
Physical & Environmental Availability
Physical Availability is a function of total available biomass in the state, and is the amount of biomass 
that can be physically extracted from Minnesota forests. Physical availability is limited by site access, buffer zones 
around watersheds, and designated protected areas that limit where biomass harvesting can occur.

Environmental Availability is a function of physical availability and the amount of biomass that can 
be sustainability removed from Minnesota forests. Sustainable levels of biomass removal are defined in the  
Minnesota Biomass Harvest Guidelines established by the Minnesota Forest Resource Council and include 
safeguards for soil depletion and nitrification, critical habitat for wildlife, and air and water quality.

Forest Age Class Change Simulator
Estimates of physical and environmental availability are calculated using the Forest Age Class Change Simulator 
(FACCS) developed by Grant Domke and Alan Ek at the University of Minnesota. FACCS is a spreadsheet-based 
computational tool designed to estimate bolewood and harvest residues and forecast biomass availability under 
user-defined management scenarios and harvest intensities. The FACCS model estimates annual yield as well as 
long-term yield projections. FACCS is  capable of forecasting biomass availability under various harvest scenarios 
and intensities (as shown in Table 1) and carbon flows associated with various forest management activities. 
FACCS capabilities include:

• Measure biomass volume over time under different management strategies (rotation ages, harvest                   
intensities, presence of intermediate treatments).

• Measure carbon sequestration and storage over time.

• Disaggregate findings to the regional level, which allows for project specific analysis to be executed                  
efficiently while maintaining useful data on a statewide level.

• Estimate annual biomass availability by forest type, ownership type and biomass characteristic under                         
various harvest intensities and biomass removal scenarios.

Economic & Social Availability
Economic Availability is a function of the amount of biomass harvestable given different market situations and 
cost of removal. In Minnesota, this includes the willingness of private woodland owners to accept a payment in 
return for the removal of biomass from their property.  An estimated 11.9 million oven dry tons of forest biomass are 
projected in Minnesota from 2009-2059 (Table 1). The amount that is economically available is much less and 
subject to change based on market conditions.

Social Availability is a function of the amount of biomass available based upon private woodland owners’ 
willingness to conduct forest management practices including biomass removal as a part of timber harvesting or 
timber stand improvement, wildlife habitat improvement, forest restoration, or invasive species control. It is also a 
function of the degree to which landowners have the ability to conduct such activities, including the degree that 
external influences limit or enhance their desire to remove biomass, and congruence with management objectives.

Survey Methods
The goal of this study was to discover the portion of physically available forest biomass that could be sustainably 
harvested, was economically available under different market circumstances, and readily available from woodland 
owners. A survey of more than one thousand woodland owners was conducted in a 26-county region in northern 
Minnesota and northwest Wisconsin. Resulting supply curves in Figures 1-2 provide an estimate of total availability 
based upon physical and environmental thresholds combined with factors of economic and social availability. 
Together, this provides a much more realistic assessment of biomass availability for existing and emerging 
bioenergy markets.
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Sustainable Forest Feedstock for Bioenergy Production: 
Environmental, Economic, and Social Availability

Introduction
Background: Recent interest in using forest biomass for energy production has created the need for more 
robust assessments of sustainable feedstock supply in Minnesota. Forest biomass availability is dependent on 
four major factors: physical, environmental, economic, and social availability.

Project Goals: The long-term goal of this project is to identify sustainable forest management practices 
that may increase the volume of forest biomass available for expanding bioproducts industries. The sustainable 
utilization of which may promote economic development opportunities throughout the forested regions of the 
state. The primary objective of this project is to assess the long term physical availability of biomass across 
Minnesota and parts of Wisconsin and to compare to measures of environmental, economic , and social 
availability. We investigated ways in which a greater amount of biomass could be produced from existing natural 
forests given the cumulative challenges and opportunities faced.

Basics of Forest Biomass Utilization
Residual forest biomass is defined as the by-product of forest management activities. This includes trees not used 
for timber production, tree limbs, tree tops, needles, and leaves.  Biomass utilization is the use of residual woody 
biomass resulting in the production of electricity, thermal heating, biofuels, animal bedding, landscape materials, 
and related products.

Current best practice in Minnesota limits the removal of residual biomass to approximately two-thirds of the total 
amount of biomass generated from forest management activities such as timber harvesting, wildlife habitat 
enhancement, and hazard tree removal (http://www.frc.state.mn.us/initiatives_sitelevel_management.html). 

Extra harvesting equipment necessary to remove residual biomass includes a chipper (a machine which converts 
large sized biomass into small woodchips) or a chipper forwarder (a machine which chips large sized biomass 
into small woodchips at the cutting sited and transports the chips to the roadside) and a chip van (a semi trailer 
which stores and transports the woodchips to a biomass utilization facility). 

Small diameter logs being chipped and 
loaded into a chip van

Picture taken after a clearcut with 
residual biomass removal

Blowdown site WITHOUT 
biomass salvage

Blowdown site WITH 
biomass salvage
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Figure 1. Estimated residual biomass supply from woodlands owners in 
the 22 northern Minnesota counties (3.47 million cord harvest; 33% on-
site residual retention).

0

100

200

300

400

500

-$75 -$60 -$45 -$30 -$15 $0 $15 $30 $45 $60 $75

Bi
om

as
 A

va
ila

bl
e

(1
,0

00
 o

ve
n-

dr
y 

to
ns

)

Payment Offered to Woodland Owner

20% Bolewood Addition

10% Bolewood Addition

Early Stand Treatments

Shortened Rotation (-10 
years)

Extended Rotation (+10 
years)

Baseline Scenario

Figure 2. Estimated residual biomass supply from woodlands owners in 
the 22 northern Minnesota counties (3.47 million cord harvest; 50% on-
site residual retention).

0

200

400

600

800

-$75 -$60 -$45 -$30 -$15 $0 $15 $30 $45 $60 $75

Bi
om

as
 A

va
ila

bl
e

(1
,0

00
 o

ve
n-

dr
y 

to
ns

)

Payment Offered to Woodland Owner

20% Bolewood Addition

10% Bolewood Addition

Early Stand Treatments

Shortened Rotation (-10 
years)

Extended Rotation (+10 
years)

Baseline Scenario

Figure 3. Estimated residual biomass supply from woodlands owners in 
the 22 northern Minnesota counties (4.90 million cord harvest; 33% on-
site residual retention).

---------- Government ---------- Private 
industrial Woodlands TotalForest Management scenario Federal State Local

3.53 million cord harvest (10 yr average)
MFRC retention (33% retained) 101,301 130,029 141,440 48,366 240,847 661,983 
+ 10% bolewood 157,248 202,683 216,726 74,511 368,182 1,019,351 
+ 20% bolewood 213,196 275,338 292,013 100,657 495,517 1,376,720 
Early stand treatments 128,740 160,436 179,263 60,750 302,792 831,982 
Shortened rotation (-10 yrs) 99,294 128,188 138,435 46,707 238,444 651,068 
Extended rotation (+10 yrs) 103,186 131,182 144,194 49,824 241,792 670,179 

4.90 million cord harvest (GEIS threshold)
MFRC retention (33% retained) 123,587 168,032 184,974 76,056 378,560 931,208 
+ 10% bolewood 191,478 260,461 283,141 116,763 578,704 1,430,547 
+ 20% bolewood 259,368 352,891 381,309 157,470 778,847 1,929,887 
Early stand treatments 152,183 199,767 224,408 89,019 442,981 1,108,358 
Shortened rotation (-10 yrs) 120,950 165,076 182,039 73,723 377,412 919,199 
Extended rotation (+10 yrs) 125,839 169,606 188,008 78,113 381,351 942,918 

5.50 million cord harvest (UMN Staff Paper #204)
MFRC retention (33% retained) 138,736 188,988 206,470 86,558 426,935 1,047,687 
+ 10% bolewood 214,861 292,800 316,662 132,465 652,179 1,608,968 
+ 20% bolewood 290,986 396,612 426,853 178,373 877,424 2,170,249 
Early stand treatments 169,426 222,901 247,240 101,263 492,121 1,232,951 
Shortened rotation (-10 yrs) 137,245 186,674 203,862 84,463 425,180 1,037,425 
Extended rotation (+10 yrs) 140,627 190,775 209,420 88,730 430,120 1,059,673 

Table 1. Statewide annual oven-dry tons of residual biomass by ownership and forest management scenario 
(33% retention per the MFRC harvest guidelines).The Aesthetics of Biomass Harvesting

Pictured below are several different forest 
disturbances shown with and without a 

biomass removal component

Biomass Supply Curves
Figures 1-3 are estimates of biomass supply on Non-Industrial 
Private Forests within the 22 northern MN counties in the study.  
Biomass availability is estimated based on the biomass 
removal scenarios described below at the 33% retention level 
and a 3.47 million cord annual harvest level. (oven dry tons) 

Roundwood competition – 10% and 20% of harvested 
roundwood is chipped and utilized for biomass production.

TSI/early stand treatments – utilization of biomass from early 
and commercial thinnings in Aspen-birch and White-red-
jack pine types. Net increase in subsequent yields. 

Harvest rotation age – shortens and extends the baseline 
rotation ages by 10 years for each forest type.
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