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Small–Scale Biomass Combined Heat and 
Power (CHP) 
Part II – Technical and economic aspects of small–scale CHP 
systems under 165 kWel 
Christoph Schilling, Dr. Marian Marinescu, and Dr. Dominik Röser 

Introduction 
This is the second info note in this series1 and presents the most important technical and economic aspects of 
small-scale biomass combined heat and power (CHP) systems under 165 kWel. These systems utilize biomass 
gasification and internal combustion engine (ICE) technologies and are predominantly manufactured and 
installed in Europe, where they generate electricity to local grids and provide heat to buildings, villages, and 
industrial operations. In Canada, these CHP systems have not been installed extensively and no dealers or 
service providers are available currently. 

In 2012, over 250 remote communities in Canada were not connected to the electrical grid. Almost all off-grid 
communities are using fossil fuels for energy: diesel for electricity generation and propane and furnace oil for 
heating. Fossil fuels generate harmful emissions that trigger public health and environmental concerns. In 
addition, potential fuel spills during transportation and storage pose risks to the environment. The current cost of 
diesel generated electricity in remote communities can exceed $1.00 per kWhel whereas the electricity cost of 
biomass CHP systems presented here range between $0.32 and $0.56 per kWhel. Additional savings can be 
generated if the heat produced by the biomass CHP system can displace the heat produced with fossil fuels. 

In some Provinces (e.g., BC), local utilities are mandated by governments to provide affordable, below cost, 
electricity to remote community residents, with rates sometimes comparable to what grid connected customers 
pay ($0.07– $0.16 per kWhel). Consequently, for these communities, investments in these small scale bio-energy 
technologies may be challenging, unless the utility company providing the discounted power rates becomes the 
investor or the community becomes the local utility. 

Many remote off-grid communities are surrounded by forests or have relatively easy access to woody biomass as 
fuel for these CHP systems. CHP systems can be integrated with existing local electrical grids and diesel 
generators currently supplying these grids can be used as back-up. The heat produced from biomass CHP 
systems can offset the use of propane or oil for space heating, but may require significant investments in pipe 
network installation and heat exchangers.  

                                                           
1 For general and biomass supply chain 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 III – Design and economics of biomass supply chains for small-scale CHP systems (< 165 kWel) 
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Capital costs for installing a district heating system can be reduced by strategically locating CHP systems in 
close proximity to large heat consumers, such as community buildings (e.g., schools, sports arenas, 
greenhouses, etc.). These buildings typically have boiler systems that can be adapted easily to accept heat from 
a CHP installation. Using CHP systems to provide space heating to multiple single family homes is usually 
feasible only for new developments, when the hot water distribution system is designed upfront.  

Description of the small-scale CHP system 
Figure 1 shows the components of a typical small-scale biomass CHP gasification system with an internal 
combustion engine (ICE) and power generator using wood chips as biomass fuel. The main components of a 
pellet CHP system are similar to the wood chip system, only the fuel handling and storage differ.   

 

Figure 1. Diagram of small-scale gasification and ICE CHP unit 

Dry wood chips are loaded from a drying and storage shed (14) with a loader (1) into a storage hopper (2), or a 
silo in case of wood pellets, and are conveyed (3) and metered into the gasifier (4). The gasifier heats the 
biomass fuel under a controlled oxygen environment until it releases a combustible gas (syngas). Ash is 
collected at the bottom of the reactor (5). The syngas is then cooled (6), cleaned (7), and fed into the ICE 
connected to an electricity generator (9). Heat is collected by water circulating through the engine jacket and the 
exhaust system and then passed through a heat exchanger (11) which transfers the heat to a district heating 
system. Some of the heat generated by the ICE passes through a hot air generator (13) and is directed into the 
drying shed (14) to expedite the wood chip drying process. Depending on the biomass moisture content and local 
weather conditions, up to 50% of the heat generated by the CHP system could be required to dry the biomass. 
Wood chips are usually produced and/or delivered at high moisture contents (up to 50%) and will require drying 
to 13-18%. Wood pellets are delivered at the desired moisture content (usually below 10%) and do not require 
any additional drying. They are delivered in pellet trucks and conveyed into a silo. Any heat produced by the CHP 
system that is not used for drying wood chips can be redirected for other uses, including a district heating 
system. 
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Commercially available small-scale CHP systems  
The market for small-scale biomass CHP gasification technologies in Europe is currently led by five 
manufacturers: Volter (Finland), Spanner (Germany), ESPE (Italy), Urbas (Austria), and Burkhardt (Germany). 
Other competitors exist in Europe and worldwide, but they have not yet gained a significant market share.  
Table 1 describes small-scale biomass CHP systems available from these five leading European manufacturers.  
 

Table 1. Commercially available biomass CHP systems under 165 kWel 
CHP Manufacturer CHP Description 

Volter  
(volter.fi)  

  Manufacturing location: Kempele, Finland 
 Electrical output capacity: 40 kW 
 Biomass: wood chips 
 Number of installations: 70 
 Installation locations: EU, Japan, Australia 
 Installations in Canada/North America: no installations 

Spanner  
(holz-kraft.de/en) 

 
 Manufacturing location: Neufahrn, Germany 
 Electrical output capacities: 10 kW, 35 kW, 45 kW 
 Biomass: wood chips 
 Number of installations: 600 
 Installation locations: EU, Canada 
 Installations in Canada/North America: one installation  

in BC 

ESPE 
(espegroup.com) 

  Manufacturing location: Grantorto, Italy 
 Electrical output capacity: 50 kW 
 Biomass: large wood chips, lumber off cuts 
 Number of installations: 50 
 Installation locations: EU 
 Installations in Canada/North America: no installations 

Urbas 
(urbas.at) 

  Manufacturing location: Voelkermarkt, Austria 
 Electrical output capacity: 150 kW 
 Biomass: wood chips 
 Number of installations: 30 
 Installation locations: EU 
 Installations in Canada/North America: no installations 

Burkhardt  
(burkhardt-energy.com) 

  Manufacturing location: Muehlhausen, Germany 
 Electrical output capacities: 50 kW, 165 kW 
 Biomass fuel: wood pellets 
 Number of installations: 270 
 Installation locations: Germany, Italy, the UK, Japan 
 Installations in Canada/North America: no installations 

 

Table 2 describes the most important technical characteristics and biomass fuel specifications of these CHP 
systems. Generally, small-scale biomass gasification systems require high-quality biomass fuels (i.e., clean, dry 
wood chips or premium quality wood pellets).  
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Table 2. Technical characteristics and biomass fuel specification of small-scale biomass CHP systems under  
   165 kWel 
Manufacturer Volter Spanner ESPE    Burkhardt   Urbas 
Model Indoor HKA 45 CHiP50 50T ECO 165 - 

Biomass fuel typea 
Wood 
Chips Wood Chips Wood Chips Wood Pellets Wood Pellets Wood Chips 

Gross electrical output (kWel) 40 45 50 50 165 150 
Net electrical output (kWel) 33 37 42 45 148 132 
Annual electricity generation 
(MWhel)b 260 292 331 355 1,167 1,041 

Electricity for this number of 
housesc  24 26 30 32 106 95 

Gross thermal output (kWth) 110 108 110 110 260 280 
Net thermal output (kWth)d 55 54 55 110 260 140 
Annual heat generation (MWhth)b 434 426 435 867 2,050 1,104 
Heat for this number of housese 12 12 12 24 57 31 
Net electrical efficiencyf ~ 20% ~20% ~20% ~25% ~30% ~27% 
Biomass consumption (kg/h) 39 45 49 40 110 110 
Annual biomass consumption (t)b,g 308 355 386 315 867 867 

Engine type Agco Sisu 
8.4L GM 5.7L Tedom 12L MAN MAN 12.8L Liebherr V12 

Service life (h) 55 000 20 000 55 000 55 000 55 000 55 000 
Maintenance time (h/week) 10–20 20–30 10–20 10–20 20–25 20–25 
Biomass Fuel Specifications 
Biomass fuel quality High High High High High High 
Main particle size fraction 
(> 60%) 8–50 mm 2.8–30 mm 8–45 mm 

Premium 
Pellets 

CANplus A1 
ENplus A1 

Premium 
Pellets 

CANplus A1 
ENplus A1 

80–110 mm 
Fine particle fraction <1%< 3.15 mm <30%<4 mm <12%<3.15mm <2%<30 mm 
Maximum 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% 

a Wood chips and wood pellets from softwood species are preferred. 
b Based on 90% utilization rate (7 884 hours of operation/year). 
c Assuming an average annual electricity consumption of 11 000 kWh/household in Alberta and Saskatchewan. 
d Wood chip systems utilize up to 50% of generated heat to dry them to specified moisture content. The remainder heat is available for heating applications. 

By contrast, pellet systems do not need to dry their fuels; all heat is available for heating applications. 
e Assuming an average annual heat consumption of 36 000 kWh/household in Alberta and Saskatchewan. 
f Net electrical efficiency is the percentage of energy stored in the fuel that is converted into electricity. By comparison, net electrical efficiencies of                    

diesel generators vary between 25% and 45%. 
g Expressed in tonnes of biomass fuel at the specified moisture content for each system. 
 

For more information about biomass fuel specifications and supply chains please consult Part III – Design and 
economics of biomass supply chains for small-scale CHP systems under 165 kWel. 
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Typical costs and basic economics 
Table 3 shows capital and installation cost estimates of four small-scale wood chip and wood pellet CHP systems 
of different scales. 

Table 3. Capital and installation costs 
Installation Costs 50kW CHP 

Wood Chips 
50kW CHP 

Wood Pellets 
150kW CHP 
Wood Chips 

165kW CHP 
Wood Pellets 

CHP Unit (gasifier + ICE) $300 000 $320 000 $1 000 000 $860 000 
Wood chip dryer shed $100 000 - $200 000 - 

Biomass conveying system $100 000 $75 000 included in CHP 
cost $140 000 

Loader $50 000 - $75 000 - 
Building (incl. foundation) $125 000 $125 000 $225 000 $225 000 
Electrical and heat 
connections $20 000 $20 000 $40 000 $40 000 

Overhead 10% $70 000 $50 000 $150 000 $130 000 
Project Engineering $80 000 $60 000 $170000 $140 000 
Total Installed Cost $845 000 $650 000 $1 860 000 $1 535 000 
Cost per kWel installed $16 900 $13 000 $12 400 $9 300 

Installation cost estimates assume that green wood chips are produced by the operation and delivered to the 
CHP facility where they are dried. The costs of a loader and drying shed are included in the estimates. In Europe, 
a well-developed network of wood chip suppliers deliver wood chips in quantities and quality specification of each 
operation. Systems using wood pellets do not require drying sheds or loaders, as pellets are conveyed directly 
from pellet trucks into silos or bunkers. Silo and bunker costs have been included in the cost of the biomass 
conveying system. Table 4 shows annual operating cost estimates for these systems. 

Table 4. Annual operating costs  
Annual Operating Costs 50kW CHP 

Wood Chips 
50kW CHP 

Wood Pellets 
150kW CHP 
Wood Chips 

165kW CHP 
Wood Pellets 

Number of operators 1 1 1 1 
Labour cost (operator salary) $50 000 $50 000 $50 000 $50 000 
Average maintenance costa $12 000 $12 000 $36 000 $40 000 
Biomass costb $44 000 $71 000 $67 500 $195 000 
     Annual biomass consumption (ODt or tonne) 328 315 711 867 
     Biomass Cost ($ per ODt or tonne) 134 225 95 225 
Equipment depreciation costc $40 100 $31 000 $88 300 $73 000 
Interest costd $38 400 $30 000 $86 200 $71 000 
Total annual operating cost without heat savings $184 500 $194 000 $328 000 $429 000 
Annual heat savingse $43 300 $86 700 $110 400 $205 000 
Total annual operating cost with heat savingsf $141 200 $107 300 $217 600 $224 000 
ECONOMIC ANALYSIS 
CHP Electricity generation cost w/out heat 
savings($/kWh) 0.56 0.55 0.32 0.37 

CHP Electricity generation cost with heat 
savings($/kWh) 0.43 0.30 0.21 0.19 

Diesel electricity generation cost ($/kWh) > 1.00 
a Includes parts and engine overhaul/replacement and is based on a rate of $0.03/kWh (7 884 h/yr). 
b Assumes a cost of $225/tonne for pellets and the cost of producing wood chips from biomass logs as described and analyzed in Part III – Design and 

economics of biomass supply chains for small-scale CHP systems (< 165 kWel). 
c Assumes 5% salvage value over a 20 year lifetime. 
d Assumes 5.1 interest rate over a 20 year loan. 
e Assumes that the gross heat energy generated by the CHP replaces current propane/furnace oil heating at a cost of $0.10/kWh. 
f Assumes no additional cost of connecting the CHP to an existing electrical grid and hydronic heating system than that already included. 
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Due to their high level of automation, only one operator is required to produce the wood chips and operate and 
maintain a small-scale biomass CHP system. The electricity and heat generation costs presented above are 
based on a 90% utilization rate (7 884 hours/year). The cost of diesel generated electricity in remote off-grid 
communities can exceed $1.00/kWh, suggesting that small-scale biomass CHP systems can displace a 
significant portion of the cost of generating electricity with fossil fuels. 

If instead of being released into the atmosphere, the heat produced by these CHP systems was utilized in nearby 
buildings to displace heating with propane at a cost of $0.10/kWh, significant energy savings would occur  
(Table 4). Applying these savings to the electricity generation costs would significantly reduce them to values 
between $0.19/kWh and $0.43/kWh. On the other hand, using the heat from the CHP system will impact the 
economics of the installation, which will depend on the capital investment required for installing a district heating 
system network. These costs were not included in the analysis.  Site specific analyses should be undertaken to 
determine the suitability and benefits of integrating the CHP with existing hydronic heating systems. 

Benefits and expected outcomes of installing small-scale CHP 
systems in remote off-grid communities 
In addition to the economic benefits described above, the following social, environmental, and economic benefits 
of using a biomass CHP technology have been identified for remote communities with high energy costs: 

• Reallocating revenues spent on fossil fuel purchases to support a community CHP system. Labour and 
fuel costs are retained in the community and can be used to further support the local economy, reducing 
economic leakage. 

• Local employment opportunities are created for community members during installation and set-up. One 
full-time equivalent (FTE) will be required to operate the system throughout the year. This system could 
also serve as a capacity building centre to people in the operation and maintenance of CHP systems.  

• Substituting fossil fuels with wood chips or pellets produced from logging residues that otherwise would 
have been burned in the forest or landfilled contributes to emission reduction strategies. Actual carbon 
off-sets could be calculated based on specific installation scenarios. 

• Using the heat produced by these systems to replace inefficient solid wood burning stoves could improve 
public health within these communities by reducing the amount of small particulate matter in the air. 

• If not used for district heating, heat generated by the CHP system is available for community and 
economic developments.  Opportunities include heating greenhouses and/or kilns for firewood, lumber, 
tone wood, and other wood products. Drying facilities for wild rice, medicinal plants, wild mushrooms, and 
other food products could also be considered. 
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FPInnovations plans to support the adoption of small-scale CHPs 
 

FPInnovations and its collaborators are well positioned and 
prepared to assist with the development of small-scale biomass 
CHP projects in remote and Indigenous communities through pre-
feasibility studies, technical and engineering support, and 
biomass supply chain development. A network of facilities for 
training and de-risking small-scale biomass CHP systems is 
currently being developed by a team led by FPInnovations, the 
National Research Council, the University of British Columbia, 
Natural Resources Canada, and supported by diverse 
stakeholders: colleges, universities, First Nations, and European 
CHP manufacturers.  

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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