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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

The high efficiency cogeneration is promoted across European Union by support schemes that are applied in order to achieve 
energy policy goals of sustainability, security of supply and improved competitiveness. The paper presents an analysis of the 
factors which influence the qualification of the electricity production in high efficiency cogeneration for the biomass combined 
heat and power plants. The correct identification of the energy from the consumed biomass and the delivered useful heat, it is 
decisive for the high efficiency cogeneration. 
© 2018 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 11th International Conference Interdisciplinarity in 
Engineering. 
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1. Introduction 

Combined heat and power (CHP) production or cogeneration is significantly more efficient than separate 
production. Cogeneration greatly reduces overall fuel use, leading to lower emissions. There are various market 
instruments used by governments of EU Member States to support electricity production from renewable energy 
sources and high efficiency cogeneration [1,2]. 
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where: 
ηh,CHP is the heat efficiency of the cogeneration production; 
ηe,CHP is the electrical efficiency of the cogeneration production; 

 ηh,Ref is the efficiency reference value for separate production of heat (ηh,Ref = 86% for biomass) [7]; 
 ηe,Ref is the efficiency reference value for separate production of electricity (ηe,Ref = 33% for biomass) [7]; 

ploss is the correction factor for avoided grid losses (ploss = 0.935 for connection voltage level 20kV) [7]. 

The electrical efficiency and the heat efficiency of the cogeneration production: 
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For calculating useful heat the following two components are considered: 

output ownH H H= +    (4) 

where: 
 Houtput is the useful heat delivered to the heat consumers outside the cogeneration unit; 
 Hown is internal services thermal consumption for heating fuel and heating office buildings. 

2.1. The determination of fuel energy 

The supply biomass is stored in the biomass storage near the power plant by category. The deposit allows 
mechanical homogenization of the biomass for each category of fuel material: wood fuel and agricultural biomass, 
respectively.  

The biomass for the boiler is weighed with the help of a car charger. The record of biomass quantities is done in 
LUTRO and ATRO. The equation is: 

100 (%)
100

wATRO LUTRO−= ⋅    (5) 

where: 
 ATRO is the amount of biomass without moisture (kg); 
 LUTRO is the amount of biomass with moisture (kg); 
 w is the humidity from biomass (%). 

The biomass quality is verified by two types of laboratory samples: daily measurements of moisture content and 
biannual determinations of lower calorific values. Correction of net calorific value with humidity is done with the 
following equation: 
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The simultaneous conversion into heat and electricity of energy from renewable sources or the waste heat from 
different industrial processes is a solution to reduce greenhouse gas emissions [3]. If the primary energy source has a 
lower thermal potential, as is the case renewable energy sources [4,5], can be used organic Rankine cycle (ORC), for 
cogeneration both useful forms of energy: electricity and heat. 

The support scheme of electricity production from the renewable energy sources (RES-E) in Romania, combines 
the mandatory quotas with the trading of green certificates (GC). Directive 2004/08/EC on the promotion of 
cogeneration and Directive 2012/27/EU on energy efficiency, established the political framework that allows the 
expansion of the cogeneration implementation in the Member States (Directive 2012/27/EU; Directive 2004/8/EC). 

Currently, there are different support instruments in the EU to stimulate the production of electricity from 
renewable energy sources. Romania has opted for mandatory quota system and green certificates (GC). In the case 
of biomass, the support scheme provides 2 GC for each MWh delivered to the public network and additional 1 GC if 
the electricity is produced in high efficiency cogeneration. 

2. Analysis of a cogeneration plant with ORC technology and biomass fuel 

The principle thermal scheme of the cogeneration plant with organic Rankine cycle (ORC) and biomass fuel is 
shown in Figure 1. The technical characteristics in the nominal conditions of the biomass CHP are:  electrical power 
1.3 MWe and thermal power 5.4 MWth. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The principle thermal scheme of the CHP unit with ORC technology. 

The main fuel is the biomass (without burning fuel support) and it comes from the primary wood industrialization 
(wood chips, bark, sawdust) and biomass from agriculture (straw). Heat delivered by the cogeneration plant is 
mainly used for industrial purposes (dryers for wood) and a small part for heating administrative buildings and 
production. 

The qualification of electricity production in high efficiency cogeneration for a cogeneration unit is based on the 
primary energy saving compared to separate production with alternative technologies in similar conditions and the 
same amounts of useful heat and electricity [6]: 
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