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Abstract: An economic analysis of a non-woody biomass pelleting process was performed for conditions in the Republic 

of Ireland. The analysis considered the establishment, harvest, storage and drying costs of the feedstock’s on-farm, 

together with transportation costs to the processing plant and the costs associated with the pelleting process.  

Capital and operating costs of the pelleting process were estimated at several plant capacities – 6t / h, 8t / h and 10t / h. 

The pellet production cost for the base case scenario of 8t / h was 102 / t of pellets produced. By decreasing production 

capacity to 6t / h an increase in the production cost of 10 / t was experienced while increasing capacity to 10t / h resulted 

in a decrease of 6 / t in the production cost of pellets.  

The cost of the raw material is the largest cost component (66%) of the total pellet production cost. Other major cost 

factors include pelleting and cooling plant (11%), straw grinding plant (10%) and personnel costs (9%).  

Considering current energy prices the equivalent energy cost of 7 / GJ (excluding profit margins) the potential 

production of non-woody biomass pellets competes favourably with oil and gas and was found to be economically viable.  

Keywords: Non-woody biomass, economic analysis, production costs, storage costs, transportation costs, pelleting costs.  

1. INTRODUCTION  

Due to the posed threat of climate change, the volatile 
fossil fuel market and the need for an independent energy 
supply to sustain economic development all necessitate the 
need for sustainable and renewable energy resources [1]. 
Biomass is the most common form of renewable energy and 
represents the greatest opportunity as a feedstock for biofuels 
[2]. All types of woody biomass, agricultural residues and 
energy crops are suitable raw materials for pellet production 
[3]. Pellets are a key technology for increasing biomass use 
in both electricity and heat production, while research by 
Styles et al., 2008 has demonstrated that co-firing energy 
crop biomass for electricity and heat production can 
demonstrate substantial greenhouse gas (GHG) emission 
savings [4, 5]. This is due to biomass being CO2 neutral, the 
emitted CO2 during combustion originates from the CO2 
taken up by the biomass (closed carbon cycle), hence no 
increase in overall CO2 emissions [5].  

In considering the cost of non-woody biomass (cereal 
straws – wheat, oats, barley and rape straw and energy crops 
– miscanthus and willow) as a feedstock for pellet 
production the following needs consideration:  

• Establishment cost  

• Harvest cost  
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• Storage cost  

• Transport cost [6].  

Harvesting represents one of the most significant costs in 
the production of biomass feedstock [2]. The method of 
harvest influences both the storage and transport costs [6]. 
Due to the low bulk density of agricultural cereal straws and 
energy crops the transportation payload is low with the result 
that transport can account for 70% of the total biomass fuel 
cost [2, 6, 7]. Previous research conducted by McKendry, 
2002 into the production cost of non-woody biomass has 
reported costs of 45 / tonnes dry matter (£28 / t dm) for 
cereal straw and 75 / tonnes dry matter and 86 / tonnes dry 
matter (£47 / t dm and £54 / t dm) for short rotation coppice 
and miscanthus respectively (2002 exchange rate Pound 
Sterling to Euro) [2, 8]. Styles et al., 2008 reported produc-
tion costs in Ireland of between 37 – 48 / t dm for miscan-
thus and 31 – 46 / t dm for short rotation coppice willow 
[5]. In Denmark the production cost for big bales of straw 
(1.2m x 1.2m x 2.4m) delivered to the pellet plant is 61 / t 
@ 15% moisture content [9].  

The storage of biomass is generally on farm prior to pel-
leting [6]. Biomass storage can take many different forms:  

• Storage in the open air, with or without covering  

• Storage in existing or new farm buildings  

From previous research conducted by Nolan et al., 2009 
it can be concluded that covered storage of some form is 
essential to guarantee a year round supply of quality, dry 
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feedstock [11]. Storage costs are lowest when the density of 
the material is high [6]. Drying of the biomass can take place 
either in the field if weather prevails, in on-farm storage or at 
the industrial installation [10]. Drying generally takes place 
in on-farm storage (under plastic or roofed storage) [6, 11]. 
When considering the moisture content of agricultural cereal 
straws and energy crops many raw materials can be delivered 
at moisture content of less than 20% neglecting the need for 
drying of the biomass [3]. Under the research conducted by 
Nolan et al., 2009 miscanthus bales with an initial moisture 
content of 39% moisture content wet basis was dried to un-
der 20% in covered storage using natural ventilation of am-
bient air [11].  

Transport costs are largely a function of the distance 
travelled and the energy density of the biomass type and 
transport form (chip or baled) [2]. Transportation of biomass 
can be in the form of chipped, chipped and compacted or 
baled utilising a truck with semi-trailer (1 or 3 axle), truck 
with trailer, container transport (2 or 3 axle) or agricultural 
tractor and trailer [6]. An average payload of 14.7 t dm can 
be achieved for baled material (bulk density 145 kg dm / 
m3), 11.2 t dm for chipped material (bulk density 100 kg dm 
/ m3) and 30 t dm for chipped and compacted material (bulk 
density 265 kg dm / m3) [6, 12]. According to research con-
ducted by Huisman et al., 1997 the average transport cost for 
baled material is 1.07 / km (payload 14.7 tonnes dm), for 
chipped material 1.07 / km (payload 11.2 tonnes dm) and 
for chipped and compacted material is 1.15 / km (payload 
30 tonnes dm) [6]. Research conducted by Garstang, 2002 
calculates the cost of baled transport at 0.13 / km / t dm 
(£0.08 / km / t dm) and chipped transport at 0.21 / km / t 
dm (£0.13 / km / t dm) (2002 exchange rate Pound Sterling 
to Euro) [12].  

An economic analysis of the production of biofuel pellets 
utilising non-woody biomass as a raw material should con-
sider not only the feedstock cost but also the plant capacity, 
drying cost and plant utilisation time [7]. The capital cost of 
any plant depends on the material [13]. For wood waste the 
moisture content of the raw material is optimum between 10 
– 12% [14]. A typical pelleting process involves the majority 
if not all of the following operations:  

• Primary grinder  

• Secondary grinder  

• Drying  

• Pellet mill  

• Cooling  

• Bagging of pellets [7, 12-14].  

Densification or pelleting of the raw material is achieved 
by forcing the raw material under high pressure and tempera-
ture through the die openings [7, 14]. The resulting pellets 
are cylindrical, of 6 – 8mm diameter and 10 – 12mm long 
[7]. Depending on the particle size and form of the biomass 
two grinding operations may be required to achieve a maxi-
mum particle size less than that of the pellet diameter [13]. 
Such a grinding operation is necessary for baled biomass or 
whole logs. Pelleting non-woody biomass increases the bulk 
density of the material from approximately 30 kg / m3 to 
between 550 and 700 kg / m3 [7].  

Previous research has being conducted to investigate the 
economics of producing pellets from biomass. Research 
conducted by Mani et al., 2006 evaluated pellet production 
costs at 38 / tonne ($51 / tonne – 2006 exchange rate U.S 
Dollar to Euro: capital cost - $6 / tonne and operating cost - 
$45 / tonne) [7, 16,17]. Thek and Obernberger, 2004 com-
pared the cost of producing pellets under Austrian and Swed-
ish framework conditions [15]. Under Swedish conditions 
pellets could be produced at 62.40 / tonne compared with 

90.70 / tonne under Austrian framework conditions. The 
main reasons for this are larger plant capacities, greater dryer 
efficiency through heat recovery and lower electricity cost 
(Sweden - 3.7 / tonne and Austria - 7.5 / tonne) [15]. The 
major cost factors in the production of pellets from biomass 
are the raw material costs and personnel costs [7]. After 
these costs the cost of drying is a considerable factor depend-
ing on the type of dryer technology and fuel used. If heat 
recovery from the process is possible or if heat recovery 
from CHP can be utilised for drying the efficiency of the 
drying process is greater and the cost reduced [7, 15]. The 
production costs of pellets are affected by feedstock price, 
plant capacity and plant utilisation. The greater the plants 
production capacity (tonnes / hour) and hours of operation 
and the lower the feedstock cost (  / tonne) the lower the 
production cost per tonne of pellets [1, 12-15]. Mani et al., 
2006 reports a production cost of 29.68 / tonne ($39 / tonne 
– 2006 exchange rate U.S Dollar to Euro) for biomass pellets 
if drying is not required (as is for the case for some non-
woody biomass) [7]. The major cost factors in producing 
biomass pellets as a percentage of the overall production cost 
are as follows:  

• Raw material: 40%  

• Drying: 20 – 30%  

• Personnel: 13 – 25% [7, 12].  

To determine the economic viability and effect of scale 
of producing biofuel pellets from non-woody biomass in 
Ireland a detailed analysis of the process is required. In con-
ducting the analysis plant capacity, utilisation of the plant, 
capital cost and operating cost per tonne of pellets produced 
will be evaluated under Irish framework conditions. All 
types of non-woody biomass (cereal straws and energy 
crops) will be considered as feedstock for the pelleting proc-
ess. The production cost for all feedstocks will be deter-
mined and the economy of scale for pellet production as-
sessed.  

2. METHODOLOGY  

In analysing the economic cost of producing pellets from 
non-woody biomass the first step is to analyse the feedstock 
cost. In determining the cost of non-woody biomass the fol-
lowing is to be considered:  

• Crop production cost (establishment and harvest)  

• Storage cost  

• Drying cost  

• Transport cost  

Non-woody biomass for the context of this research 
study consists of cereal straws (wheat, oats, barley and rape) 
and energy crops (miscanthus and willow). After determin-
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ing the cost of biomass delivered to the production facility, 
the cost of producing pellets must be determined considering 
the capital costs and operation costs of a pellet production 
facility. The capital costs for a pelleting plant consist of the 
following:  

• Land cost  

• Machine purchase, installation and maintenance  

• Offices  

• Auxiliary equipment – loaders, etc.  

The operating costs for a pelleting plant consist of the 
following:  

• Raw material cost  

• Drying cost  

• Electricity cost  

• Personnel cost  

Upon determining the costs associated with the pelleting 
process the cost per tonne of pellets for various feedstocks 
and plant capacities will be evaluated. From this cost the 
economic viability of producing fuel pellets from non-woody 
biomass in Ireland will be determined.  

2.1. Crop Production Costs (Establishment and Harvest)  

In determining the cost of non-woody biomass crops, two 
approaches are to be considered:  

1. crop production costs (Teagasc farm management 
handbook 2008) [18]  

2. opportunity cost of the biomass [19]  

Depending on the existence of developed markets for a 
given biomass production costs may be calculated using ei-
ther or both of the approaches. For wheat, oat and barley 
straw both approaches will be considered due to already ex-
isting markets for straw. The opportunity cost of straw as a 
fertilizer when chopped and ploughed back at sowing. As 
rape straw has no value other than as a fertilizer when 
ploughed back at sowing the opportunity cost will be consid-
ered.  

2.2. Storage Costs  

To ensure a year round supply of quality, dry biomass 
covered storage is essential. For pellet production biomass 
should be between approximately 12 – 18% moisture content 
wet basis (m.c.w.b). The storage of cereal straws and mis-
canthus is best facilitated in bale form either in roofed struc-
tures or under reinforced plastic. Willow is generally stored 
in chip form either in roofed structures or under plastic 
cover.  

2.3. Drying Costs  

As most cereal straws are harvested at moisture contents 
below 20% moisture content wet basis (m.c.w.b) minimal 
drying is required. For baled material drying by natural ven-
tilation in storage is adequate to maintain a quality, dry ma-
terial (wheat, oats, barley, rape straw and miscanthus). Con-
sidering the high moisture content of willow at harvest (often 
in excess of 50% m.c.w.b.) forced ventilation for drying wil-
low in chip form is essential. Forced ventilation can be fa-

cilitated using pipes under the pile (outdoor storage or exist-
ing buildings) or ventilation ducts built-in to the floor (new 
or specialised buildings).  

2.4. Transportation Costs  

When transporting non-woody biomass densification of 
the biomass in some form is essential due to the low bulk 
density of the material in general (straw – 30 kg/m3 and mis-
canthus – 80 kg/m3). Even when baled density and payloads 
are still low for biomass (straw baled – 100 – 200 kg/m3, 
miscanthus baled 130 kg/m3 and willow chip 140 kg/m3) [6, 
12]. For baled material, transportation is via an articulated 
truck or agricultural tractor with flatbed trailer. Chipped ma-
terial is transported by either an articulated truck and step-
frame trailer or container or by agricultural tractor and high 
sided trailer. Where transport distances are short (less than 
50 kilometres) transportation via agricultural tractor combi-
nation may be preferred.  

2.5. Overall Cost of Raw Material Delivered to the Pellet 
Plant  

The overall cost of non-woody biomass includes the cost 
of crop production, storage and transportation. This ensures a 
year round delivery of material to the processing plant with-
out the need for large storage and drying facilities at the 
plant. All costs are at a base cost and do not consider profit 
margins.  

2.6. Pellet Production Costs  

Pelleting costs include fixed (capital) costs and operating 
costs. The capital cost consists of land cost, buildings, plant 
equipment, installation and maintenance, forklifts and load-
ers. An interest rate of 7% will be assumed while mainte-
nance of plant and building will be 2% of the capital cost 
with exception of the pellet and hammer mill (10% of capi-
tal) due to the high wear of parts. Operational costs include 
raw material, heat energy for drying, electricity and person-
nel costs. The total capital and production costs are calcu-
lated according to the following equations used by Mani et 
al., 2006 [7].  

Total Capital Cost, Cc ( /year) -  

Cc = eCeq          (1) 

where:  

e = capital recovery factor  

Ceq = cost of equipment  

The capital recovery factor is calculated using the for-
mula:  

e =
i 1+ i( )

N

(1+ i)N 1
         (2) 

where:  

i = interest rate (expressed as a decimal)  

N = lifetime of the equipment (years)  

When the cost of equipment for a specific given capacity 
was unavailable the following equation derived from cost 
versus capacity relationship was used to determine the 
equipment cost.  



4    The Open Renewable Energy Journal, 2010, Volume 3 Nolan et al. 

Ceq1 =Ceq2

C1
C2

g

        (3) 

where:  

C1 and C2 = equipment capacity  

g = exponent – for process equipment the exponent ranges 
from 0.4 – 0.8  

Previous research conducted into the economics of pro-
ducing pellets from woody biomass utilised an exponent 
value of 0.6 which will also be considered for this study.  

The total cost (capital and operational cost), CT, is given 
by the equation:  

CT =Cc +Cop         (4) 

where:  

Cop = operating cost ( /year)  

 
The final production cost, Cp ( /tonne), for the produc-

tion of biofuel pellets may be calculated from the equation:  

Cp =
CT

topGp

         (5) 

where:  

top = total operational hours of the plant per year (hrs/year)  

Gp = production rate (t / h)  

 
The purchase cost of equipment was collected from 

equipment manufacturers and suppliers. Installation cost for 
the plant equipment was taken from previous research con-
ducted by Mani et al., 2006 and varies from 40% to 75% of 
the purchase cost. No steam conditioning or external binders 
are considered. The pelleting costs are calculated on three 
production capacity scenarios: 6 t / h, 8 t / h and 10 t / h. As 
aforementioned all costs are base costs and do not include 
any profit margins.  

3. RESULTS AND DISCUSSION  

3.1. Crop Production Costs (Establishment and Harvest)  

The straw market is changeable from year to year de-

pending on the weather conditions and the yield of straw at 
harvest time. On average the straw yield from wheat, oats 

and barley is considered to be 60% of the grain yield1. Straw 

prices differ from crop to crop. Cereal crops are sown and 

harvested annually.  

In calculating the production costs for energy crops the 

harvest method is critical. For miscanthus the crop was 

mowed and baled while willow was cut and chipped with a 

self-propelled harvester. When planting miscanthus a full 

yield is obtained after the third year of growth and is har-

vested annually. Willow on the other hand is harvested every 
two years with the first full yield crop obtained after the 

forth year. Both willow and miscanthus are perennial crops 

with a growth life of 15 – 20 years.  

The production costs of non-woody biomass include crop 

establishment (soil preparation, planting and crop manage-

ment) and harvesting. Table 1 summarises the production 

costs and expected yield for each crop.  

3.2. Storage Costs  

For the purpose of calculating storage costs for baled 
biomass the following assumptions were made:  

1. Two types of roofed structure are considered:  

• Roofed with no side sheeting (structure 1)  

• Roofed and sheeted 1/3 down the side 
(structure 2)  

2. Two types of cover are considered:  

• heavy duty 1200 gauge plastic  

• Tarpaulin  

                                                
1 Teagasc Crops Research Centre, Oak Park, Carlow, Ireland.  Personal 
communication – Tillage and Energy crop Advisors.   

Table 1. Crop Production Costs and Yield Per Hectare 

Biomass Yield 
Production Cost 

(dm) 
Opportunity Cost (dm) Baling (1.2x1.2x2.4m) 

 (t / ha dm) (  / ha) (  / t) (  / ha) (  / t) (  / t dm)* 

Wheat straw  4.7 70 – 851 16.50 86 – 912 19 15 

Barley straw  3.5 100-1101 30 64 – 702 19 15 

Oaten straw  3.6 1001 28 95 – 1072 28 15 

Rape straw  1.9 N/A N/A 36 18.95 15 

Miscanthus  10 5101 513 N/A N/A Inclusive3 

Willow  10 8201 82 N/A N/A N/A 

Source: Teagasc farm management data 20081 [18]  

Straw fertilizer value – Teagasc Crops Research Centre2 [19]  

* Assuming average bale mass of 500 kg dm @contractor costs of 7.50 / bale [18]  
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Willow chip is stored on a concrete yard and covered us-
ing plastic or a tarpaulin. Mechanical or forced ventilation is 
necessary to dry the chip and prevent heating as harvest 
moisture can be as high as 50% m.c.w.b. Storage costs are 
described in Table 2.  

3.3. Drying Costs  

Baled biomass was dried in covered storage using natural 
ventilation to between 15 and 20% m.c.w.b. over a period of 
6 - 9 months, depending on the initial moisture content of the 
biomass. Willow chips were dried using forced ventilation at 
ambient temperature. Storage was under plastic covering for 
a period of 4 months. The average moisture content was 18 
to 25% m.c.w.b. Drying of willow indoors with built-in 
under floor ventilation ducting can utilise either ambient or 
heated forced ventilation. The costs occurred in the drying of 
biomass as discussed above are summarised in Table 3.  

3.4. Transportation Costs  

In transporting baled biomass (1.2m x 1.2m x 2.4m large 
bales) the average maximum load capacity is 15 t dm. An 
average bale mass of 500 kg dm (145 kg dm / m3) is assumed 
with 30 bales per load. These trailer and load dimensions 
comply with the Irish road Traffic Regulations, 1963, SI 190 
of 1963 (Construction, equipment and use of vehicles) [20]. 
The load capacity is a configuration of a 6x2 articulated 

tractor unit and flatbed trailer (12.2m in length) or an 
agricultural tractor and flatbed trailer (12.2m in length).  

For chip haulage a maximum load capacity of 7 tonnes 
dry matter (140 kg dm / m3) is obtained for a 50 m3 volume 
trailer. The maximum load capacity for a 100 m3 volume 
trailer is 14.5 tonnes dry matter (145 kg dm / m3). Both these 
load configurations are a 6x2 articulated tractor unit and 
trailer.  

When the travel distance is less than 50 kilometres an 
agricultural tractor combination is a more cost effective and 
efficient method of transportation. Articulated haulage costs 
for both baled and chipped material are obtained from a 
derived transport model. The costs associated with the use of 
agricultural vehicles for haulage are 0.12 / km / t dm for 
baled material and 0.25 / km / t dm for chipped material. 
These costs were obtained from current biomass operations 
utilising such transport. The associated transport costs are 
detailed in Table 4.  

3.5. Overall Cost of Non-Woody Biomass Delivered to the 

Pellet Plant  

The farm gate price (production, storage and drying 
costs) together with the transportation costs of the biomass 
represents the overall cost of raw material supplied to the 
production facility. Table 5 details the cost of supplied 
biomass.  

Table 2. Storage Costs of Non-Woody Biomass 

Storage Type Storage Form Storage Cost (  / a / t dm) 

Roofed Structure:   Euro / annum / tonne dry matter 

Structure 1  1.2 x 1.2 x 2.4m Bale 1.69* 

Structure 2  1.2 x 1.2 x 2.4m Bale 1.80* 

Covered:    

1200 Gauge Plastic  1.2 x 1.2 x 2.4m Bale 1.43* 

Tarpaulin  1.2 x 1.2 x 2.4m Bale 2.05* 

Chip Heap (27 x 14 x 2m) Chip 6.42- 

* Storage costs includes sub-base of hardcore filling (Labour for base excluded)  
- Storage costs includes sub-base of hardcore filling and concrete floor (Labour for base and floor excluded)  

 

Table 3. Drying Costs of Non-Woody Biomass in Storage 

Biomass Storage Form Drying Medium Cost (  / a / t dm) 

Wheat straw  1.2 x 1.2 x 2.4m Bale Natural Ventilation Nil 

Barley straw  1.2 x 1.2 x 2.4m Bale Natural Ventilation Nil 

Oaten straw  1.2 x 1.2 x 2.4m Bale Natural Ventilation Nil 

Rape straw  1.2 x 1.2 x 2.4m Bale Natural Ventilation Nil 

Miscanthus  1.2 x 1.2 x 2.4m Bale Natural Ventilation Nil 

Willow  Chip Forced Ventilation* 7 

Source: Teagasc Crops Research Centre [1]  

*Ambient air  
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3.6. Pellet Production Costs  

The production capacity of the pelleting plant for the 
base case scenario is 8 t / h with an annual production of 
45,440t. The plant operates 24 hours per day from October to 

April and 8 hours per day from May to September. This is 
considered to be the summer period where pellet demand for 
heating purposes would be considerably less. The operating 
hours of the plant are corrected for an annual utilisation 
period of 90% resulting in a total of 5,680 production hour’s 

Table 4. Transportation Costs of Non-Woody Biomass 

Haulage Type Max Load (t dm)  / km / t dm 50km (  / t dm) 

Tractor & Flatbed Trailer (12m)  15 0.121 0.121 6 6 

Tractor & High-Sided Trailer  8 0.251 0.251 12.50 12.50 

Articulated Unit & Flatbed Trailer (5 axles)  15 0.272 0.293 13.50 14.50 

Articulated Unit & chip van (6 axles)  14.5 0.242 0.263 12 13 

Source: FITPAC Transport Model [21]  
1 Agricultural Diesel Fuel Cost 0.77  / litre  
2 Diesel Fuel Cost 0.91  / litre  
3 Diesel Fuel Cost 1.24  / litre  

 

Table 5. Overall Cost of Non-Woody Biomass as Material Source 

Biomass Type  Wheat Straw Barley Straw Oaten Straw Rape Straw Miscanthus Willow 

 (  / t dm) (  / t dm) (  / t dm) (  / t dm) (  / t dm) (  / t dm) 

Production Cost (Establishment and Harvest)  

Production  31.50 45 43 N/A 51 82 

Opportunity  34 34 43 33.95 N/A N/A 

Storage Cost  

Structure 1  1.69 1.69 1.69 1.69 1.69 N/A 

Structure 2  1.80 1.80 1.80 1.80 1.80 N/A 

1200 Gauge Plastic  1.43 1.43 1.43 1.43 1.43 N/A 

Tarpaulin  2.05 2.05 2.05 2.05 2.05 N/A 

Chip Heap  N/A N/A N/A N/A N/A 6.42 

Drying Cost  

Forced Ventilation  N/A N/A N/A N/A N/A 7.00 

Transport Cost (  / t dm) – average distance 50 km  

Tractor & Flatbed Trailer 

(12m)  

6 6 6 6 6 N/A 

Tractor & High-sided 

Trailer  

N/A N/A N/A N/A N/A 12.50 

Articulated Unit & Flat-

bed Trailer (5 axles)  

14.50 14.50 14.50 14.50 14.50 N/A 

Articulated Unit & Chip 

Van (6 axles) 

N/A N/A N/A N/A N/A 13.00 

Total (lowest cost option -  / t dm)  

 38.93 41.43 50.43 41.38 58.43 107.92 

Total (highest cost option -  / t dm)  

 50.55 61.55 59.55 50.50 67.55 108.42 
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per annum. The land area of the facility is calculated at 1 
hectare while the building and office area is 1000m2. The 
cost of equipment purchase, installation, annualised cost and 
the cost in  / t of pellets produced for the base case scenario 
are summarised in Table 6. The capital cost of the equipment 
for setup of the pellet production plant is 6.98 / t of pellets. 
The annual production capacity of the plant has a bearing on 
the capital cost of the equipment which is not proportional to 
the production capacity. By reducing the annual production 
capacity to 34,080t (pellet mill capacity – 6 t / h), the capital 
cost of the equipment increases to 8.40 / t. In increasing the 
annual production capacity to 56,800t (pellet mill capacity – 
10 t / h), the capital cost of the equipment can be reduced to 

6.07 / t. These figures are summarised in Table 7.  

In calculating the operating costs of each piece of 
equipment the energy demand (electricity and agricultural 
diesel fuel) was obtained from the relevant suppliers or 
manufacturers and computed using published energy costs2. 

                                                
2 Amandus Kahl GmbH and Co. KG, Postfach 12 46, 21452 Reinbek, Ger-
many.  Personal communication – Pellet equipment costs.  

Electricity energy costs were calculated at a rate of 0.109 / 
kWh3 while agricultural diesel fuel costs were calculated at a 
rate of 0.77 / l [22]. Annual utilisation period of the 
industrial loader is considered to be 30% of the production 
hours and 10% of the production hours for the forklift truck. 
The total operating costs include the annual cost of 
maintenance of each piece of equipment. Personnel cost 
includes costs of personnel in the production, marketing and 
office and administration [23]. Three production personnel 
are required for each 8 hour shift regardless of the plant size, 
while office and administration considers a receptionist and 
manager, two personnel each for one 8 hour shift per day.  

The operating costs for the base case scenario are 27.64 
/ t of pellets produced. As aforementioned the operating cost 

                                                                                
C & L Industries Limited, Unit 1, Liosban Industrial Estate, Tuam Road, 
Galway, Ireland.  Agent for BOGE compressors.  Personal Communication 

– Air compressor plant costs.   
Mc Hale Plant Sales, Birdhill, Co. Tipperary, Ireland.  Personal communica-
tion – Plant equipment costs.   
3 Jones Oil depots.  www.jonesoil.ie.  Personal communication – Agricul-
tural diesel cost per litre.  

Table 6. Initial Capital Cost of Equipment for the Pellet Production Plant (Base Case – 8 t/h Production) 

Equipment 
Purchase Cost 

(000 ) 

Installation (000 

) 

Expected Life 

(yrs) 

Capital Recov-

ery Factor 

Annual Capital 

Cost (000 ) 

Specific Capi-

tal Cost (  / t) 

Straw Grinding Plant 405.34 162.14 10 0.1424 80.8 1.78 

Pelleting & Cooling Plant  515.70 273.32 10 0.1424 112.34 2.47 

Misc. Elec. Equipment  272 - 15 0.1098 29.86 0.66 

Compressed Air Plant 9.08 0.91 15 0.1098 1.10 0.02 

Packaging Unit  120 22.8 15 0.1098 15.68 0.35 

Storage Bin  20 2.8 15 0.1098 2.50 0.06 

Industrial Loader  95 - 10 0.1424 13.53 0.30 

Fork Lift Truck  11 - 10 0.1424 1.57 0.03 

Office & Building  450 - 20 0.0944 42.48 0.93 

Land Use  200 - 25 0.0858 17.16 0.38 

Total  2098.12 461.97 - - 317.01 6.98 

 

Table 7. Effect of Annual Production Capacity on the Initial Capital Cost of Equipment 

Production Capacity  

(t / h) 

Purchase 

Cost 

(000 ) 

Installation (000 ) 
Expected Life 

(yrs) 

Capital Recov-

ery Factor 

Annual Capital Cost 

(000 ) 

Specific Capital 

Cost (  / t) 

6 t / h       

Total  1952.10 392.93 N/A N/A 286.39 8.40 

8 t / h       

Total  2098.12 461.97 N/A N/A 317.01 6.98 

10 t / h       

Total  2230.07 524.35 N/A N/A 344.68 6.07 
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of the pellet production plant also varies depending on the 
annual production capacity. The operating costs for a plant 
capacity of 6 t / h and 10 t / h are 36.36 / t and 22.31 / t of 
pellets produced respectively.  

Table 9 summarises the total cost of producing pellets 
from non-woody biomass including the cost of the biomass 
feedstock. With a production capacity of 8 t / h as for the 
base case scenario the total production cost of non-woody 
biomass pellets is 100.95 / t. This production cost can be 
reduced without increasing production capacity depending 
on the biomass feedstock and the storage, drying and 

transport operations employed. By reducing the production 
capacity to 6 t / h the total production cost increases to 

111.10 / t for the same assumptions as that of the base case 
scenario. In increasing the production capacity to 10 t / h the 
total production cost decreases to 94.70 / t.  

4. DISCUSSION  

In determining the economic feasibility of producing 
biofuel pellets from non-woody biomass, it is important to 
consider all costs associated with the process. These costs 
which are included in the above study include the farm gate 

Table 8. Operating Cost of Equipment for the Pellet Production Plant 

Equipment Operating Cost (  / t) Maintenance (  / t) Total (  / t) 

Straw Grinding Plant  7.22 0.89 8.11 

Pelleting & Cooling Plant  7.90 1.13 9.04 

Compressed Air Plant  0.10 0.05 0.16 

Packaging Unit  0.30 0.05 0.35 

Storage Bin  N/A 0.01 0.01 

Industrial Loader  0.13 0.04 0.17 

Fork Lift Truck  0.03 0.01 0.04 

Office & Building  0.18 0.20 0.38 

Land  N/A 0.09 0.09 

Personnel Costs  9.31 N/A 9.31 

Total 25.17 2.47 27.64 

Table 9. Cost of Non-Woody Biomass Pellet Production for The Base Case (2009 Euro) 

Pellet Process Operations 
Capital Cost 

(  / t) 

Operating Cost 

(  / t) 

Total Cost 

(  / t) 

Percent Cost Distribu-

tion 

Raw Material * 66.33 - 66.33 65.9 

Straw Grinding Plant  1.78 8.11 9.89 9.7 

Pelleting & Cooling Plant  2.47 9.04 11.51 11.3 

Misc. Elec. Equipment  0.66 - 0.66 0.6 

Compressed Air Plant  0.02 0.16 0.18 0.2 

Packaging Unit  0.35 0.35 0.70 0.7 

Storage Bin  0.06 0.01 0.07 0.1 

Industrial Loader  0.30 0.17 0.47 0.5 

Fork Lift Truck  0.03 0.04 0.07 0.1 

Office & Building  0.93 0.38 1.31 1.3 

Land Use  0.38 0.09 0.47 0.5 

Personnel Costs  - 9.31 9.31 9.2 

Total Cost  73.31 27.64 100.95 - 

*Average of the highest cost option of all the biomass feedstock’s – includes storage, drying & transport  
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price of non-woody biomass (production - establishment and 
harvest costs, storage and drying costs), transportation to the 
pelleting plant and the cost of the pelleting process. The 
costs outlined are a base cost and do not consider any profit 
margin either for the biomass producer or the pellet 
manufacturer.  

In considering cereal straws as a source of biomass 
feedstock for pelleting it is equally important to determine 
the opportunity cost of the feedstock as well as the 
production cost or market price. In removing the crops straw 
(wheat, barley, oats and rape straw) from the field valuable 
nutrients in the material are lost in comparison to if the straw 
was chopped and ploughed back at tillage. The cost of 
replacing these nutrients with artificial potassium and 
phosphorus fertilisers was considered. The cost of baling the 
straw must also be considered when determining the market 
value and the associated costs of the feedstock ( 15 / t for 
1.2m x 1.2m x 2.4m large bale). In considering cereal straws 
as a feedstock source for pellet production wheaten straw is 
the least expensive ( 32 / t dm) while barley straw incurs the 
greatest expense ( 45 / t dm).  

In utilising miscanthus and willow as a source of 
feedstock for pelleting the cost of the material are 51 / t dm 
and 82 / t dm respectively. Neither willow nor miscanthus 
is considered to have an opportunity cost as a replacement 
fertiliser as the primary crop is the biomass feedstock. 
Developed markets in Ireland for both energy crops is 
mainly as a source of biomass for fuel with miscanthus also 
being utilised as a bedding for animals mainly horses.  

Storage of biomass is essential to ensure a year round 
supply of dry, quality feedstock to the pelleting plant. For 
baled biomass, roofed structures or covered storage can be 
utilised. Covered storage using 1200 gauge plastic is the 
most cost effective solution although existing farm buildings 
could also be utilised. The building of new storage facilities 
purposely for storage requires substantial investment ( 1.69 - 

1.80 p.a / t dm). When considering storing baled 
miscanthus under cover, heavy duty covers are essential to 
avoid the stems piercing and damaging the cover. While a 
tarpaulin cover incurs the greatest cost ( 2.05 p.a / t dm) this 
cost could be reduced by using recycled tarpaulins instead of 
new tarpaulins. Where ground conditions are favourable no 
hardcore sub-floor may be required further reducing the cost 
of storage both covered and roofed structures.  

In storing chipped material, suitable surface and covering 
is essential to reduce moisture content and prevent 
decomposition of the material. Chipped material may be 
stored in existing buildings with ducted ventilation, purpose 
built buildings with drying floors or as considered for the 
purpose of this research on a concrete slab, covered and 
ventilated using ducting. Storage of chips incurs the greatest 
storage cost at 6.42 p.a / t dm.  

For drying baled biomass in covered storage, natural 
ventilation is adequate. This is due to the relative low 
moisture of the crops at harvest. Due to the high initial 
moisture content of willow chip at harvest forced ventilation 
of the chip during storage is essential. Drying costs for 
willow chip using forced ventilation of ambient air is 7 
p.a. / t.  

In transporting baled biomass the cost associated with 
both articulated haulage and tractor and trailer was 
investigated. The greatest influence on the transportation 
cost is the bulk density of the product. Both the diesel fuel 
cost and the distance travelled are also critical factors in 
considering the transportation type. While the cost of 
transporting baled biomass by tractor and trailer is cheaper 
per tonne ( 6 / t dm) than that of articulated haulage  
( 12.50 / t dm), the practicalities of this type of haulage must 
be considered. The maximum realistic travel distance by 
tractor and trailer is 50 km and may even be limited to 30 km 
depending on the class of roads. Above these distances the 
travel time is a constraint. Where large volumes of feedstock 
are to be hauled over distances greater than 30 km, 
articulated haulage is the more efficient option due to the 
faster turn around time especially when road classes are 
primary routes.  

The transportation cost of willow chip is greater than that 
of baled biomass in particular when comparing to tractor and 
trailer transportation. The main reason for this is the large 
volume and low payload of chipped biomass. Transportation 
of willow chip by tractor and trailer in comparison to 
articulated haulage is approximately 0.50 / t dm more cost 
effective. As aforementioned the travel distance and volume 
of feedstock to be hauled are major considerations when 
utilising tractor and trailer transportation. This is particularly 
true for willow chip considering a payload of 8 t dm for trac-
tor and trailer transportation in comparison to 14.5 t dm for 
articulated haulage.  

Wheaten straw whether transported by tractor and trailer 
or articulated haulage ( 39 / t dm and 51 / t dm respectively 
- payload 15 t dm) is the lowest cost option for biomass de-
livered to the pelleting plant. Willow chip as a source of 
biomass for pellet production incurs the largest cost ( 108 / t 
dm) and realistically will not be considered as a feedstock 
for pellet production.  

The scale of capacity of a pelleting plant significantly af-
fects both the capital and operating costs of the pelleting 
plant. The greater the production capacities of a pelleting 
plant the lower the capital and operating costs of the plant. 
All capital cost components follow an economy of scale 
hence expansion of any unit capacity will reduce capital cost 
and operating cost non-proportional to the actual size of the 
expansion.  

The total pellet production cost for the base case scenario 
of 8 t / h capacity of pellets is 101 / t. In decreasing the pro-
duction capacity to 6 t / h the total cost increased by 10 / t 
while increasing production to 10 t / h saw a decrease of 6 / 
t in the total cost of producing non-woody biomass pellets. 
Assuming an average energy value of 14.5 GJ / t at 15% 
moisture content for non-woody biomass this equates to 7 / 
GJ of energy for the base case scenario of 8 t / h pellet pro-
duction [19]. The current cost of home heating oil (kerosene) 
is 16 / GJ and for natural gas varies between 30 / GJ for 
small household users (<20 GJ p.a.) to 14.50 / GJ for larger 
household users ( 200 GJ p.a.) [24,25].  

The cost of biomass feedstock per tonne delivered to the 
processing plant depends on several factors. The type of 
storage utilised on-farm prior to delivery, drying methods 
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and the transportation type and distance travelled effect the 
cost of the feedstock. The raw material cost is the greatest 
cost associated with pellet production. The raw material cost 
considered for this analysis of 67 / /t dm over a travel dis-
tance of 50 km is the average cost of all feedstock’s account-
ing for 66% of the overall cost. By reducing the feedstock 
cost per tonne the pellet production cost can be reduced. In 
considering only cereal straws and miscanthus as the feed-
stock’s and neglecting willow due to the high cost per tonne 
( 108 / t dm) the feedstock cost can be reduced to 58 / t dm. 
By optimising the operations associated with the feedstock 
production, storage, drying and transportation operations the 
cost of the aforementioned feedstock’s can further be re-
duced to 46 / t dm.  

Other major cost components associated with the produc-
tion of pellets from non-woody biomass are the pelleting and 
cooling plant (11%), the straw grinding plant (10%) and per-
sonnel costs (9%). The pelleting and straw grinding plant 
also have the greatest operating costs (62% of total operating 
costs including maintenance) with a maintenance cost of 
10% of the purchase cost in comparison to 2% for all other 
equipment. In this study no additional binders are considered 
which would further increase the pellet production cost per 
tonne if utilised. While personnel costs are one of the major 
factors personnel requirements depend on the production 
operation and administrative strategies.  

5. CONCLUSIONS  

In harvesting and baling cereal straw and miscanthus in 
1.2m x 1.2m x 2.4m large bales the production cost varies 
from 31 / t dm for wheaten straw to 51 / t dm for miscan-
thus. In investigating the storage costs of baled biomass out-
door covered storage using heavy duty (1200 gauge) plastic 
is the least expensive storage option. For baled biomass natu-
ral ventilation in storage is adequate for drying due to the 
low initial moisture content of the biomass feedstock at har-
vest.  

When considering willow as a feedstock for pellet pro-
duction the cost is 108 / t dm. Storage of willow chip is also 
more costly than that of baled biomass due to the storage 
requirements to prevent contamination and decomposition of 

the stored material. Forced ventilation either by ambient or 
heated air is essential when storing willow chips so as to 
facilitate drying and prevent heating. This is due to the high 
initial moisture content of the feedstock at harvest (50 – 70% 
moisture content). Realistically willow chip would not be a 
feasible feedstock for pellet production and would be sold in 
chip form as an energy fuel instead of for processing into 
biofuel pellets resulting in less drying of the material re-
quired.  

For both baled and chipped biomass, tractor and trailer 
transportation is less expensive than articulated haulage. This 
type of transportation is only suited to short journeys no 
greater than 50 km.  

Raw material is the major cost factor associated with pel-
let production. In reducing the cost of delivered feedstock by 
optimising the production, storage, drying and transportation 

systems to meet the pelleting plants requirements the overall 
cost can be reduced. The production capacity of any pellet-

ing operation significantly influences the cost per tonne of 
pellets produced. For a production capacity of 8 t / h the 
capital and operating costs per tonne of pellets produced are 

73 and 28 respectively. The overall production cost is 
101 / t. By increasing the production capacity to 10 t / h the 

overall cost can be reduced by 6 / t of pellets produced.  

Given the current energy prices for kerosene home heat-
ing oil at 16 / GJ and natural gas at between 14.50 / GJ 
and 30 / GJ the production of pellets from non-woody bio-
mass at a base cost excluding all profit margins at 7 / GJ 
could be economically feasible.  
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NOMENCLATURE  

CHP  = Combined Heat and Power  

CO2  = Carbon Dioxide  

GHG  =  Greenhouse Gas  

GJ p.a  =  Gigajoule per annum  

GJ / t  =  GigaJoule per tonne  

Cc  =  Total Capital Cost (  / year)  

C1 & C2 = Equipment capacity (tonnes per hour)  

Ceq  =  Cost of equipment  

Cop  =  Operating cost  

CT  =  Total cost  

Gp  =  Production rate (tonnes per hour)  

N  =  Lifetime of the equipment (years)  

e  =  Capital recovery factor  

g  =  Exponent for process equipment  

ha  =  Hectare  

i  =  interest rate  

kg / dm m3  =  Kilograms per cubic metre dry matter  

km  = Kilometre  

kWh  = kiloWatt hour  

l  = litre  

m  =  Metres  

m2  =  Metres squared  

m3  =  Cubic metres  

m.c.w.b.  =  Moisture content wet basis  

mm  = Millimetre  

top  = Total operational hours of the plant per 

year  

t dm =  tonnes dry matter  

t / h  = tonnes per hour  

wb  = Wet basis  
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