
  

 

According to Alanne (Alanne et al., 2010), micro-

cogeneration with a natural gas-burning Stirling 

engine works best in standard houses in cold 

climates with the present electricity mixes, but, as 

expected, applies poorly to passive houses, where 

the electrical power demand is high when 

compared to that for thermal power.  

 

On the other hand, fouling problems arising from 

deposition of unburned species, soot and ash over 

the surface of the heat exchanger are likely to 

occur, in particular when low grade fuels such as 

wood chips are burnt to produce heat for a Stirling 

engine.  

 

What is a Stirling engine? 

 
The Stirling engine is an external combustion 

reciprocating engine developed by Robert Stirling 

in 1817. The Stirling engine is based on a closed 

cycle, where working gas like helium is 

compressed in a cold cylinder and expanded in a 

hot cylinder. Stirling engines are classified into 

three groups: alpha, beta, and gamma. Each 

configuration has the same thermodynamic cycle 

but has different mechanical design. 

 

The advantage of the Stirling engine, when 

combustion of biomass is concerned, is that the 

combustion is not taking place inside the cylinders 

like in internal combustion engines (IC). The heat 

input from the combustion fuel is transferred from 

outside to the working gas through a hot heat 

exchanger at a high temperature. Heat that is not 

transferred to shaft work is rejected to the cooling 

water in a cold heat exchanger at 300–350 K. 

Coupling a burner with Stirling engines is an 

interesting option for micro-scale co-generation 

(10-50 kWth, 1-10 kWe). 

 

Heat can be supplied to a Stirling engine hot 

cylinder by e.g. burning diesel, gasoline, liquefied 

propane gas (LPG), liquefied natural gas (LNG), 

Introduction 
 

Biomass continues to attract much interest as a 

renewable, low-CO2, and increasingly cost 

competitive alternative to traditional fossil fuels for 

heat and electric power generation. There is a 

strong driving force for the development of 

innovative small-scale CHP (combined heat and 

power) plants based on biofuels. Gasification 

based CHP systems can potentially have a higher 

electricity efficiency than a direct combustion CHP. 

The gas obtained by gasification can be utilized in 

diesel, gas, Stirling or dual fuel engines, or in a 

gas turbine.  

 

Centria University has in Ylivieska a gasifier for 

research and testing operations. It is a downdraft 

gasifier, which consists of a feeding system for 

wood chips, air pre-heater and supply, gasifier with 

ash removal and gas cleaning system. In the 

HighBio2 project the gasifier has been equipped 

with a Stirling engine for power generation, instead 

of with as previously an internal combustion (IC) 

engine. The idea has been to study if there are 

advantages of using a Stirling engine over the 

internal combustion engine. This project info sheet 

gives an overview of the use of Stirling engines.  

 

What engines are suitable for micro-

generation of electricity?  
 

Micro-cogeneration, which is the local generation 

of electrical and thermal power simultaneously to 

satisfy the power demands of lighting purposes, 

building services and the thermal demands of 

space heating and production of hot water in 

residential buildings, is an alternative to 

conventional oil, gas, and biomass boilers, and, to 

some extent, heat pumps, solar thermal, and 

photovoltaic systems. The most cited technologies 

in small-scale micro-cogeneration (less than 5 

kWe) are fuel cells, internal combustion engines, 

and Stirling engines.  
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According to Jensen et.al., when using biomass as 

fuel in a Stirling engine, there is a high risk of 

fouling of the heat exchanger. Moreover, when 

using wood gas in an internal combustion engine, 

the content of particles and tar which are harmful 

for the IC engine should be very low. Furthermore, 

the gas should also be cold and have a heating 

value as high as possible in order to get the highest 

possible performance from the IC engine based 

CHP system.  

 

On the other hand producer gas containing tar and 

particles can be used directly in a Stirling engine 

without further cleaning compared to a Stirling 

engine fired directly on biomass and in addition all 

the tar produced can be converted to useful energy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Centria downdraft gasifier. 

 

 

Source  

 

Pieniniemi K., Muilu Y., Lassi U. (2013): Micro-CHP 

based on biomass gasification in a downdraft 

gasifier and Stirling engine. 21st European Biomass 

Conference and Exhibition, 3-7 June 2013, 

Copenhagen. 

biogas, syngas, biomass, liquid biofuels, or by 

directing concentrated solar irradiance. 

 

Main advantages of Stirling engines are the 

smoothness of operation, flexibility toward the 

external heat source and the high thermodynamic 

efficiency. The Stirling cycle engine is suitable for 

stationary power production from renewable energy 

sources. It is inherently fuel-efficient having a high 

theoretical efficiency compared to other small 

capacity heat engines.   

 

It can use different types of renewable energy 

sources including solar and geothermal energy, 

biomass and biogas from animal waste and 

garbage. Because of the continuous burning 

process in a Stirling engine it burns the fuel more 

completely and produces less emission than an 

internal combustion engine where the burning 

process is not continuous involving explosions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. SOLO Stirling 161 micro CHP-module (9 kWe and 26 

kWth) installed at the Centria renewable energy research 

laboratory. 

 

Nishiyama et.al have studies emissions of the 

Stirling engine operated with wood powder. They 

found that the air ratio can be reduced down to 1.1 

without increasing CO emission of less than 10 

ppm while NOx emission was estimated to be less 

than 120 ppm (6% O2 basis) in same conditions. A 

higher air ratio results in lower CO emission as well 

as higher combustion efficiency.  

 

Although NOx emission cannot be avoided in the 

higher air ratio operation, the concentration range 

can be estimated to be in the range of 150–200 

ppm (at O2 6% conversion). 
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