment
to “plug and play” will speed
facility installation and planning
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Where We Go From Here

* Work with additional developers to
continue process validation

 Model additional work centers
beyond feedstock preprocessing
(conversion, etc)

* Add equipment and manufacturers
to the equipment list

 Place Feed/Comminution module
with partner for validation testing
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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness
of any information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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Thank You!

Dave Lanning - Senior Engineer
dlanning@forestconcepts.com
253.333.9663

Forest Concepts, LLC
3320 W. Valley Hwy. N., D110
Auburn, WA 98001
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