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Introduction 

Demand-side flexibility [1] presents added benefits for the energy grid. For instance, reduction of 

generation capacity requirements, higher security of supply and widened competition for the provision 

of balancing services [2]. Through demand-side flexibility, consumers can also benefit from reduced 

energy supply costs and a higher grid reliability [3]. Due to the large consumption levels of the industrial 

sector [4], the inherent flexibility of industrial facilities poses a significant contribution to extend the 

demand-side capabilities of the grid. If we look from the industrial consumer’s point of view, it is 

fundamental to first, identify and characterize the energy flexibility measures for local industrial 

processes and secondly, to evaluate for which market segments or tariff schemes the flexibility can be 

offered in a demand response market. Finally, it is important to assess the economic benefits of 

flexibility. With regard to the first step, the German research project SynErgie [3] described the flexibility 

of industrial processes through energy flexibility measures (EFM). The description through EFM offers 

a simple and effective way to compare the identified flexibility potentials executable in an industrial 

production site [5]. As for the second step, a deep knowledge of the energy market and tariff structure 

is required. Currently, consumer awareness regarding the opportunities provided by demand response 

actions has yet to be fully established [1]. In literature, a methodic classification for market segments or 

tariff schemes has been carried out describing where the commercialization of energy flexibility is 

possible [6]. In [6] so-called market options are characterized in order to support flexible industrial 

consumers. A general potential for costs reduction or profit increase was also evaluated, showing that 

the highest potential can be ascribed to the reduction of network charges and the day-ahead market 

(DAM) [6]. Finally, quantitative assessments for different market options and their possible combinations 

have to be carried out. For this, a decision model for the cost-optimized utilization of the EFM must be 

designed. This would allow exploring how the consumer can benefit from the means of EFM through a 

specific market option or multiple market options and identifying the most profitable market combination. 

In literature, decision models or energy management systems for industrial flexibility have been 

proposed in [7–9]. However, they mostly lack a generic definition of the industrial flexibility requiring 

specific modelling of each energy flexibility measure and concentrate the assessment on only one 

configuration of energy markets and tariffs.  

Method 

In this paper, a decision model for the cost-optimized utilization of EFM in multiple market options is 

designed. Here, EFM activation is simulated that modifies the electricity consumption profile measured 

at the consumer’s connection point to the public grid. The aim is to decide in the current situation whether 

it is the optimal time to activate the EFM for maximum energy cost reduction. The cost reduction is 

achieved reducing the network charges and/or purchasing the electricity on the DAM [6].The decision 

model is based on a mixed integer linear programming (MILP) optimization problem with a time interval 

of 15 minutes. The system complexity is due to the multiplicity of market options and EFM, which impose 

constraints regarding the maximum load at the connection point of the facility and on the EFM activation. 

Using the definition of EFM, the designed decision model is applicable to different facilities in industrial 

environment. With the simulation results, the costs for the energy purchase and the EFM activation are 

calculated and the corresponding optimized load profile is defined. Results are compared to a set of 
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reference scenarios, evaluating the benefits of the EFM implementation and assessing the most 

profitable market options combination.  

Results 

The decision model is tested on an energy flexible industrial facility characterized by an electrical storage 

system, a flexible ventilation system, and unidirectional charging stations for electrical vehicles (EV). 

Simulations consider an exemplary load profile of an industrial facility and historic energy prices. Results 

show that the utilization of energy flexibility allows an energy costs reduction in every market option 

combination up to 3,5%, assessing the positive effect of demand response for industrial companies. In 

addition, the consideration of alternative market options further reduces the overall facility energy costs. 
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Figure 1: The case study for the decision model considers an industrial facility including an electrochemical battery, 
EV charging stations and a flexible ventilation system. 
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