
Accepted Manuscript

Investment risk for biomass integrated gasification combined heat and power unit 
with an internal combustion engine and a Stirling engine

Łukasz Bartela, Janusz Kotowicz, Klaudia Dubiel-Jurgaś

PII: S0360-5442(18)30386-4

DOI: 10.1016/j.energy.2018.02.152

Reference: EGY 12452

To appear in: Energy

Received Date: 18 October 2017

Revised Date: 24 February 2018

Accepted Date: 27 February 2018

Please cite this article as: Łukasz Bartela, Janusz Kotowicz, Klaudia Dubiel-Jurgaś, Investment risk 
for biomass integrated gasification combined heat and power unit with an internal combustion 
engine and a Stirling engine,  (2018), doi: 10.1016/j.energy.2018.02.152Energy

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1

Investment risk for biomass integrated gasification combined heat 

and power unit with an internal combustion engine and a Stirling 

engine

Łukasz Bartelaca, Janusz Kotowicz, Klaudia Dubiel-Jurgaś

Institute of Power Engineering and Turbomachinery, Silesian University of Technology

Konarskiego 18, 44-100 Gliwice, Poland
calukasz.bartela@polsl.pl

Abstract: In paper, the results of an analysis of the integration of a Stirling engine with a Biomass 
Integrated Gasification Combined Heat and Power system have been presented. The analyses were 
conducted for two systems: with and without Stirling engine. The priority for the power system is the 
utilization of waste biomass. In addition, the system produces electricity and heat for the municipal 
district heating network. The Stirling engine uses the high-temperature potential of the raw process 
gas. The use of an additional engine in the cogeneration system permitted an increase in the electricity 
production. Calculations were carried out for different degrees of gas cooling in the Stirling engine. 
The basic energy flows in the system, and the thermodynamic assessment indicators were determined. 
In the next step, the calculations were carried out to obtain the economic evaluation indices. The risk 
analysis was conducted using the Monte Carlo method. The main technical and economic risk factors 
concerning the implementation of the cogeneration technology were then identified. On the basis of 
the determined cumulative probability curves used for obtaining the specified values of the Net 
Present Value Ratio, the values of the defined indices of the investment risk assessment could then be 
obtained.
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1. Introduction

Currently around the world, including in the countries of the European Union (EU), 

technologies that allow the use of countries own energy resources, taking into account the 

criterion of minimizing adverse effects to the environment, are being promoted. All the 

technologies that enable an effective use of the potential of renewable energy sources 

perfectly fit this scope. At the end of 2016, throughout the world, such sources had an 

installed electricity generation capacity of 2,017 GW, of which 1,096 GW was power from 

hydropower plants. Among all the recently operating renewable energy sources, the most 

dynamically growing branches are the wind and solar power industries. Even though in the 

case of these technologies, the amount of installed electric power is relatively small, e.g., at 

the end of 2016, the installed electric power was only 487 GW for wind energy and 303 GW 
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