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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.  
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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 

In this paper is determined the optimal power that needs to be generated by the units in a microgrid so that the total generation 
cost should be minimum at the consumer premises. The optimization is performed for the steady-state condition of the system. A 
microgrid is a small-scale power grid that can be operated independently or in combination with the area’s main electrical grid. A 
microgrid can comprise multiple renewable energy sources, such as wind turbines, photovoltaic panels, micro-hydro generators, 
biomass, fuel cells and storage units. The case study is performed for a microgrid that comprises six generating units and one 
load. The installed capacity of the generating units is 737 kW, while the load demand is 454 kW. 
© 2018 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The coordinated operation and control of distributed generation (DG) sources and controllable loads is the main 
concept of Microgrids (MG).[1] 

A typical MG architecture consists of distributed energy resources (DER), a communication network, an MG 
central controller (MGCC) and local loads. The MG has centralized control with the MGCC, which exchanges 
information with local loads and DERs through the communication network.[1] 

In the second section of this paper a Microgrids overview is presented.  
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From grid point of view, the main advantage of a Microgrid is that it is treated as a controlled entity within the 
power system. It can be operated as a single aggregated load. This ascertains its easy controllability and compliance 
with grid rules and regulations without hampering the reliability and security of the power utility. [1] 

From loads point of view, Microgrids can cover their power requirements. They can supply uninterruptible 
power, improve local reliability, reduce feeder losses and provide local voltage support. Also, from an 
environmental point of view, Microgrids reduce pollution and global warming due to the utilization of low-carbon 
technology.[1] 

3. Mathematical model of the optimization 

The optimization variables are the unknown amount of power Pij that is transmitted from the generating unit i to 
the load j, through the power line Lij. 

The aim of the objective function is to minimize the total generation costs of a microgrid that supplies a 
consumer. The objective function can be expressed as: 

1 1
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m n

i j
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= =
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where: 
• m- number of generating units; 
• n- number of loads. 

The generation cost GC can be expressed as: 

2G gij gijC P Pα β δ= ⋅ + ⋅ +   (2) 

where: 
• α- the cost of installing a MW in a generating unit [EUR/MWh2]; 
• β- the cost of generating one MW in an hour [EUR/MWh]; 
• δ- the repair cost [EUR/h]; 
• Pgij- the power generated by the unit [MW]. 

The objective function is subjected to the following constraints [14]: 
• for sources- the power allocated by a source should not exceed its maximum available capacity: 

1

n

ij i
j

SP
=

≤    (3) 

• for loads- the powers allocated to a load should cover its power requirements:  
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• for lines- the power transmitted through a line should not exceed its maximum transport capacity:  

maxijP P≤    (5) 

 
• for lines- the power flow is from sources to consumers: 
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In the third section of this paper is presented the mathematical model which is used for the determination of the 
optimal power that needs to be generated by the units of a microgrid, so that the total generation cost should be 
minimum at the load (consumer). 

In the fourth section of this paper a case study will be performed for a test system. The test system comprises six 
generating units and one load. The installed capacity of the generators is 737 kW, while the load demand is 454 kW. 
The analysis will be performed for the steady-state condition of the system. 

In the fifth section of this paper are presented the conclusions. 
Other researches were focused on the development of MG using artificial neural network for renewable energy 

forecast, system control and power dispatch [2,3], optimal management of distributed generators and storage units in 
a MG [4-9], optimal planning of topology considering the distributed energy resources output and the reliability of 
the MG [10] or on the optimal operation of the MG in the cases it is islanded or connected to the grid [11-13]. 

2. Microgrid overview 

Microgrids are small-scale, low voltage and medium voltage supply networks. The Microgrids are designed to 
supply power for loads (for example a small community, a commercial area, an industrial site or a municipal 
region). Microgrids are essentially an active distribution network because it is the gathers DG systems and loads at 
distribution voltage level. The generating units that are used in a Microgrid are usually renewable energy sources 
that are integrated together to generate power at distribution or utilization voltage.[1] 

A Microgrid that consists of electrical loads and different types of sources is presented in Fig. 1. 
 

 

Fig. 1. Microgrid components. 

The major differences between a Microgrid and a classic power plant are as follows: 
• the sources are installed near to the loads premises so that they can be supplied with satisfactory voltage and 

frequency profile and negligible line losses. 
• the power generated by the sources can be sent directly to the distribution network; 
• the sources have a much smaller capacity in comparison with the large generators in classic power plants.[1] 

The Microgrid can be operated in two modes:  
• connected to the grid; 
• isolated from the grid. [1,4,5] 

In grid-connected mode, the Microgrid remains connected to the main grid and imports or exports power from or 
to the main grid. In case of any disturbance in the main grid, the Microgrid switches over to stand-alone mode while 
still feeding power to the priority loads.[4,5] 

The technical features of a Microgrid make it suitable for supplying power to isolated areas of a country where 
the power supply from the national grid system is difficult due to the topology or frequently disrupted due to severe 
climatic conditions or due to man-made disturbances.[1,4,5] 
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