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Small-Scale Biomass Combined Heat and 
Power (CHP) 
Part III – Design and economics of biomass supply chains for small-scale 
CHP systems under 165 kWel 
Christoph Schilling, Dr. Marian Marinescu, and Dr. Dominik Röser 
Biomass Fuel Requirements 
This info note is the third in this series1 and presents the most important biomass fuel supply aspects of  
small-scale biomass combined heat and power technologies under 165 kWel. The small-scale biomass 
gasification CHP units presented in this info note require high quality biomass fuels. Table 1 outlines specific 
biomass fuel requirements for these systems. To produce high quality wood chips for these systems, 
operators will require a chipper as well as a drying and storage facility. As wood pellets are delivered to the 
desired specifications, they require less complex supply chains than those of wood chips. 

Table 1. Biomass fuel specifications for small-scale biomass CHP systems under 165kWel 
Manufacturer Volter Spanner ESPE Burkhardt Urbas 
Model Indoor HKA 45 CHiP50 50T ECO 165 - 
Biomass fuel Wood Chips Wood Chips Wood Chips Wood Pellets Wood Pellets Wood Chips 
Gross electrical output  (kWel) 40 45 50 50 165 150 
Biomass Consumption (kg/h) 39 45 49 40 110 110 
Annual Biomass Consumption (tonne)a 308 355 386 315 867 867 
Annual Biomass Consumption (ODt) 253 309 328 293 806 711 
Annual Biomass Required (m3)b 560  690 730 NA NA 1 600 
Fuel specifications       
Biomass quality High High High High High High 
Contamination Clean chips Clean chips Clean chips Premium Premium Clean chips 
Main particle size fraction (> 60%) 8–50 mm 2.8–30 mm 8–45 mm 

Premium 
Pellets 

ENplus A1 
CANplus A1 

Premium 
Pellets 

ENplus A1 
CANplus A1 

80–110 mm 
Fine particle size fraction <1%< 3.15 mm <30%<4 mm <12%<3.15 mm <2%<30 mm 
Max particle size 63 mm 85 mm 63 mm 150 mm 
Moisture content <18% <13% <15% <18% 
Ash content ~3–5% ~3–5% ~3–5% ~3–5% 

Size reduction equipment Screened 
chipper 

Screened 
chipper 

Screened 
chipper Not necessary Not necessary 

Screw  
chipper 

a Based on 90% utilization rate (7 884 hours of operation/year) and at moisture content specs. 
b Based on an average wood density of 0.450 oven-dry tonnes per m3 of freshly harvested logs. 

Canada does not have an abundance of biomass fuel suppliers, especially ones that can effectively service 
remote communities. Consequently, a source of woody biomass must be secured or developed in order for 
these systems to be viable. Where possible, CHP systems should be installed in close proximity to an active 
wood processing facility (e.g., sawmill, pellet mill, pulp mill, OSB mill). However, even in these situations it 
may be difficult to secure biomass fuels in small quantities (300–850 tonnes per year) at such high-quality 
specifications. More likely, remote communities in Canada will need to produce their own biomass fuels from 
nearby forest areas. For example, using residual logs (i.e., non-merchantable stems and tops) from nearby 
harvesting operations could be a cost effective source of woody biomass. 

                                                           
1 For general information and technical and economic aspects of small-scale biomass CHP systems please consult the following info 
notes in this series: Schilling, C., Marinescu, M., Spencer, S., & Röser, D. (2017). Small-scale Biomass Combined Heat and Power 
(CHP), Part I – A Primer and Part II – Technical and economic aspects of small-scale CHP systems (< 165 kWel) 
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Biomass Fuel supply Chains 
Wood Chip Supply Chain  

 

Most small-scale biomass CHP system manufacturers specify a preference to use biomass fuels produced 
from softwoods (e.g., pine and spruce). Wood chips made from slash, branches, roots, etc., are strongly 
discouraged. Figure 1 shows a typical supply chain for producing high-quality wood chips from small-diameter 
biomass logs (< 30 cm in diameter) sorted and decked at landing. In typical harvesting operations,  
small-diameter, non-merchantable stems and tops are often piled 
and burned on site. As an alternative, these biomass logs could be 
processed, decked to facilitate air-drying (seasoning), and 
transported with traditional or modified log trucks to a storage and 
chipping facility located in proximity to the CHP system. In-woods 
chipping using a mobile chipper is also possible, but due to small 
annual volumes required it results in higher biomass costs and an 
increased risk of chip contamination. At the chipping facility, biomass 
logs should be piled in decks (Figure 2), kept above ground, and  
air-dried for at least one season (May to September) to reduce their 
moisture content to below 30%. Biomass log decks can be tarped to 
keep rain and snow off the logs, speeding the drying process. 

Wood Chippers 
Once dry, biomass logs are processed into suitably sized chips using a chipper equipped with a screen. The 
screen will ensure that only the desired size of wood chips is captured. Screening will reduce the quantity of 
oversized chips that can jam the infeed of the CHP system and/or produce irregular voids in the gasifier, thus, 
reducing its efficiency. In North America, only Bandit produces a chipper with a screen, at a price of 
approximately $200 0002. Examples of European companies that produce screened chippers include 
Heizohack and Pezzolato. The Heizohack 6-300VM German mobile chipper 
with a screen (Figure 3) costs approximately $100 0003. Alternatively, a high-
productivity stationary Heizohack HM6-300EM electric chipper can be used at 
a cost of approximately $75 0003. Manual feeding of logs into chippers is 
standard, but installing accessories such as a crane/grapple to feed the logs 
into the chippers is recommended to reduce the risk of accidents. The location 
of the chipping facility is an important factor as the noise may be undesirable 
to community members. 

 

  

                                                           
2 All currency is specified in Canadian dollars. 
3 Includes shipping cost from Germany to Vancouver. 

 
Figure 2. Log seasoning and storage 

Figure 1. Wood chip supply chain for small-scale biomass CHP systems under 165 kWel 

 
Figure 3. Heizohack  

6-300VM mobile chipper 

Photo credit: heizohack.de 
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A screw chipper, manufactured by the Finnish company Laimet, is capable of 
consistently providing good quality chips, at desired sizes, without a screen 
(Figure 4). In Europe, screw chippers are used to produce large chips  
(< 150 mm chips), appropriate for Urbas CHP units. Rather than using multiple 
knives on disks or drums, screw chippers employ a conical spiral knife that 
turns logs into chips of desired sizes (different spiral knife sizes produce 
different chip sizes). Chipping trials in Europe have shown that screw chippers 
produce very consistent chip sizes, without the need for chip screening. The 
Laimet HS-25 PTO tractor screw chipper can process logs up to 25 cm in 

diameter but requires a 220 HP tractor. The cost of this PTO chipper is about $45 000. Laimet also 
manufactures self-driven electric and diesel chippers that can chip logs up to 40 cm in diameter, at costs 
between $150 000 for an electric chipper and $400 000 for a diesel-powered chipper. In Canada, screw 
chippers are not commonly available. 

Regardless of the chipper selection, the most critical challenge with whole-log chipping for small-scale CHP 
units is that large, high-productivity chippers are required to produce small quantities of chips  
(e.g., 328 ODt/year). Utilization rates of these chippers will be very low if they only process chips for a single 
CHP system. 

Wood Chip Storage and Drying  
A simple wet chip storage shed (Figure 5) capable of storing approx. 50 ODt 
of green chips should be built on a concrete slab to avoid gravel, dirt and 
moisture contamination. It can be built at the chipping yard or near the CHP 
facility and it could cost approx. $50 000, depending on size, material costs 
and labour rates in the community. The shed could double as a place to 
store the chipper when not in use.  

To reach the desired moisture content of 13–18%, most CHP systems in 
Europe are paired with a wood chip drying shed (Figure 6) that uses up to 
50% of the heat generated by the CHP unit. The storage shed has a heat 
exchanger with a fan that blows hot air through a perforated metal floor or 
grated openings located at the bottom of the shed. Depending on the 
outside air temperature, humidity and the initial moisture content of the 
wood chips, it could take a couple of days to a week to reach the desired 
moisture content. 

To ensure a continuous flow of dry wood chips to the CHP system, the 
drying shed could be built with two independent drying areas separated by a 
wall; one for dry chips and the other for receiving green (wet) chips to dry for 
future use. Constant monitoring of moisture content is recommended to 
ensure optimal wood chip flow into the CHP system. 

Delivering wet wood chips from the wet storage to the drying shed could be 
done using local dump or gravel trucks. Special care should be taken to 
avoid contamination with gravel and dirt during the loading and unloading 
phases. 

  

 
Figure 4. Laimet HS-250 

PTO screw chipper 

 
Figure 5. Wet chip storage 

 

Figure 6. Wood chip  
drying shed 

Photo credit: laimet.com 
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Wood Chip Economics 
Wood chip production costs are dependent 
upon the delivered biomass log costs 
(including processing and transportation), 
equipment capital costs (chipper and wet 
chip storage), and machine utilization. 
Figure 7 shows the wood chip production 
cost ($/ODt) for various production levels, 
assuming a delivered cost of biomass logs 
of $44/ODt ($20/m3), a Heizohack 6-300VM 
chipper cost of $100 000 and a wet chip 
storage cost of $50 000. The loader and the 
wood chip drying shed costs are included in 
the CHP system total cost (see Part II – 
Technical and economic aspects of  
small-scale CHP systems (< 165 kWel).  

The chipping cost decreases as the size of 
the operation increases due, primarily, to 
the increased chipper utilization. For example, a 50 kW CHP system will consume 328 ODt of chips/year, will 
require 182 operating hours, and will result in a production cost of $134/ODt (Figure 7). By comparison, a 150 
kW CHP system will consume 711 ODt of chips/year, will require 395 operating hours, and will result in a 
production cost of $95/ODt (Figure 7). Opportunities for reducing chipping costs include: renting a chipper, 
sharing ownership of a chipper with adjacent communities, and establishing a wood chipping enterprise that 
produces and sells chips to nearby communities. 

The Wood Pellet Supply Chain  

Wood pellets (Figure 8) are small, cylindrical "nuggets" of compressed, sawdust-
size wood fibre, with standard diameters of 6 and 8 mm and variable lengths up to 
32 mm. Their compact size and portability, high energy density, and low moisture 
content (below 10%) make wood pellets a very appealing biomass fuel for small-
scale CHP systems. Wood pellet CHP systems are very efficient, have a more 
reliable biomass fuel handling and simpler supply chain (Figure 9) than wood chip 
systems.   

 

 

  

 
Figure 7. Variation of wood chip production cost with annual 

chip production 

 
Figure 8. Wood pellets 

 
Figure 9. Wood pellet supply chain for small-scale biomass CHP systems under 165 kWel 
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Wood pellets are sold in bags or in bulk and cost between $100 and $300 per tonne depending on quantity, 
quality, and delivery distance. Wood pellets can be delivered in specialized pellet trucks or grain hopper 
trucks. Wood pellets have to be stored in enclosed, dry storage areas (silos) as they can easily absorb 
moisture. Wood pellet storage areas should be well ventilated and equipped with carbon monoxide detectors 
as accumulations of carbon monoxide can occur that can pose a threat to workers. 

Recommendations 
When considering a biomass fuel supply for small-scale biomass CHP systems: 

DO DON’T 
Perform a biomass availability and feasibility 
study before investing in a small-scale 
biomass CHP unit. 

Invest in a CHP project based on an assumed 
availability of biomass or because CHP 
technologies “seem” appropriate. 

Invest in an appropriately sized, good quality, 
screened or screw chipper. 

Cut corners on chipper quality, otherwise, wood 
chips will be out of specification and the CHP 
system will not operate efficiently and safely. 

Follow the CHP biomass fuel specifications. 
Assume the small-scale CHP system will accept 
lower quality biomass fuel than specified by 
manufacturers; maintenance costs will increase. 

Utilize biomass logs to make good quality 
wood chips. 

Utilize slash, chunks, slabs, branches, roots, 
dirty biomass, or garbage in small-scale CHP 
systems. 

Assemble a team of experts comprised of at 
least a CHP manufacturer, a mechanical and a 
civil engineer, a financial expert, and a 
biomass expert (e.g., FPInnovations) to 
integrate all aspects of the CHP investment, 
installation, and operation. 

Allow experts to work in isolation, assuming that 
it will all come together in the end. The biomass 
supply chain is as important as, if not more 
important than, other CHP investment and 
operation elements. 

 

This Info Note is a contribution to the collaboration between FPInnovations, Natural Resources Canada, 
National Research Council, and the University of British Columbia on applications of small-scale biomass 
combined heat and power systems. 
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