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Unburned slash piles left 
behind after logging, 
Fraser National Forest.
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What’s the problem?

U.S. Forest Industry
10% of energy consumption is renewables
46% of renewable energy is biomass
24% of renewable energy is from wood & waste

(EIA 2018, statistic for CY 2016)



What’s the problem?



What’s the problem?

Smurfit-Stone linerboard plant
> 1 million tonne pulpwood and hog fuel per year
Equal to 69 Nexterra gasifiers (@ 14,500 t yr-1)
1.0 to 1.5 million tonnes CO2 (pile burning)
> 40,000 hectares of treatment

Smurfit-Stone statistics from Morgan 2009, University of Montana 2011, Jones et al. 2010 
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1. Small Scale Operations

Biochar Solutions, Inc.
$200,000 system price
5.4 dry tons feedstock per day
Modular, low-cost biochar
Flexible feedstock
400-700ºC two-stage conversion

Mill Residues
Pueblo Wood Products
Coniferous live and dead
55 bdt of residues per day
Composting operation with 
local dairy farm

Biochar
Soil amendment
Mine reclamation
Forest, agriculture and 

greenhouse applications



Methods

Industrial Engineering Methods
Time study: 5 weeks, 25 work days
Daily shift-level data and samples
Financial analysis
Net present value on a 10-yr project



Results

Annual cost: $126,597
Annual revenue from biochar: $101,013
Annual net revenue: -$  25,554 
NPV for a 10-year project period: -$168,955

Metric

Feedstock Preparation

Pyrolysis
Biochar
baggingGrinding Screening Loading

Machine rate ($ hr-1) $163.81 $39.78 $78.86 $48.07 n/a

Productivity (gt hr-1) 13.61 13.61 54.43 0.156 n/a

Component cost ($ gt-1) $12.04 $2.92 $1.45 $308.14 $65.99

Cumulative cost ($ gt-1) $12.04 $14.96 $16.41 $324.55 $390.54



Results

NPV=0
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NPV=0



Results

Break even price: $2.73 kg-1



2. Larger Operations

Thermochemical pathways
Combustion heat and power
Gasification and pyrolysis
Catalytic fuel production
Pellet mill

Treatment Residues
Fuel treatment
Beetle salvage
Forest restoration

Mulitple products
Single outputs
Combinations of products:
Heat, Power, Biochar, 
Pellets, Liquid fuel

Photo: Colorado Public Radio

Photo: CPES

Photo: CPES

Photo: Pacific Biochar



Methods
Techno-Economic Analysis (TEA)
Detailed technical specifications + financial analysis

• Engineering specifications
• Production data
• Capital and operating costs
• Other economic variables

Inputs Outputs
• Net Present Value (NPV)
• Breakeven Selling Price
• Max Feedstock Cost

X1

X2 X3

Discounted 
Cash Flow 
Model f(x)

Monte Carlo 
Simulation with 

1000s of Iterations

Dozens of Variables

Financial Outcomes

NPV

Sensitivity



Results
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Biofuel Scenario

Mean NPV = $76.0M
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Heat Scenario

Mean NPV = -$24,000
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Power Scenario

Mean NPV = -$8.3M
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Pellet Scenario

Mean NPV = $22.4M

B/E Feedstock = $26 t-1
B/E Feedstock = $39 t-1

B/E Feedstock = $97 t-1

0 0

0 0

B/E Feedstock = $227 t-1

Biochar + Pellet ScenarioBiochar + Biofuel Scenario



Results
A. Biochar + Biofuel Scenario B. Biochar + Pellet Scenario



Results

0 0

0 0



Results



3. Value Added Operations

Thermochemical Conversion
3 different systems:
Confluence Energy (CON)
Biochar Solutions, Inc. (BSI)
Tucker Engineering Associates (TEA)

Logging & Mill Residues
Mixed western conifer
Screened 

Activated Carbon
RBS industrial rotary calciner
3 biochar precursors
Steam injection with N purge
Temperature: 927 °C
45 min and 65 min trials



Results: BET Surface Area
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Results
Biochar Activated Carbon

5000x/5 µm

8000x/2 µm

5000x/5 µm



Results: Iodine Number

COAL COCO

COCO
TEA

BSI

CON

COAL



Results: Iodine Number

COAL COCO

COCO
TEA

BSI

CON

COAL



Take Home Messages
More profitable operations

High conversion efficiency
Increased productivity and conversion rate 
Appropriate scale and system balance
Better quality feedstock (e.g. moisture, ash, etc.)

Multi-product supply chains
Higher and more stable prices for outputs

Heat and gas value
Biochar product and market development 
High fuel prices 
Public policy (e.g. RINs)



For More Information
Economics and Manufacturing
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For More Information
Products and Life Cycle Assessment
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Change Mitigation. Cambridge, UK: Cambridge University Press. p. 25-45.

Gu, H.; Bergman, R.; Anderson, N.; Alanya-Rosenbaum, S. 2018. Life cycle assessment 
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Contact Information

Nate Anderson, Research Forester 
Rocky Mountain Research Station
Missoula, MT, USA
nathaniel.m.anderson@usda.gov
(406) 329-2122

QUESTIONS?



Additional slides for 
questions if needed.



Methods
Standard machine rate calculations
Cost($ gt-1)=Machine rate($ pmh-1)/Productivity(gt pmh-1)
Feedstock cost: $0, Biochar revenue: $2.20 per kilogram
Other Assumptions: 8 hrs per day, 260 days per year



Results
Shift-level production

Metrics

Work
hours

(h)
Delay

(h)

Productive
hours

(h)

Feedstock 
consumption

(gt)

Biochar
production

(t)
Total 167.03 31.35 135.68 21.183 2.993
Shift-
level

Mean 7.59 1.43 6.17 0.963 0.136
Min. 3.75 0.00 2.23 0.219 0.041
Max 10.23 5.30 9.20 1.433 0.285



Methods

Detailed Inputs

• Feedstock processing 
capacity

• Product conversion 
rate

Discounted cash 
flow model

• Equipment
• Buildings
• Construction & engineering
• Land
• Working capital

• Feedstock
• Labor
• Maintenance
• Utilities
• Consumables

Net Present 
Value (NPV)

Minimum 
Selling Price

Inputs Outputs

• Discount rate
• Financing
• Depreciation
• Taxes
• Product  prices & policy incentives

Operating costs Economic variables

Capital costsProduction data

Maximum 
Feedstock 

Cost

20 Year Project 
Period



Text

Random variables



Results

TEA Input Pricing

Variable Minimum Base-Case Maximum

Pellets price $178 t-1 $200 t-1 $222 t-1

Biochar price $899 t-1 $1,834 t-1 $2,778 t-1

Electricity price $50 MWh-1 $100 MWh-1 $150 MWh-1

Biofuel price $1.59 gal-1 $2.36 gal-1 $2.96 gal-1

Heat price $2.52 MMBtu-1 $5.35 MMBtu-1 $10.83 MMBtu-1

Feedstock price $0 t-1 $40 t-1 $80 t-1



Assumptions



Results



Results
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