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Small-Scale Biomass Combined Heat and 
Power (CHP) 
Part I – A Primer 
Christoph Schilling, Dr. Marian Marinescu, Stuart Spencer, and Dr. Dominik Röser 

Introduction 
Many sawmills in Canada are struggling to recover revenue from, or dispose of woody biomass residues, 
such as bark, wood chips, and sawdust. These residues accumulate and take up valuable space in the mill 
yard and need to be landfilled. Logging operations also create a significant amount of woody residues (stem 
tops, branches, and un-merchantable logs) which commonly are piled and burned. The practice of burning 
logging residues is increasingly discouraged by local and national regulations and landfilling mill residues is 
costly. Small-scale biomass combined heat and power (CHP) technologies can alleviate these issues by 
converting woody biomass residues to heat and electricity for remote off-grid communities and other public 
and industrial applications. This info note summarizes current technical and economic information regarding 
commercially available small-scale biomass CHP technologies with electrical generation capacities below  
1 MWel. It is the first in a series of three info notes: Part II presents the technical and economic aspects of 
small-scale biomass CHP systems under 165 kWel, with a focus on gasification technologies, and Part III 
describes the design and economics of biomass supply chains for these systems.1 

Technology overview 
Biomass CHP technologies convert the energy naturally stored in biomass into heat and electricity. Two of the 
most popular thermo-chemical conversion methods used by CHP technologies are direct combustion and 
gasification.  

Direct Combustion 
Direct combustion is widely used in boilers to convert biomass into heat, which is transferred to a medium 
such as water/steam and further converted to electricity in an electrical generator (e.g., steam turbine). 
Biomass boilers of various capacities exist, but the most popular biomass boilers for small-scale applications 
are stoker boilers. In these boilers, biomass fuels (wood chips or pellets) are either underfed or conveyed onto 
a moving grate (Figure 1). Modern boilers can combust biomass fuels with up to 60% moisture content and 
particle sizes of less than four inches (known as “4 inch minus” chips). Biomass particle size/uniformity and 
fine particle content are constraints for each boiler type/size and are also critical attributes for boiler overall 
efficiency. The degree of biomass contamination is also very important for boiler performance, because 
contamination with soil and sand can cause slagging, chemical contamination can generate harmful 
emissions, and large rocks and metal can cause extensive equipment wear and tear.  

  

                                                           
1 Schilling, C., Marinescu, M., & Röser, D. (2017).  Small-Scale Biomass Combined Heat and Power (CHP), Part II – Technical and 
economic aspects of small-scale CHP systems (< 165 kWel) and Part III – Design and economics of biomass supply chains for small-
scale CHP systems (< 165 kWel) 
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Gasification
Gasification systems heat biomass fuels in an oxygen-controlled environment (a gasification reactor) to 
produce a gas called producer gas, synthetic gas, or syngas that can be further combusted to generate heat 
and/or fed into an internal combustion engine (ICE) that powers an electrical generator. The biomass fuels for 
the majority of these systems must have a moisture content of 10%–20% to promote an efficient gasification 
process and create high quality syngas. Biomass particle size uniformity is critical to ensure the homogeneity 
of the gasification bed by minimizing cold spots and insuring the flow of the gasifying medium (e.g. air, steam, 
oxygen). The ideal biomass particle size depends on the reactor design and size, and can vary between  
2 and 4 inches. Some gasifiers are designed for wood pellets. The most common type of gasifiers used in 
small-scale applications is the fixed bed gasifier (Figure 1). 

 
Figure 1. Conversion and power generation technologies 

Commercially available small-scale biomass CHP units under 1 MWel employ two power generation 
technologies: organic Rankine cycle (ORC) and internal combustion engines (ICE) (Figure 1).  

Organic Rankine cycle technology 
This technology is used in conjunction with a direct combustion system in which a working fluid is pressurized, 
heated, evaporated and then expanded over a turbine to create electricity. Unlike the traditional steam boiler 
system where water is superheated and steam is expanded over a turbine-generator, the ORC power 
generation systems evaporate a silicon-based organic oil instead of water, which requires no superheating 
and simplifies the system. Due to the characteristics of the organic oil, an additional thermal oil circuit is 
required to transfer heat from the boiler to the evaporator. ORC systems have lower operation and installation 
costs than traditional steam turbine systems and do not require steam engineers on site.  

Internal combustion engine technology 
This technology is used in conjunction with biomass gasifiers and it is the most preferred technology for  
small-scale CHP systems under 165 kWel in Europe. It is also common in Europe to pair smaller CHP units to 
generate several megawatts of electricity. Although small, these systems have electrical efficiencies 
comparable to those of high efficiency steam turbine generators. However, they have shorter life spans, 
higher maintenance costs, and require stricter biomass quality attributes than direct combustion & ORC units. 
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Installation costs and biomass requirements 
In general, as presented in Figure 2, installation costs per kWel decrease steeply from $20 000/kWel for  
40–500kWel CHP systems (i.e., gasification and ICE systems) to $7 500/kWel for CHP systems above 500 
kWel (i.e., ORC systems). In addition, the smaller the CHP capacity is, the stricter the biomass fuel quality 
specifications are (i.e., biomass particle size and moisture content). Annual biomass fuel requirements range 
between 300 oven-dry tonnes (ODt) for 40 kWel systems to 10 500 ODt for 1 MWel systems (Figure 2). 

  
Figure 2. Installation costs and annual biomass requirements. 

Those interested in small-scale biomass CHP technologies can utilize the above graphs to approximate the 
potential power output, installation costs, and select a CHP technology type (gasification/ICE, or direct 
combustion/ORC) based on the annual available biomass supply for their application. A couple of examples 
are provided in Table 1.  

Table 1: Examples 
 Example 1 Example 2 
Available Biomass 8 000 ODt/yr. 1 000 ODt/yr. 
Potential CHP power output (Figure 2, right) 800 kWel 150 kWel 

Estimated installation costs (Figure 2, left) $8 000/kWel  
($6.4 million total) 

$12 000/kWel  
($1.8 million total) 

 Technology type Stoker boiler + ORC Gasifier + ICE 
 
This info note series is for information purposes only and should not constitute the sole justification for 
selecting and investing in a small-scale biomass CHP system. Comprehensive feasibility and engineering 
studies considering local heating, electricity requirements and biomass supply are needed to select the most 
appropriate CHP system. 

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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