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EXECUTIVE	  SUMMARY	  
	  	  
This report assesses the relative importance of infrastructure and logistic factors in the potential 
feasibility of Wisconsin’s farm-based biomass production for heat and power. In particular, 
effects of infrastructure (including equipment) and logistics are compared to the influence of 
fossil energy prices on bioenergy feasibility. The analyses described here also highlight the new 
infrastructure needed for optimal development of bioheat and power in Wisconsin at the farm 
scale (small), the municipal / commercial scale (medium), and the industrial / power plant scale 
(large).  
 
The biomass production, logistics and energy conversion analyses in this project expand and 
update the work done in our prior Focus on Energy project (# 09-01). Smaller, more realistic 
areas of currently idle farmland are assumed to be available for biomass production in these 
simulations, which give a state median biomass production cost of 192 $/Mg, more than double 
our previous result and most estimates in the literature. In terms of production equipment, 
specialized harvesters could dramatically reduce biomass losses (i.e. from 30% to 5%), but are 
not justified due to the capital expense. Production costs decrease proportionally to the extent that 
such equipment costs can be shared or allocated to other activities on the farm. A biomass supply 
curve for Wisconsin indicates that 547,000 Mg of biomass could be produced on otherwise idle 
cropland, if market prices reach 220 $/Mg.  
 
The Wisconsin Cropland Data Layer (CDL) and other digital maps of roadways and agricultural 
co-ops were used to calculate transportation costs, via shortest routes from current idle cropland 
areas to the nearest co-op. Using farm-owned trucks and full allocation of capital costs to biomass 
transport, the state median biomass transportation cost is 7 $/Mg. This result is robust to diesel 
fuel price, but sensitive to truck capital total costs and allocation. Self-transportation cost is also 
sensitive to the amount of biomass produced (therefore sensitive to both yield and area 
cultivated), which varies across the state. After scaling production land areas down to more 
realistic levels using USDA Census data, self-transport costs rise to 159 $/Mg, and then fall again 
to 18 $/Mg with 10% allocation of truck costs to biomass. With these assumptions, the largest 
farms reach minimum transport costs of 10 $/Mg. However, the custom hauling cost is ~ 4 $/Mg 
at the distances calculated here, and will almost always be the most economical option.  
 
On-farm biomass pelletization (i.e. densification) is analyzed as a means to cut shipping and 
storage costs. Pelletization (204 $/Mg) costs roughly as much as production and thus far more 
than transport or storage (14 $/Mg). Sharing equipment among co-op members reduces costs to 
61 $/Mg, but pelletization is still not an economical means of reducing storage or transport costs. 
It is necessary, however, to provide fuel for pellet stoves. Labor cost constitutes the majority of 
pelletization costs in this analysis. 
 
Biomass conversion to energy is economically favorable only if it replaces propane heat, not 
natural gas or coal. This means that electricity production with biomass, even co-firing at modest 
rates, is not feasible without huge public investment in incentives. Replacing propane can be 
economical, but is sensitive to several factors, including propane price, biomass yield, financing 
arrangements, and labor costs. However, even the most favorable combination of factors does not 
yield the return on land use that farmers can expect from crop production. This means that in the 
near future, the total biomass production for energy in the state is unlikely to increase beyond the 
relatively small levels possible on idle land. 
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1. Introduction 
 
Bioenergy has distinct advantages over conventional fossil energy.  It is renewable, potentially 
carbon-neutral, and can be produced here in Wisconsin, a state that is endowed with relatively 
few energy resources [1]. However, scientists, policymakers and investors in bioenergy are faced 
with the questions of if and how bioenergy systems could “work” that is, make a profit, emit less 
greenhouse gases (GHGs) than fossil energy, protect the lands that produce biomass feedstocks, 
and leave enough land to produce food and fiber. This complicated set of factors defines the 
overall “feasibility” of bioenergy [2].  
 
When the proposal for this project was written in 2009, the comparative feasibility of bioenergy 
relative to fossil energy was more favorable, at least in terms of costs. For example, at that time 
switchgrass cost 4 $/GJ to produce in Wisconsin depending on location [2], while residential 
natural gas cost 14 $/GJ [3]. Comparison with propane, at 21$/GJ, was even more favorable [4].  
In this context, we proposed an investigation of the effects of infrastructure scale on feasibility of 
bioheat and biopower in the State of Wisconsin. Bioheat and power were chosen as the focus 
instead of biofuels partly because biofuels have already received much more attention in the 
literature, and also because heat applications are relatively important in Wisconsin.  Farmland 
was assumed to be the source of biomass feedstock, although other lands could also be used [5]. 
Our report was originally intended to show whether large-scale bioenergy with long distance 
transportation of biomass is more or less cost-effective than local- or farm-scale bioenergy with 
minimal transportation of biomass. The project was also intended to highlight the new 
infrastructure needed for optimal development of bioheat and biopower in Wisconsin. This 
infrastructure could include roadway improvements, biomass storage and handling facilities, 
retro-fits to existing burners or new stoves/burners for burning biomass.  
 
Now (as of 2013) residential natural gas costs 9 $/GJ delivered, and the popular press extols the 
virtues of this cheap, plentiful and relatively clean fuel [6], which is already used extensively in 
industrial, commercial and residential settings . Certainly, the impetus to invest in equipment and 
infrastructure to develop bioenergy has waned since 2009 [7, 8].  Another reason for the plateau 
of interest in Wisconsin’s bioenergy sector is that Wisconsin’s electric utilities have largely 
complied with the Renewable Portfolio Standard (RPS) legal requirement to obtain 10% of 
electricity from renewable sources by 2015. So far, this compliance has been accomplished 
predominantly through purchases of wind power from outside Wisconsin [9].  Thus, both market 
and regulatory forces supporting bioenergy development have diminished since 2009. 
 
However, interest, investment and R&D in bioenergy have waxed and waned before, such as 
during and after the “energy crisis” of the 1970’s [10]. The current shifts remind us that 
bioenergy feasibility is essentially a matter of cost, whether comparative costs are influenced 
partly by policy tools, or solely by markets. It is difficult to predict when the pendulum will 
swing back toward bioenergy, so an analysis of feasibility should take a broad view. This project 
and report have therefore been recast as a sensitivity analysis of bioheat and biopower feasibility 
at three different scales, emphasizing the relative importance of the scale-related factors and fossil 
fuel prices. This emphasis will help the reader to keep in mind when the scale of bioenergy 
infrastructure matters, and when it doesn’t.  
 
This report is organized according to three broad categories of bioheat and power production 
costs: (1) biomass production, (2) transportation and storage, and (3) bioenergy conversion. 
Within each category, the scale of equipment and infrastructure influences costs in multiple ways. 
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For example, a large truck for hauling biomass is expensive to buy but is also likely to be cheaper 
to operate per unit of biomass delivered. Within each category, sensitivity analyses will be 
performed to quantify the relative importance of scale vs. other factors, such as biomass yield, the 
time value of money, opportunity costs of land use, and fossil fuel prices. The report will proceed 
to synthesize the three categories via sensitivity analyses of co-firing biomass for electricity 
production (i.e. large scale); biomass burning for heat production off-farm, such as at a municipal 
building or school (i.e. medium scale); and biomass burning for heat on-farm (i.e. small scale). 
 
2. Biomass Production  
 
2.1 Assumptions 
 
In Wisconsin, many types of biomass are converted to useful energy, including animal waste, 
food processing waste and various fractions of woody biomass [11]. In this report, we focus on 
herbaceous biomass produced on farmland, primarily switchgrass (Panicum virgatum) and corn 
stover (Zea mays). This focus is partly due to the fact that Wisconsin farms already own or use 
most of the equipment needed to produce biomass feedstocks. Also, switchgrass is native and 
hardy to Wisconsin winters, and corn is the predominant crop in terms of both sales and area 
harvested in the state [12]. While both of these crops are well known biomass feedstocks [13, 14], 
different factors pertain to their production. Switchgrass is a perennial crop, grown over a 10-20 
year span, often using equipment designed for other crops. Corn stover is a by-product of annual 
corn grain production, with a new opportunity to produce (or forgo) every year, depending on the 
needs of the farm. These land and equipment considerations play out over multiple bioenergy 
scales in different ways, as we will show below. 
 
The costs of producing biomass feedstock on farms can be divided into variable and fixed costs. 
Variable costs depend on the amount of land that is being farmed; for example, the total cost of 
nitrogen fertilizer used to grow corn on a given farm varies depending on how many acres are 
devoted to corn. Fixed costs are more likely occur once per farm; for example, a farm would own 
one baler no matter how many acres of hay need to be baled. The cost of machine ownership is a 
common fixed cost on farms, and in this report we treat farm machinery as “infrastructure” 
because some aspects of machinery purchase are analogous to infrastructure investment (i.e. 
financing, opportunity costs, etc.).  
 
2.2 Production costs 
 
Table 2.1 shows the production costs per acre for switchgrass. These calculations were originally 
documented for 2007 by Myhre and Barford (2013), but are updated here using new data on 
machinery and supplies [15, 16] and land rental costs [17]. The cost calculations assume that 
switchgrass is grown on all of the idle cropland on Wisconsin farms [12]. Idle land is relatively 
likely to be sub-prime cropland, therefore yields are reduced (by 20%) relative to yields on prime 
land that are found in the literature [18-20]. The current proportion of idle to active cropland also 
determines how much of the farm machinery costs are allocated to the switchgrass enterprise, 
since most of the equipment usage and costs can be shared with other crops. 
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Table 2.1.  Switchgrass production costs per acre given the Wisconsin average land cost 
($284/ha), number of cropland hectares per farm (60), and proportion of idle cropland (8%). 
Variable costs $/ha 
  
Planting year (fuel and labor costs are for herbicide application, field preparation and planting) 
Land 284.16 
Seed 159.62 
Herbicide 55.82 
Fuel 9.07 
Labor 11.56 
Total 520.23 
  
Production year (fuel and labor costs are for herbicide and fertilizer application, mowing, 
raking, and baling) 
Land 284.16 
Fertilizer  172.50  
Herbicide  76.25  
Fuel  9.98  
Labor  14.75  
Bale wrap  15.20  
Total 572.87 
  
Fixed costs $/ha 
  
Machinery payments* 560.56 
Maintenance 68.08 
Total 628.64 
 
  
Grand Total** 1,196.24 

* Note: Machinery payments include 150 Hp 2WD tractor in addition to implements for the field 
operations mentioned above. Payments are at 8% interest over ten years. 
**Note: Grand total is an average annual value assuming one planting year and nine production 
years for a switchgrass stand. 
 
 
The average case shown in Table 2.1 is sensitive to a number of factors that vary across the state. 
The cost of switchgrass production for the nine USDA agricultural districts in Wisconsin is 
shown in Table 2.2.  Results indicate that for the average Wisconsin farm, fixed and variable 
costs each make up roughly half of the total production cost. If we assume the state average 
switchgrass yield of 6.23 Mg/ha, as simulated previously for idle land [2], then a representative 
Wisconsin production cost is $192/Mg. This cost is much higher than previous state-average 
estimates for Wisconsin [21, 22], which were 106 $/Mg when using owned equipment. The 
difference is partly due to higher variable costs, but largely due to smaller amounts of 
switchgrass-cultivating land per farm assumed in this analysis (i.e. 5 ha vs. 40 ha). This was done 
to approximate better the idle land availability on Wisconsin farms, as represented in USDA 
Census data. 
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Table 2.2. Biomass production costs by USDA district. 

 

USDA 
District 

Land 
rent 

($/ha) 

Cropland 
(ha per 
farm)* 

Idle area 
(% of 

cropland) 

Variable 
costs 
($/ha) 

Fixed 
costs 
($/ha) 

Total 
cost 

($/ha) 

Yield 
(Mg/ 
ha) 

Total 
cost 

($/Mg) 
Northwest 117.10 52 4 400.51 726.60 1127.11 5.45 206.60 
North Central 123.97 45 5 407.40 837.87 1245.27 4.21 295.09 
Northeast 154.93 51 3 438.45 738.13 1176.58 4.68 250.88 
West Central 253.27 55 11 536.46 683.84 1220.30 7.53 162.05 
Central 185.94 69 7 469.18 543.89 1013.07 6.85 147.66 
East Central 254.56 68 6 537.92 553.60 1091.52 5.35 203.74 
Southwest 353.18 52 13 638.79 720.97 1359.76 7.97 170.46 
South Central 378.48 72 7 661.64 522.50 1184.14 7.68 154.20 
Southeast 287.25 59 8 570.45 637.01 1207.46 6.85 176.11 
 
Other important trends can be seen in Table 2.2. First, the differences in variable costs ($/ha) 
between districts are entirely due to the cost of land, since all the other variable costs do not 
depend on location. Second, differences in total production cost per ton depend mostly on 
switchgrass yield. Linear regression indicates that ninety percent of the variation in total cost per 
Mg is explained by the inverse of yield. However, differences in fixed cost between USDA 
districts are not as clearly explained by the data in Table 2.2. This is because the effects of farm 
size and the proportion of idle land (i.e. the proportion of machinery costs allocated to the 
switchgrass enterprise) tend to cancel each other out across districts. To show the effects of farm 
scale and other socio-economic factors on machinery costs, we need to look at another “average” 
farm case, as described in Table 2.1. 
  
Table 2.3 shows the sensitivity of fixed and total switchgrass production costs (both in $/Mg) to 
various characteristics for the “average” Wisconsin farm (as described in Table 2.1). Each 
variable was changed by both adding and subtracting 10% of its average value. Results indicate 
that farm size has a proportional effect on fixed cost; in other words, a 10% change in farm size 
causes a 10% change in fixed costs. This also means that larger farms can produce switchgrass 
more cheaply per ton by spreading out the cost of equipment ownership over more acres. This is 
why production costs in the Central district are low even though yields are only moderate (cf. 
Table 2.2). The effect of equipment price has a similar magnitude. The effect of equipment loan 
interest rate is much smaller, but this range is an underestimate since interest rates can easily vary 
an order of magnitude more than shown in Table 2.3. 

 
Table 2.3. Sensitivity of equipment-related costs to selected variables. 

Variable (+10%) Fixed Cost ($/ton) Total Cost ($/ton) 
 Low High Low High 
Farm size 84.59 103.39 165.76 184.57 
Equipment price 84.17 101.04 165.93 182.52 
Interest rate 89.08 96.54 170.25 177.72 
Allocation to switchgrass 83.74 102.35 164.92 183.53 
Switchgrass yield 84.56 103.16 161.99 191.71 
Fuel price 93.05 93.05 173.77 174.07 
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Allocation of equipment costs is another important factor in production cost. For machinery that 
is used in other parts of a farm operation, only the proportion of usage that applies to switchgrass 
needs to be allocated as a switchgrass cost. Table 2.3 shows that for + 10% allocation to 
switchgrass (i.e. 8% + 0.8%), the effect on production costs is similar to farm size and equipment 
price. However, the case of specialized equipment is different. For example, some field trials 
have shown that conventional hay-harvesting equipment leaves up to 30% of switchgrass on the 
ground depending on harvest timing [23], which would increase the switchgrass production price 
from $192 to $258 per Mg for the average Wisconsin farm. This loss is dramatically reduced by 
use of a self-propelled harvester with a rotary head [24]. Assuming that the cost of this equipment 
is allocated 100% to switchgrass, the fixed costs of machine ownership increase from $147 to 
$258 per Mg, even though switchgrass harvest losses are reduced to zero. These costs can be 
reduced by spreading them over more acres of switchgrass production; cultivation of 8 ha would 
be necessary to bring fixed costs in line with the average farm using conventional equipment. 
This equipment-investment scenario would not be feasible on all farms, since the average amount 
of idle cropland on Wisconsin farms is ~ 5 ha. 
 
Finally, with respect to Table 2.3, we note that switchgrass yield is a very important factor in both 
fixed and total costs. Even a modest range of + 10% yield generates more change in the total 
costs per ton than any of the scale or equipment-related variables. Such a range could easily occur 
from year to year on a single farm [2]. Yield variability also underlies the differences in 
production costs across the state, as shown in Table 2.2, and creates a trend of mostly increasing 
feasibility of switchgrass production for bioenergy from north to south. On the other hand, direct 
fuel (diesel) cost contributes very little to production costs or their variability.  However, nitrogen 
fertilizer costs are roughly 90% due to fuel costs [25], so the total effect of increased fuel prices 
would be at least five times that shown in Table 2.2. A complete analysis of the ramifying effect 
of fuel costs on biomass production is beyond the scope of this report, although we will discuss 
fossil fuel costs in more detail in the report section on biomass conversion to energy. 
 
2.3 Biomass supply 
 
The supply curve in Figure 2.1 shows how the total switchgrass production in the State of 
Wisconsin would change with increasing switchgrass price. This analysis uses district-level cost 
values, and yields and totals of idle land for each county, and assumes that acres come into 
production as switchgrass price meets farm gate production costs. The high slope on the left-hand 
side of the curve shows that high yielding counties and counties with more idle land 
disproportionately dominate production, which is sensitive to price up to about 220 $/Mg. Prices 
above this level would stimulate little additional production, unless they were high enough to 
offset the value of other crop production, and biomass production was not restricted to idle land 
(see discussion of land use opportunity costs, below). 
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Figure 2.1. Switchgrass supply curve for the State of Wisconsin. 
 
To round out this discussion of biomass production cost and its major drivers, we here touch 
briefly on the opportunity cost of land use. Corn stover production provides an interesting 
example, since it is essentially a by-product of land-use decisions to grow corn for grain (i.e. 
opportunity cost is zero, if there are no other possible uses for the stover). At the farm gate, stover 
production costs 54 $/Mg, which comprises raking, baling, and nutrients to replace those in the 
stover removed from the field [22]. Planting, cultivation and fertilizer costs do not apply, since 
they are allocated to the grain production. Another contributor to low production cost is the large 
area likely to be cultivated, in this case 40 ha.  
 
In this report, we assume that biomass feedstocks are produced on idle cropland. In the case of 
switchgrass production on prime cropland, forgone income from other crops would also need to 
be taken into account. The forgone income is essentially a cost of production. The Center for 
Diary Profitability has calculated enterprise budgets for various common crops in Wisconsin [26], 
which give gross and net costs for a typical farm operation.  For example, a farm with reasonably 
good conditions for growing soybeans could expect to net $1020.50 per ha in 2012; winter wheat 
to net $1280 per ha, and dry alfalfa hay to net $793 per ha. In later sections of this report, as we 
compare the net returns of using farm-grown biomass for energy, we need to remember that 
forgone income from crops sets the bar for bioenergy feasibility at the farm level. 
 
3. Biomass Transportation and Storage 
 
The U.S. has significant infrastructure for transportation and storage of higher-value 
commodities, such as corn and soybeans [27], and milk [28]. One could assume that similar 
infrastructure exists for hay transportation in Wisconsin, since hay crops account for 17% of all 
farmland in the state, and about 20% of the state total value of crop production [12]. Since 
bioenergy crops like switchgrass are cultivated and harvested using equipment and techniques 
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similar to those for hay, it seems that biomass could use the same transportation infrastructure as 
hay. However, this is not the case. Most hay in Wisconsin is produced by dairy farms for their 
own use, and is not shipped beyond the farm gate [29].  
 
Therefore, in this section of the report we characterize the elements of biomass logistical systems 
(i.e. densification, transportation and storage) that could exist, at three different scales: the farm 
scale, with only minimal transportation (but with on-farm storage needs); the medium scale, with 
local transportation to an agricultural co-op or other distribution center; and large scale, with 
transportation to an electric power plant.  
 
3.1 Densification 
 
Both storage and transportation costs can be reduced by compacting or “densifying” biomass, 
therefore we discuss densification first. One method of densification is pelletization, which 
increases the density of herbaceous biomass from 200 to 650-700 kg/m3 [30]. Pellets have other 
advantages, such as flowability, uniformity, and reduced dust and flammability. Table 3.1 shows 
the costs of on-farm pelletization, using a hammer mill to chop biomass and a pellet machine to 
press and extrude pellets.  
 
Table 3.1. Annual costs of on-farm biomass pelletization. Values are for 36 Mg of biomass per 
year (WI state median production per farm using USDA areas of idle cropland). 
Assumptions  
Hammer mill cost ($) 5435.00 
Pellet machine cost ($) 5795.00 
Interest rate (%) 8 
Finance period (yr) 10 
% Financed 80 
Binder ($/Mg pellets) 22.05  
Hammer mill fuel (L/hr) 0.946 
Pellet machine fuel (L/hr) 4.1624 
Pellet output (Mg/hr) 0.455 
Pellets produced (Mg/yr) 36 
Labor ($/hr) 10.5 
Repair & maintenance ($/hr) 1.71 
Diesel fuel price ($/L) 0.78 
  
Annual Costs ($)  
Hammer mill payment 708.68 
Pellet machine payment 755.62 
Fuel 314.26 
Biomass 0.00 
Binder 793.83 
R&M 135.77 
Labor 831.60 
Total annual cost ($) 3539.76 
  
Cost of pellets ($/Mg) 98.33 
Capital cost ($/Mg) 40.68 
Operating cost ($/Mg) 57.65 
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Prices in Table 3.1 were found in the literature [31, 32], and from sources used in our biomass 
production analysis [16, 17], above. For the state median amount of annual biomass production 
on a farm (36 Mg), the costs of making pellets on-farm are prohibitive, nearly equal to biomass 
production cost in some districts and far above annual transportation or storage costs (see below). 
The total cost of pelletization is dominated by the labor cost, even when a farm worker operates 
the hammer mill and the pellet machine simultaneously. Increased pellet production using the 
same equipment reduces the capital cost per unit biomass but not the operating cost (Figure 3.1). 
Figure 3.1 shows that for a median-size farm, annual capital costs could be reduced from 40.68 to 
12.41 $/Mg by sharing pelletization equipment among co-op members (cf. dotted lines in figure). 
In co-op areas with larger production, capital costs are reduced to nominal levels (~ $2/Mg for the 
largest co-ops).  

 
Figure 3.1. Biomass pelletization costs as a function of annual biomass production. Dotted lines 
represent median biomass production for a Wisconsin farms (left) and median biomass destined 
for an agricultural co-op (right). 
 
However, operating cost of pelletization can only be reduced by cutting labor cost, through 
automation or through higher output rates. Operating costs are minimized at about $20/Mg in 
pellet plants that can produce 10 Mg of pellets per hour or more [30]. However, these plants have 
higher capital costs than shown in this on-farm analysis, which can only be offset by high annual 
output. In Wisconsin, total pelletization costs of 40-60 $/Mg are achieved at plants that produce 
25,000 Mg of pellets per year, and where total capital cost of equipment is on the order of $9 
million (vs. $11,000 for on-farm equipment) [30]. However, the median co-op in this analysis 
only receives 118 Mg of biomass. This means that pelletization cannot be used solely to reduce 
costs of transportation or storage, given relative costs, biomass production levels and the spatial 
distribution of farms and co-ops across the state. Pelletization could potentially be economical at 
large-scale electric power plants, as an alternative to specialized loading equipment for bales. 
Pelletization is also required when bioenergy consumers need to buy fuel for pellet stoves. In this 
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case, pellets are a high-value product (see bioenergy conversion discussion, below), and reduction 
of transportation and/or wholesale storage costs is not the sole rationale for the process.   
 
3.2 Transportation assumptions 
 
Since one of the original goals of this project was to provide a detailed spatial analysis of the 
current infrastructure with respect to biomass transportation, we begin our transportation analysis 
with the current locations of farmland and their connection to potential markets via the roadways 

in the state.  
 
Wisconsin cropland was identified using the 
Cropland Data Layer (CDL), a satellite imagery 
compilation of land types in the U.S. [33].  The 
CDL is a raster, geo-referenced, crop-specific 
land cover data layer with a ground resolution of 
56 meters. Data for the state of Wisconsin were 
selected from the national data (Figure 3.2). 
 
 
 
 
 
 
 
 
 

Figure 3.2. The Wisconsin CDL. The false-color map shows 74 land-use types (i.e. corn 
cultivation is shown in yellow).  
 
 
The biomass transportation analysis aims to determine the cost of transporting switchgrass from 
farmland parcels to their final destinations. Since one baseline assumption of this project is that 
biomass is produced on otherwise idle farmland, parcels from the “Fallow/Idle” classification of 
the CDL were chosen as transportation starting points. These parcels were extracted using 
ArcGIS Spatial Analyst software and converted to vector files. Because of the fine spatial 
resolution of the CDL, individual parcels likely represent less than the total holdings of a farm, 
and would create too many starting points for biomass shipping if each parcel was treated 
separately. Therefore, parcels were aggregated into 80 ha (~200 acre) groups, roughly the average 
Wisconsin farm size. The area and the centroid location of each aggregated group were 
calculated. 
 
For the medium and large-scale transportation scenarios, agricultural cooperatives were chosen as 
initial delivery locations because of their existing infrastructure for receiving, storing and 
processing agricultural products. Agricultural co-op locations in the state of Wisconsin were 
determined from a GIS point file obtained from a study by Bevin Moeller and Steve Ventura of 
the Land Information and Computer Graphics Facility at the University of Wisconsin-Madison 
[34]. A total of 1343 agricultural co-ops were located and identified as potential locations for 
switchgrass delivery in the state (Figure 3.3).  
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Figure 3.3. Agricultural co-op locations in 
Wisconsin. 
 
 
 
 
 
 
 
 
 
 

The roadway network of Wisconsin (Figure 3.4) was obtained as a network GIS file [35]. It was 
assumed that biomass is transported as 0.5 Mg bales on tractor-trailers capable of carrying 26 
bales per load [36], taking the shortest navigable route from farm to co-op using any type of 
roadway.  To do this, the distance between the centroid of each land parcel group and the nearest 
roadway was determined, and then the distance to the nearest agricultural co-op was calculated 
and added using ArcGIS Network Analyst. Mileage, speed, fuel and labor costs were calculated 
as in our prior Focus on Energy report [21], except that costs were also calculated for a smaller 
truck (4.54 Mg capacity, 4.26 km/L of diesel fuel). The smaller truck is assumed to transport 
biomass pellets. The analysis was then repeated using corn and alfalfa land parcels from the CDL, 
to test for the robustness of the analysis to the exact locations of land types on the CDL. Since the 
CDL contains much more farmland area in corn and alfalfa than in idle parcels, corn and alfalfa 
parcels were chosen at random until total switchgrass production from those parcels equaled 2 
million Mg, the state total production from idle parcels in the CDL. 

 
 
 
Figure 3.4. Roadway map of Wisconsin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3.3 Transportation costs 
 
Results show that for individual farms (i.e. land parcel groups), there is a strong relationship 
between distance to the nearest agricultural co-op and transportation cost (Figure 3.5).  
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Figure 3.5. Biomass transportation cost vs. trip length from land parcel groups to nearest 
agricultural co-op. Parcel group locations and sizes were found using the Wisconsin CDL. Panels 
show switchgrass transportation from current (a) Fallow/Idle, (b) Corn and (c) Alfalfa land 
parcels on the CDL. Semi-tractor transports bales; 5-ton truck transports pellets. 
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However, the relationships between cost and trip length are not perfectly linear for two reasons. 
First, parcel groups with higher production, either due to higher yield or greater area, can spread 
the fixed costs of truck ownership over more biomass, contributing to lower transport costs per 
bale (or per Mg of pellets). Second, one truck from most starting points is incompletely loaded. 
This creates higher transportation cost per unit of biomass for the incomplete load. This effect is 
more pronounced for longer trips, and for origination points with fewer truckloads, both of which 
are more likely to occur in northern and western districts. In practice, the extra cost associated 
with incomplete loads could be reduced by flexible choice of truck size, which is possible with 
hired trucking services. Purchased trucks need to be sized carefully, especially for smaller farms. 
 
It is important to note that the values and trends in Figure 3.5 are strongly influenced by the 
method of choosing land parcels on the CDL map.  For Fallow/Idle land, there are more parcels 
in the northern part of the state, which creates a higher frequency of long trip lengths to the 
nearest co-op. Also for Fallow/Idle land, parcel groups are much larger than the expected idle 
land per farm as indicated in the USDA Census [37]. This may be partly due to the fact that 
distinguishing idle land from pastures, hay land and other non-farm parcel types is technically 
difficult [38]. Re-calculating costs using the expected areas of idle land per farm (per USDA 
Census) for each county yields very different results (Figure 3.6).  
 

 
Figure 3.6. Biomass transportation cost vs. trip length from reduced-area Idle/Fallow land parcel 
groups to nearest agricultural co-op. Parcel group locations were found using the Wisconsin 
CDL, but areas were reduced to reflect USDA Census of Agriculture data. Panel (a) shows 100% 
allocation of truck costs to biomass transport, panel (b) shows 10% allocation (note different y-
axis scale). 
 
Figure 3.6a shows that fixed costs of truck ownership completely dominate the transport cost for 
smaller levels of biomass production, such that ownership for biomass transport alone is 
prohibitive for most farms. However, if trucks are used for other purposes on the farm, and part of 
the cost of ownership can be allocated elsewhere, the situation changes. Figure 3.6b shows that 
with 10% allocation of truck ownership costs to the biomass enterprise, the cost of ownership is 
greatly reduced (i.e. lower costs at short trip distances relative to Figure 3.6a), and the influence 
of trip length on cost can again be seen (i.e. slight positive slope in the plot). Variation of self-
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trucking costs across the state, using USDA Census parcel sizes and 10% allocation, is shown in 
Table 3.2. 
 
Table 3.2. Median biomass transportation cost, farm production and distance to nearest co-op, by 
USDA Agricultural District. Assumes use of semi tractor. 
USDA District Transportation cost ($/Mg) Trip distance (km)  

 
Farm production (Mg/year) 

    
Northwest 49.42 63.0 12.07 
North Central 58.84 40.0 10.13 
Northeast 38.77 36.0 15.84 
West Central 11.27 44.5 64.90 
Central 13.86 49.0 49.72 
East Central 24.16 16.5 25.73 
Southwest 9.97 50.0 81.18 
South Central 15.11 14.5 44.08 
Southeast 16.68 5.0 39.26 

 
 
Results in Figure 3.6 beg the question of how much biomass production warrants truck ownership 
for transportation. Figure 3.7 shows that transportation costs level out just below $10/Mg for 
annual production levels above 60 Mg.  
 

 
Figure 3.7. Biomass transportation cost vs. total production per farm. Analysis assumes 10% 
allocation of truck ownership costs to biomass transport, and idle land areas according to the 
USDA Census of Agriculture. Dotted line represents custom hauling price. 
 

0 20 40 60 80 100 120

0
10

20
30

40
50

Biomass  Transport  Cost  vs.  Production

farm  biomass  production  (Mg)

tra
ns
po
rta
tio
n  
co
st
  ($
/M
g)

semi-tractor
5-ton  truck



	   21	  

Note that each production level in Figure 3.7 represents a county, and the vertical spread of costs 
in each county represents the variation due to different transportation distances (and incompletely 
loaded trucks). Also note that for farms with less production, the cost savings of the smaller truck 
much is much greater. This is true even though the hauling efficiency of the large truck is better 
for full loads (4.26 Mg biomass /L of diesel fuel, vs. 2.64 Mg/L for the smaller truck). However, 
the comparison between purchased truck sizes is mostly moot. The dotted line in Figure 3.7 
shows the cost of custom hauling, at 2.00 - 4.00 $/Mg [36, 39] for the state median trip distance. 
Assuming that custom hauling services are available, this will almost always be the more 
economical way to transport biomass, given Wisconsin farm sizes and the cost of truck 
ownership. Increases in diesel cost could change the comparative costs of self vs. custom hauling, 
since custom prices would be more sensitive. If we assume that half of the custom hauling price 
reflects fuel cost, then diesel price would have to increase approximately 10-fold in order to make 
truck ownership feasible. 
 
In terms of road infrastructure, the density of roadways within the local area of farms (i.e. within 
the same county) has only a modest effect on transport cost (Figure 3.8). This suggests that the 
general availability of roads is less important than the exact routes and connections between 
farms and co-ops. In all likelihood, the locations of farms have already been optimized with 
respect to roadways, and co-ops have also been located with respect to roads and farms.  
 

 
Figure 3.8. Biomass transportation cost vs. roadway density by county. Costs assume 10% 
allocation of truck ownership to biomass transportation, and idle land areas according to the 
USDA Census. 
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3.4 Storage  
 
Unlike transportation, the storage of herbaceous bioenergy crops can be modeled on existing 
storage systems for dry hay, which are well characterized in Wisconsin [40, 41]. The function of 
storage systems is to prevent dry matter (DM) loss due to microbial decay, which is accelerated in 
warm and/or wet conditions. For large round hay bales on the ground, with no covering, DM loss 
can be as high as 10% over a 6-month storage period, or 13% over 12 months [41]. A similar 
analysis in New York State cited DM loss rates up to 37% [42]. Assuming that biomass has a 
market value equal to production costs, this means that DM loss and transportation costs are 
roughly equivalent for the state of Wisconsin (~ $20/Mg). Proper storage can reduce DM loss 
greatly, down to 2% over 12 months when using a shed or barn. However, structures are 
expensive modes of storage. A crushed rock pad, which prevents wicking of moisture from the 
ground into the bales, is a cheaper alternative. Together with a bale covering (e.g. net wrap), 
which is already included in production costs in this analysis, DM loss on a crushed rock pad is 4 
or 5% over 6 or 12 months, respectively [41]. Assuming that a crushed rock pad costs $5.00 per 
square meter installed [41], storage would cost $5.80/Mg of biomass. This would reduce DM loss 
to 4% over a 6-month average storage time, still costing a further $8/Mg. However, the total cost 
of properly stored biomass is less than the cost of DM loss from uncovered bales on the ground. 
Clearly, this feasibility comparison depends on the market price of biomass. If biomass price is 
below $97/Mg, the crushed rock pad cost is not offset by the value of preserved DM. 
 
Another cost that could be associated with storage is the land area required. Assuming that 0.5 
Mg bales are stacked in 6-bale pyramids, the median area required for storage on Wisconsin 
farms (using USDA Census idle land areas) is 84 square meters, which has relatively little value 
(Figure 3.9a).  

 
 
Figure 3.9. Histograms of biomass (bales) storage areas required per farm (a) and per agricultural 
co-op (b). 
 
However, the biomass could also be stored at an agricultural co-op. In this analysis, 540 
agricultural co-ops were identified as the nearest shipping point for biomass from Fallow/Idle 
land parcels. The analysis shows that these co-ops would receive a median of 118 Mg of biomass, 
which would require 274 square meters of storage space. However, 8 co-ops require more than 
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0.4 hectares (i.e. more than an acre), which is a prohibitively large area. In practice, even more 
area would needed, since larger numbers of bales require spacing to allow ventilation and better 
access. In such cases, farms could store the biomass more economically than co-ops. Table 3.3 
shows the comparative areas needed for storage at farms and co-ops across the state. These results 
suggest that especially in the Southwest and West Central districts, the majority of biomass that 
could be produced on idle farmland would need to be stored on-farm.  
 
Storage needs for pellets are different from bales, since pellets can be bagged and DM losses are 
minimal. However, the area needed to store pellet bags could approach that for bales, since the 5-
meter stacking height [41] assumed here for bales may not be possible for bags, depending on 
available equipment. Specialized storage bins or bunkers could be used instead of bags where 
space is limited, but at higher storage cost. 
 
 

Table 3.3. Areas (square meters) required for biomass storage at Wisconsin farms and agricultural 
co-ops. 

USDA District Farm median Farm Maximum Co-op median Co-op maximum 
Northwest 28 101 258 4,651 

North Central 24 105 105 869 
Northeast 37 69 83 691 

West Central 151 212 1007 4,662 
Central 115 150 618 2,844 

East Central 60 128 187 2,869 
Southwest 189 269 1732 7,127 

South Central 102 174 292 1,971 
Southeast 91 145 182 1,094 

 
 
4. Bioenergy conversion 
 
When comparing bioheat and biopower with fossil-based heat and power, both the fuels and the 
energy conversion equipment need to be compared, since both influence the cost, carbon balance 
and logistic factors. Roughly speaking, fuel constitutes the operating cost, and conversion 
equipment, such as stoves and boilers, constitutes the capital cost.  
 
4.1 Fuels 
 
A comparison of relevant fuels is shown in Table 4.1, which is a modified and updated version of 
Tables 1.1 and 4.2 from [30]. The price of biomass per GJ of energy is higher than in previous 
estimates, partly due to the smaller land areas per farm used to grow switchgrass in this analysis, 
and partly due to higher current agricultural input prices, such as fertilizer and diesel fuel. 
However, biomass price still occupies the middle ground between inexpensive coal and natural 
gas, and expensive propane and heating oil. The costs of biomass pelletization, storage and 
transport do not change these comparisons appreciably for any situations found in Wisconsin. For 
example, the 580 km distance to a power plant in Table 4.1 was chosen to represent a trip from 
Janesville to Bayfield, a very long trip relative to all possible trips to power plants within the 
state. The increased trip distance increases the price of delivered biomass by 24% relative to co-
op delivery. This is a large increase, but it does not change the outcome of the price comparison 
between biomass and coal or natural gas, the fuels used at Wisconsin power plants. For biomass 
to be competitive, coal and natural gas prices would have to increase by 3- to 6-fold. The 
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analogous comparison between biomass and propane is also robust: neither shipping to an 
agricultural co-op nor pelletization negates the price advantage of biomass over propane, which is 
widely used for heat in rural areas. 
 
Table 4.1. Price and net life-cycle greenhouse gas emissions (GHG) of selected fuels, per GJ of 
energy. Prices of fossil fuels are for delivered fuel (not spot prices). Switchgrass biomass costs 
are for state median yields, farm areas cultivated, median distance to nearest agricultural co-op. 
Bales and pellets are assumed to be stored on-farm for an average of 6 months. Shipping distance 
to power plant was assumed to be 580 km (i.e. from southern to northern Wisconsin). Shipping 
cost was calculated using custom hauling rates. 

Fuel 
Price  
($/GJ) 

Net GHG  
(kg CO2 eq/GJ) 

Coal 2.90 92 
Natural Gas 4.27 58 
LP Gas (propane) 20.61 68 
Fuel Oil 24.04 85 
Switchgrass   
 - Bales at farm 11.54 -0.02 
 - Bales at co-op 11.77 -0.02 
 - Bales at power plant 14.65 -0.02 
 - Pellets at farm 14.70 -0.02 
 - Pellets at co-op 14.92 -0.02 
 - Pellets at power plant 17.81 -0.02 

 
 
Table 4.1 also shows that perennial grass fuel grown in Wisconsin is carbon neutral. It is 
interesting to note that pelletization and transport do not appreciably change the life-cycle GHG 
emissions of switchgrass, since the diesel fuel used emits only negligible amounts of GHGs when 
normalized by the energy content of the biomass being densified or shipped (~ 1 million times 
less; data not shown). Although the biomass supply is carbon neutral, it is unlikely to be used as a 
feedstock at Wisconsin power plants in the near future due to its high cost relative to coal and 
natural gas. The main policy tools to encourage use of biomass for electric power production have 
been mandates such as RPS and, in Europe, the price of carbon (i.e. price GHG emissions). As 
discussed above, Wisconsin has largely fulfilled its RPS for electric power through purchase of 
wind power. Future RPS to encourage biomass use would likely need to require biomass use 
specifically, since the prices of other renewables are likely to fall over time [43].  
 
Market-based, carbon price incentives to use biomass instead of coal or natural gas are also 
possible. Using the data in Table 4.1 we can calculate the price of carbon needed to equalize the 
costs of coal or natural gas vs. biomass, ignoring differences in energy conversion efficiency and 
fuel life-cycle emissions other than burning. For coal, the carbon price needed is 128 $/Mg CO2 
eq when using biomass bales, and $162 when using pellets. For natural gas, the breakeven carbon 
prices are $179 and $233 for bales and pellets, respectively. The current price of carbon in Europe 
is 4 $/Mg CO2 eq [44], far lower than the breakeven prices needed in this analysis. There is 
currently no carbon market in the U.S., but when the Chicago Climate Exchange was operating 
during 2003-2010, its carbon prices fluctuated between 0.1 and 7 $/Mg CO2 eq [45]. These data 
indicate that the policies and parameters governing carbon markets need to change significantly 
before they can shift electricity generation, or other coal and natural gas applications, toward 
biomass feedstocks. 
 



	   25	  

4.2 Equipment 
 
Table 4.2 shows the characteristics of biomass burners appropriate for small and medium scale 
heating needs (i.e. farm and municipal, respectively). In each case, a switchgrass pellet stove is 
compared to a propane boiler, both assumed to be 80% efficient. Switchgrass production was 
assumed to take place on 4.7 ha of idle land per farm, with yield of 6.23 Mg/ha. State median 
pelletization, storage and transport costs were also assumed (see Section 3). 
 
Table 4.2. Base cases for bioenergy conversion equipment on farm (small scale), and at a 
municipal building (medium scale) near an agricultural co-op.  

 Farm  Municipal  
Credits   
Heat delivered (GJ/yr) 73.85 1534.46 
Conversion efficiency (%) 80 80 
Fuel heat required (GJ/yr) 92.31 1918.08 
Biomass required (Mg/yr) 5.18 107.60 
Cost of propane ($/yr) 1902.56 39531.61 
Cost of biomass ($/yr) 1377.30 28617.74 
Fuel savings ($/yr) 525.26 10913.87 
   
Costs   
Cost of stove ($) 3799.00 124000.00 
% financed 80 80 
Interest rate (%) 8 8 
Finance term (yrs) 20 20 
Down payment ($) 1069.35 34903.74 
Payments ($/yr) 309.55 10103.74 
Labor ($/yr) 262.50 656.25 
Delivery ($/yr) 170.00 0.00 
   
Net savings ($/yr)* -216.79 153.88 
Net present value ($)** -3555.93 -33138.75 

*Net savings is calculated as fuel savings, less the annual payment, labor and delivery costs. 
**Net present value is calculated using a 6% discount rate. 

 
The small-scale stove can heat a 2,000 ft2 (186 m2) house with annual heat needs of 74 GJ [46-
48]. Note that production from the median amount of idle land per farm is more than enough to 
fuel the stove. Labor to operate the stove is assumed to be 15 minutes per day for 100 days at 
$10.50 per hour [17], since many stoves have hoppers large enough to hold a two to three-day 
supply of pellets. The pellet delivery cost is based on charges for three deliveries per year [49]. 
For the base case, the net annual savings (which does not incorporate the down payment cost) are 
negative, which means that every year the pellet stove costs more to own and operate than the 
propane boiler. This is true even though total cost of pellet fuel is less than propane; this fuel cost 
advantage is insufficient to offset the equipment expense. The net present value (NPV, which 
does incorporate the down payment) is also negative. NPV is an index of the time value of 
money, which discounts future cash flows relative to near-term cash flows. NPV is commonly 
used to evaluate proposed investments or projects, and negative NPV such as this indicates an 
unfavorable investment. However, the net savings and NPV are quite sensitive to many factors 
which are explored in section 5, below. 
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The medium-scale stove can heat a municipal building, such as a town hall or small school [50]. 
Either type of building may otherwise heat with propane or heating oil in rural areas. In this case, 
the heat delivered is 1,534 GJ/yr. Labor is assumed to be 15 minutes daily. Municipal staff are 
assumed to deliver pellets once per year in bulk, and so delivery cost would be less than $170 and 
thus negligible relative to other costs. For the base case, annual net savings are positive, but NPV 
is negative. This indicates that the positive annual cash flows are not enough to compensate for 
the opportunity cost of the 20% down payment, and that project investors could reasonably 
expect to get a better rate of return on other investments. As with the small-scale case, the 
medium-scale case is sensitive to several factors, which will be analyzed below. 
 
Both the small and medium-scale base cases involve replacement of propane by biomass, and so 
GHG emissions are reduced. Ignoring GHG emissions during the provision of these fuels and 
assuming the current European carbon price of 4$/Mg CO2 eq, the farm stove could earn carbon 
credits of 251/$yr, and the municipal stove could earn 5,217 $/yr. With these credits, some of the 
cases would change from negative to positive net annual cash flows.  
 
The large-scale case differs from the others in critical ways. First, electricity is produced rather 
than heat. Electricity is a relatively cheap commodity that normally benefits from economies of 
scale [51]. Second, switchgrass is co-fired with coal or natural gas, thus partially replacing a 
much cheaper fuel. Each GJ of fossil fuel replaced results in a $10-12 loss. In order to be feasible, 
an incentive or other policy tool is needed to offset this loss as well as the capital cost of added or 
retrofitted equipment (usually biomass processing and feeding equipment), and added labor, 
maintenance and storage costs [52, 53]. Also, conventional electricity generation is significantly 
less efficient than heat production, and biomass co-firing further reduces efficiency due to 
incomplete combustion and parasitic electricity use for processing and loading biomass [53]. 
Together, the capital and operating costs of co-firing 5% biomass add 20% to the loss already 
incurred by the biomass cost itself [53]. 
 
Wisconsin currently has about 30 electric power plants with at least 100 MW capacity, plus many 
other small plants [54]. The biomass production on idle land in Wisconsin as calculated in this 
analysis (547,000 Mg) would be enough to replace all of the fossil fuel (usually coal) burned at 
one 100 MW plant operating continuously [53], or enough to co-fire 10% biomass at 10 power 
plants. Given such a limited supply of biomass and the difficulty of providing a means to 
compensate electric power producers (and electricity consumers) for the increased fuel cost, co-
firing biomass to produce electricity is an inferior means of reducing GHG emissions, especially 
when compared to bioheat applications. For these reasons, large-scale infrastructure is not 
included in the sensitivity analyses that follow. 
 
5. Sensitivity Analyses and Discussion 
 
Several factors can change the feasibility of replacing propane with biomass at the farm scale 
(Table 4.3). The most potent factor is fossil fuel price, which could easily fluctuate by 50% 
during the 20-year life of a pellet stove [55]. A 50% increase over the current price makes both 
the annual net savings and the NPV of a pellet stove project quite favorable. The $734 annual net 
saving calculated here is slightly generous since propane price is linked to other petroleum 
products, like diesel, which would in turn increase the cost of pellets (cf. Table 3). Biomass yield 
can also vary by 50% from year to year [2], generating profit (as shown in the next column of the 
Table) but also loss when yields are low. Cash purchase the pellet stove is another interesting 
case. Elimination of interest payments cuts the annual net loss in half relative to the base case. 
However, the NPV remains about the same because all of the capital expense falls in year one of 
the project, which has more impact on NPV than future years. Most interesting is the case of self-
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delivery of pellets and self-labor to operate the stove. This case essentially represents a 
farmer/stove owner decision to donate farm labor to the bioenergy project. This could be possible 
if the donated labor does not displace other farm work that could yield economic returns (e.g. 
tending the stove at a time of day when no other work is normally performed). This decision 
creates favorable annual net savings and positive NPV, and is also noteworthy because it is the 
only factor shown in Table 4.3 that the farmer/operator can control. 
 
Table 9. Sensitivity analysis of bioenergy conversion on farm (small scale). 

 
Base 
case 

Propane 
price 
+50% 

Biomass 
yield + 
50% 

0% 
interest 

Self-
delivery & 
labor 

Credits      
Heat delivered 
(GJ/yr) 73.85 73.85 73.85 73.85 73.85 
Conversion 
efficiency (%) 80 80 80 80 80 
Fuel heat 
required 
(GJ/yr) 92.31 92.31 92.3125 92.3125 92.3125 
Biomass 
required 
(Mg/yr) 5.18 5.18 5.18 5.18 5.18 
Cost of 
propane ($/yr) 1902.56 2853.84 1902.56 1902.56 1902.56 
Cost of 
biomass ($/yr) 1377.30 1377.30 996.84 1377.30 1377.30 
Fuel savings 
($/yr) 525.26 1476.54 905.73 525.26 525.26 
      
Costs      
Cost of stove 
($) 3799.00 3799.00 3799.00 3799.00 3799.00 
% financed 80 80 80 0 80 
Interest rate 
(%) 8 8 8 0 8 
Finance term 
(yrs) 20 20 20 20 20 
Year 1 
payment ($) 1069.35 1069.35 1069.35 3799.00 1069.35 
Payments 
($/yr) 309.55 309.55 309.55 0.00 309.55 
Labor ($/yr) 262.50 262.50 262.50 262.50 0 
Delivery ($/yr) 170.00 170.00 170.00 170.00 0 
      
Net savings 
($/yr) -216.79 734.49 163.68 -97.19 215.71 
Net present 
value ($) 

-
3555.93 7355.19 808.00 -3825.00 1404.81 
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In the small-scale analysis, the variations on the base case are chosen with the farmer’s point of 
view in mind. Another possible variation would use idle land to grow other crops, or use 
cultivated cropland to grow switchgrass. In either case, the farmer must forgo the income from 
crops to produce switchgrass. For example, Wisconsin dry alfalfa hay nets the producer 793 $/ha 
annually, which has an NPV of 9,096 $/ha over 20 years at 6% discount. This is much greater 
than the NPV of any of the farm-scale cases in Table 4.3 when expressed on a per-hectare basis. 
Even the high propane price case, the most favorable, has NPV of 1,565 $/ha. This means that on 
lands that are suitable for annual (vs. only perennial) crop production, crop income is much more 
likely to govern land use decisions than any of the factors in Table 4.3. Also note that other crops 
generate even more cash income than alfalfa.  
 
Table 4.4 shows a similar set of factors for medium-scale bioenergy conversion.  
 

Table 4.4. Sensitivity analysis of bioenergy conversion at a municipal building (medium scale). 

 Base case 
Propane 
price +50% 

Biomass 
price -10% 

Stove 
efficiency 
+10% 0% interest 

Credits      
Heat delivered 
(GJ/yr) 1534.46 1534.46 1534.46 1534.46 1534.46 
Conversion 
efficiency (%) 80 80 80 90 80 
Fuel heat 
required (GJ/yr) 1918.08 1918.08 1918.08 1704.96 1918.08 
Biomass 
required 
(Mg/yr) 107.60 107.60 107.60 95.64 107.60 
Cost of propane 
($/yr) 39531.61 59297.41 39531.61 39531.61 39531.61 
Cost of biomass 
($/yr) 28617.74 28617.74 25755.96 25437.99 28617.74 
Fuel savings 
($/yr) 10913.87 30679.67 13775.64 14093.62 10913.87 
      
Costs      
Cost of stove 
($) 124000.00 124000.00 124000.00 124000.00 124000.00 
% financed 80 80 80 80 0 
Interest rate (%) 8 8 8 8 0 
Finance term 
(yrs) 20 20 20 20 20 
Year 1 payment 
($) 34903.74 34903.74 34903.74 34903.74 0.00 
Payments ($/yr) 10103.74 10103.74 10103.74 10103.74 6200.00 
Labor ($/yr) 656.25 656.25 656.25 656.25 656.25 
      
Net savings 
($/yr) 153.88 19919.68 3015.65 3333.63 4057.62 
Net present 
value ($) -33138.75 193573.46 -314.43 3332.72 46540.57 
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As in the small-scale case, propane price has the greatest influence over feasibility of the 
bioenergy project. Even a modest 10% increase in propane price generates annual savings of 
$4100 and NPV of $125,000 (not shown in table). Decreased biomass price (10% decrease) 
creates slightly more annual net savings than the base case, but not positive NPV. This price 
decrease is more realistic than a 50% decrease, because the pellet buyer may have a multi-year 
contract based upon the average biomass price over time. Increased stove efficiency relative to an 
older propane boiler also improves the project outlook, yielding both positive net savings and 
NPV. Pellet stove efficiencies of 90% are common [47, 50]. Finally, the zero-interest case has a 
similar outcome to the improved stove efficiency case, with relatively modest but positive net 
annual savings and NPV. The zero-interest case differs from the “no financing” case in the small-
scale analysis, since payments are spread over the 20-year term, not paid in cash in year one as in 
“no financing”. This represents the potential effect of a policy or incentive to encourage bioenegy 
use via a “no money down, zero-percent financing” approach. This is more attractive than paying 
cash for a stove, because the opportunity cost of the money paid is lower (NPV is higher). As in 
the small-scale analysis, the factors that the stove operator can control, namely stove efficiency 
and financing arrangements, give modest but positive improvements in project feasibility relative 
to the base case. 
 
6. Conclusions 
 
As described in the Introduction, this report seeks to frame the relative importance of several 
infrastructure and logistic factors in the feasibility of Wisconsin’s farm-based biomass production 
for bioheat and power. It was anticipated that transportation would be a key cost governing 
feasibility, but that is not the case, especially with custom hauling costs of 2 - 4 $/Mg for the 
distances involved. Likewise, transportation is not a significant contributor to the carbon footprint 
of bioenergy, when the transportation emissions are normalized by the energy content of the 
transported fuel.  
 
Pelletization costs are roughly equivalent to transport costs. Thus, pelletization is not an effective 
way to reduce overall costs of delivered biomass, but it is necessary where consumers need fuel 
in pellet form. At the farm and co-op scales, labor is a large part of pelletization costs. Labor 
costs per Mg of pellets are difficult to reduce given the much higher cost of high-throughput 
pellet machines, which process much more biomass than individual farms or co-op groups can 
produce. Storage costs are less than pelletization costs; simple crushed rock pads are the most 
effective storage mode. However, storage considerations become important when the land 
available to devote to storage is insufficient. This is true at some co-ops in western parts of the 
state and makes farm storage of biomass the preferable option there.  
 
The big picture of bioheat and biopower feasibility is framed by the relative prices of fossil and 
bio fuels. Fossil fuels for electricity are cheaper than biomass, and thus electric power from 
biomass is not feasible. Propane and heating oil are more expensive than biomass, and thus 
bioheat is feasible – sometimes. Feasibility depends on whether the fossil vs. biomass price 
differential can pay for the other costs (capital and operating) of producing bioheat. Even though 
the fuel price differential is much smaller in this study than others, due mainly to the high cost of 
producing biomass on small plots of idle land, positive cash flows can be achieved for pellet 
stove “projects.” It is interesting to note that choices with respect to financing, labor and pellet 
stove efficiency yield modest but solid positive cash flows, whereas the vagaries of energy 
markets and weather can create large swings toward either profit or loss. 
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