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Abstract: This paper proposes a decision model for the optimized scheduling of energy
flexibility and the assessment of different energy purchase strategies for industrial facilities.
The decision model refers to a deterministic, mixed-integer linear programming (MILP)
optimization problem with a time interval of 15 minutes. A case study covers flexible loads,
energy storage units, and the load profile of an industrial production cycle. The objective
function includes operational costs, energy purchase costs, and network charges.
Furthermore, the annual peak load is constrained to reduce network charges. This allows for
the flexible use of energy in a cost-efficient way. The flexible use of energy makes it possible
to reduce energy costs and allows for accomplishing further cost benefits due to peak power
reduction. A comparison of energy purchase strategies shows the cost advantage from
investigating alternative strategies.

Keywords: Energy flexibility measure, Flexibility management, Multi market participation,
Peak power reduction

1 Introduction

Demand-side flexibility [1] presents added benefits for the energy grid. For instance, reduction
of generation capacity requirements, a higher security of supply and a widened competition for
the provision of balancing services [2]. Through demand-side flexibility, consumers can also
benefit from reduced energy supply costs and higher grid reliability [3]. The higher levels of
consumption in the industrial sector compared to other sectors [4] implies that greater flexibility
for industrial facilities would significantly contribute to extending the demand-side capabilities
of the grid. Fundamental, from the industrial consumer’s point of view, is to first identify and
characterize the energy flexibility measures for local industrial processes, and second to
evaluate to which market segments or tariff schemes the flexibility can be offered. 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].
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The second step requires deep knowledge of the energy market and tariff structure. Currently,
consumer awareness of opportunities provided by demand response actions has yet to be fully
established [1]. A methodical classification for market segments or tariff schemes has been
carried out in literature describing where marketing energy flexibility is possible [6]. Bianchini
et al. [6] characterized so-called market options to support industrial consumers. The potential
for cost 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, it takes quantitative assessments for different market options and possible
combinations to identify the most profitable market combination. To this end, a decision model
needs to be designed to determine the cost-efficient utilization of EFM. In literature, decision
models or energy management systems for industrial flexibility have been proposed, e.g. by
[7-9]. However, these approaches mostly lack a generic definition of industrial flexibility and
require specific modelling for each energy flexibility measure. Moreover, they focus on
assessing only a single configuration of energy markets and tariffs. This paper designs a
decision model for the cost-efficient use of EFM in multiple market options. EFM activation is
simulated, modifying the electricity consumption profile measured at the consumer’'s
connection point to the public grid. The aim is to decide whether a specific point in time is the
optimal point for activating EFMs to reduce energy costs. Cost reduction is achieved by
reducing network charges and/or purchasing electricity on the DAM [6]. Using EFM definition,
the designed decision model is applicable to different industrial facilities. The paper is
organized as follows. Section 2 provides a background overview of related fields. Section 3
describes the decision model and the scenario assessment model. Section 4 presents a case
study. The results are outlined and discussed in section 5, followed by the conclusion and an
outlook in section 6.

2 Background

2.1 Energy Flexibility in Industrial Systems

Energy flexibility on the consumer side can be defined as the ability of a production system to
adapt quickly and with little financial effort to changes in the energy market [10]. Energy
flexibility is implemented in practice through EFM, defined as concrete and conscious actions
on industrial processes ending up in a variation of consumption at the grid connection point
[11]. Energy flexibility on the consumer side benefits the grid in multiple ways. The most
relevant benefit is the option to ensure a balance between power supply and demand in grids
with large penetration of renewable energy sources (RES) and the possibility to reduce
curtailments [12, 13]. However, barriers related to availability, technical and regulatory aspects,
as well as uncertain or low compensation, limit the exploitation of energy flexibility on the
consumer side [1, 13, 14].

In the last years, steps have been taken towards reducing barriers for energy flexibility, also
thanks to the German project “SynErgie”, which is part of a program called “Kopernikus
projects for the Energiewende” [3]. The “SynErgie” project aims at synchronizing industrial
energy demand with fluctuating RES power supply [3]. In this context, EFM are defined by
three categories: power, time and costs. In addition, a method for identifying and characterizing
EFM has been developed and applied to different industrial consumers [5]. A data model

Seite 2 von 12



17. Symposium Energieinnovation, 16.-18.02.2022, Graz/Austria

aiming at a standardized description of energy flexibility measures has been proposed as an
essential basis for flexibly automating industrial processes [12]. Integrating flexibility into
production planning and control (PPC) has been investigated by [15]. The authors develop a
methodology to integrate energy flexibility planning and marketing in conventional PPC
systems that are not able to consider flexibility measures. Kaymakci et al. [16] introduce a
method for implementing flexibility measures down to the machine level, applying it to a
compressed air system that fills the gap between EFM management level and machine level
(shop floor). The representation of flexibility through standard parameters allows for comparing
different flexible processes and devices, representing both flexible loads and storage systems.
It helps provide a common basis for information exchange between different subjects, such as
flexible consumers and market operators, for commercializing flexibility measures on the
energy market [12]. It also contributes to assessing suitable marketing opportunities [6]. This
paper applies the standard definition of EFM introduced in [3, 5], representing local flexibility
in a simple but effective way (table 1).

Table 1: Descriptive parameters of energy flexibility measures (EFM) based on power, time and costs [3, 5].

Parameter Unit Description

Direction L Load variation: load reduction (|), load increase (1), load shift (1)
PErmmin kw Minimum EFM activation power

Prmmax kw Maximum EFM activation power

LEFM active min S Minimum EFM activation time

tEFM active max S Maximum EFM activation time

LEFM regen,min S EFM regeneration time

SOCery min % Minimum state of charge of EFM, if modelled as a storage system
SOCiry max % Maximum state of charge of EFM, if modelled as a storage system
Cactivation €/kWh EFM activation costs based on the activated flexible energy

2.2 Market Options

Consumers benefit from the marketing of flexibility measures for demand response through
reduced energy costs [3]. In Germany, different ways for marketing flexibility have been
identified. One option is oriented towards making a profit on the ancillary services market, and
a second option reduces the energy bill [6]. These options are defined here as market options
as in [6]. In the market options for profit increase, flexibility can be offered to the grid operator
by way of a power increase or decrease coming with a monetary gain. These Market options
have frequently been investigated in literature [9, 17-19]. However, due to frequent regulatory
changes and strong price fluctuations over the last years, the potential remains uncertain and
will not be further investigated in this paper [6].

The market options for cost reduction refer to reducing electricity supply prices and network
charges (NC) without considering other taxes and fees [20]. The electricity supply price
represents the cost of energy consumed and purchased directly from the energy market or
through a third party, called a retailer. The energy market is divided into the forward market
(FM), day-ahead market (DAM) and intraday market [21]. The FM deals with long-term
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electricity trading up to six years in advance, while DAM and intraday market have to do with
short-term trading for one day up to 5 minutes in advance [22, 23]. Due to the price risk on the
DAM and the intraday market, industrial consumers prefer to buy electricity in advance through
bilateral contracts via "over-the-counter" trading. Another option is to purchase on the FM
through a retailer [22]. However, the price fluctuations that characterize the DAM and intraday
market make the marketing of flexibility on these markets a promising business [24]. Long-
term purchase is not considered a marketing opportunity for flexibility, as explained in [6], and
is therefore defined as a purchase strategy. NC cover costs for construction, operation, and
maintenance of the grid. The grid operator raises NC for every consumer connected to the grid
[25]. NC can be reduced by limiting the maximum power peak over a given period of time. This
strategy is called peak shaving (PS). Further options for reducing network charges are
individual network charges allowed by regulation [25]. For atypical network usage (AN), the
consumer is required to reduce consumption during peak load time windows (PLTW). The
required reduction depends on the voltage level of the consumer’s grid connection and is
required to be not less than 100 kW. If the required reduction has satisfied every PLTW, the
maximum peak load generated during the PLTW is considered [25]. The third bill component
gathers any further legal taxes and fees the consumers pay to the state [20]. Flexibility can
reduce some of the taxes or fees by taking advantage of reliefs and exceptions. However, as
these criteria are diverse, their reduction requires case-by-case examination, and so they will
not be further evaluated here.

2.3 Literature Review

Decision models or purchase strategies for market players to activate flexibility measures on
energy markets are present in the literature. A portfolio optimization strategy for sellers
(generators) acting in multiple markets has been proposed in [25]. With this strategy, the seller
decides where and how to offer energy in various markets, considering price forecasts. [19]
proposes and investigates an optimal bidding methodology for flexibility aggregators operating
in multiple markets. A unit commitment of flexibility units is obtained considering forecasted
prices for the FM, the DAM, and the balancing market using stochastic MILP. The results show
that bidding on multiple markets increases the economic potential of demand response.

Decision models evaluating consumers’ market participation in multiple markets can be found
in the literature. Here, four examples are summarized. The authors of [9] introduce a stochastic
programming strategy, which can optimize the bidding on energy markets of an energy-flexible
factory in Germany for profit maximization. Here, bidding on the balancing market and on the
DAM are sequentially considered, and the strategy includes a risk evaluation. A stochastic
programming approach to optimize the production planning of a cement milling process is
developed in [17]. A sequential bidding process, first on the balancing market and then on the
DAM is depicted as part of the optimization problem. The authors use flexibility measures for
industrial process to minimize the expected costs, i.e. the costs for procuring energy on the
DAM without the profits from the tertiary reserve offers. In [8], a stochastic MILP is described
determining the optimal bidding strategy for an aluminium smelter offering its flexibility across
several markets. It considers various markets, in particular the DAM and the spinning reserve
market. It results in bidding curves for each hour and the availability of spinning reserve. An
additional decision model for large flexible industrial consumers is proposed in [7]. This MILP-
based model can simultaneously optimize the activation of energy flexibility and the energy
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portfolio procurement from different market options, including bilateral contracts and energy
markets. Flexibility measures are storage systems, flexible load, and onsite generation. These
examples, however, do not compare the profit from single markets and different market
combinations to the market combination investigated in the respective paper.

Existing approaches rarely evaluate the effect of flexibility activation or maximum withdrawal
on taxes and fees, not even for multiple market participation. [18] simulates the bidding strategy
for a cooling process of an energy-flexible factory in three Danish submarkets: the DAM, the
intraday market, and the balancing market. The three markets are considered individually and
in combination. It shows that consumers benefit from bidding in multiple markets due to the
price difference between markets. However, the authors assume that taxes and fees are
constant and only related to the consumed energy. For the Danish electricity market, the
authors of [27] investigate the potential for demand response of an industrial process (roller
presses). The study evaluates the potential for demand response including profit from the
balancing market, the energy costs, and the taxes, but it does not compute any specific cost
reduction or profit for a single company. The grid’s maximum power load is considered for
optimal energy scheduling of a flexible microgrid in [28]. Here, energy scheduling defines how
energy is purchased from and sold to the public grid, depending on energy-flexible devices
available and the maximum power load constraint. The hydrogen systems, which are the most
expensive system devices in the paper, are activated primarily in dependence of the maximum
power load constraint. This shows that the maximum power load constraint is relevant for
activating flexibility. However, the paper does not consider the combination of this constraint
with further market options.

This paper investigates the cost-effectiveness of the marketing of flexibility measures
considering day-ahead market (DAM) and network charges reduction, in particular peak
shaving (PS) and atypical network usage (AN). Both DAM prices and network charges have
been increasing over the last years [6]. Thanks to a limited complexity of market participation
and a stable regulatory structure, the authors have come to prioritize the investigation of these
market options [6]. The relevance and structure of network charges for German electricity
prices likewise makes it fundamental to investigate cost reduction due to multiple market
participation, including flexibility activation effects on taxes and fees. The results are compared
to the purchase of energy for a fixed price through a retailer and to the purchase on the FM.
The comparison with purchase strategies allows examining which advantage each
combination of market option and purchase strategy offers to the marketing of flexibility.

3 Methodology

3.1 Flexibility Management Decision Model

The decision model uses the electrical energy E per time interval t, E;, to model the energy
flows in the system. The power output P; of each system component is assumed to be constant
over the applied time intervals t of 15 minutes. While the fixed system demand P, , is known,

the MILP solver calculates the remaining energy flows, Eggy;¢, resulting from the EFM
activation Pgpy ; .- The objective of the decision model is to minimize system energy costs. The
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system load is Psyscem- The EFM activation cost is defined by the respective activation costs
Cactivation,i» the current market value Cp,qrker,e, and the network charges power price Cpoyer-

n
min Zy = Z 1 EEFM,i,t ' (Cmarket,t + Cpower + Cactivation,i) (1)
=

In Eq. (1), Egrm ¢ is calculated for each time step t for each i — th EFM. The total number of
EFM is represented by n. The energy flexibility power of the EFM is transferred to the decision
model taking the form of maximum and minimum value constraints shown in expression (2).

Peemimin < Permit < Permimax VYVt € [1,T] (2)

EFM availability is constrained by a maximum activation duration tggpy;activer and a
regeneration duration tgpy regen, Which follows an activation as shown in expressions (3-4).

tEFM,i,active,min < tEFM,i,active,t < tEFM,i,active,max vVt € [1' T] (3)
tEFM,i,regen,min < tEFM,i,regen vVt € [LT] (4)

The EFM availability of energy storage systems depends on their state of charge SOCgpp ;¢.
This is calculated using the energy flowing in and out of the storage system (Eq. (5)). The
SOCgrpy ;i is constrained by a maximum and minimum value, as shown in expression (6).

SOCermit = SOCermit—1 + Egrmic—1 YVt € [2,T] (5)
SOCermimin < SOCgpmit < SOCppymimax VYt € [1,T] (6)

Also, the system load Pgysm: and the reduction of network charges are constrained. To
consider the network charges, a binary value NC is introduced and the system is constrained
to Pyc.tmax- When network charges are not considered in the optimization, the system energy
state is constrained to the maximum load capacity of the systems grid connection point
Pyriamax, @S Shown in expression (7).

P, if NC=1
{ NC,tmax f vVt € [1’ T] (7)

n
Pgrmit + Pat = Psystemt < ;
Zl’:l ™ ' Y ’ Pgrid,max if NC=0

The value of Pyc ¢ max is defined depending on the considered reduction of NC, being PS or
AN. For PS, Pyctmax IS @ constant value Ppg. In the case of AN, the binary value PLTW is
introduced. It determines whether the current time step t is in a peak load time window. In that
case, Pyctmayx IS S€t to an adaptive value P,y ., in accordance with the AN qualification criteria
described in section 2; otherwise Py ¢ max IS S€L 10 Pyrig max (EQ. (9)).

A T EmEEEEEEEE_E_—__—__—_——— -~
{ \
- I Constraint ) |
’ EFM properties I application to set de?:(i);togpr:;nkai]L |
»  Cost reduction decision limitation 9
options & prices I |
» System demand I I
1 PEFM,[ t—1 ¥
N o e o o e e e o e o e e e e -
D Input/output i~ -j Decision model E Constraints & optimization

Figure 1: Overview of the decision model logic determining optimal EFM activation for each time step t.
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P, if PLTW =1
= { AN i vt € [1,T] 9)

PNC,t,‘max = Pgrid,max if PLTW =0

An overview of the logic implanted in the decision model is shown in figure 1. EFM properties,
the considered cost reduction options and their prices, as well as the system demand, are sent
to the decision model as input data. In accordance with the given constraints and input data,
the decision model determines the cost optimal activation of each available EFM Pgpy, ;. for
every regarded time step t € [1,T]. After each time step t, the decision is sent to the next time
step as additional input. So, temporal continuity and dependency is achieved.

3.2 Assessment Approach

To investigate market options and purchase strategies, a branch graph was created (figure 2).
This graph serves as a basis for simulation. It establishes the possible combinations of market
options and purchase strategies allowed by the regulation, hereafter referred to as scenarios.
Among the purchase strategies, a fixed market price (FIX) is considered for taking into account
the energy purchase through bilateral contracts or through a retailer. The combinations are
forwarded to the decision model, which then applies the corresponding input parameters and
constraints.

Each simulated scenario is evaluated according to the resulting overall costs Cy,erqan; EQ. (10).
Coveranl = Z?:l(Esystem,t ’ Cmarket,t + Z?:l EEFM,i,t ' Cactivatian,i) + NC (10)

For comparison, the reference scenarios (RS) were simulated in which no EFM were activated,
serving as a basis for assessing the profitability of EFM activation. The assessment parameter
Index enables a clear comparison between scenarios and RS. Here, the scenario overall costs
are examined in relation to those of the corresponding RS. This allows quantifying the
respective cost difference in percentage (Eq. (11)).

Index = <C0verall,scenario _ 1) 100 (11)
Coverall,RS

AN - FM & DAM & AN

PS » FM & DAM & PS

- ——— FM & DAM —— RS 1
/—’ AN ——— FM & FIX & AN
— PS » FM & FIX & PS

- = FM & FIX - RS 2

/-b AN —— DAM & AN

DAM —-E PS DAM & PS
- ——4— DAM —— RS 3
AN —— FIX & AN
PS FIX & PS
- ——— FIX —— RS 4
Long-term and short-term Network . . Reference
. . Resulting scenarios .
electricity trading charges scenarios

Figure 2: Branch graph of examined purchase strategies and cost reduction options.
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Additionally all scenarios and RS2 were compared to each other to contrast the standard
purchase strategy adopted by the investigated company (FM & FIX) with other possible
purchase strategies.

4 Case Study

The decision model was tested on an industrial facility, which includes an electrical storage
system, a flexible ventilation system, and unidirectional charging stations for electrical vehicles
(EV) (Table 2). The simulation considers an exemplary load profile of the industrial facility [3]
and historical energy prices [23]. The ventilation system can either be used as load increase
(EFM1) or load decrease EFM (EFM2). EV charging stations are available only during working
hours. The EV are modelled to arrive at 8 a.m. with a state of charge of 50% and leave fully
charged at 5 p.m., leaving the time of charging free for cost-efficient activation (EMF3). The
storage system is a load shifting energy flexibility measure (EFM4). Charging and discharging
levels are limited to extend the life expectancy of the component.

Table 2: Case study EFM specifications according to the descriptive parameters discussed in section 2 [3].

Parameter Unit EFM1: EFM2: EFM3: EFM4:
Ventilation Ventilation Cha_rging Storage
system system stations system
Direction Ll load increase load decrease | load increase load shift
Prrv min KW 0 0 0 0
Prrv max KW 300 300 350 2.500
LeFrMactivemin | S 0 0 0 0
terM activemax | S 432.000 1.800 | SOC dependent | SOC dependent
tEFM regen s 0 1.800 | SOC dependent | SOC dependent
SOCgry min % - - 50 10
SOCgruy max % - - 100 90
Cuctivation €/MWh 5,83 2,55 22,62 1.073,22

5 Simulation Results and Discussion

First, the total costs of the reference scenarios were compared. Purchase on the FM and the
DAM in RS1 is the only reference scenario to perform better than RS2, with a total cost
reduction of 2.9%. The two reference scenarios RS3 and RS4 are not profitable in comparison
to RS2, with a total cost increase of 1.58% and 10.43%, respectively. In particular, the total
cost increase of more than 10% in RS4 is mainly due to the considered high fixed price
assumed in the simulations. The investigated effect of the EFM activation (figure 3) leads to
energy cost reductions for all cases with a reduction between 2.2% and 3.5% (in figure 3
“‘comparison with respective RS”). The consumers benefit from EFM activation as costs are
reduced, even if no reduction of network charges is intended. Comparing the results to RS2,
the best scenario remains RS1 (FM-DAM), where cost reduction reaches 5%. The worst
scenario is still the purchase through fixed prices, with an increase of costs of up to 8%. As
regards the purchase on the DAM, this scenario becomes profitable with EFM activation,
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offering a cost reduction of 1% compared to RS2. Activating the relatively expensive EFM, as
in the storage system EFM 4, does not depend on energy prices but only on the NC strategy.
As in [28], the most expensive EFM is rarely activated in the absence of NC reduction
strategies such as PS (two activations). This explains that activation costs for scenarios with
the same market option for NC reduction are similar (figure 3 “Activation costs over the total”).
In presence of PS, the storage is activated more often than with AN (100 and 78 activations,
respectively) but with less energy activated, since AN requires fulfilling a higher energy level.
Despite the high activation costs, these two options remain more profitable than not including
NC as a market option. Considering PS and AN results in further cost reduction. Market options
for NC reduction are therefore a concrete way for industrial consumers to reduce energy costs,
and using storage systems for this scope is a viable strategy. On the other end, the relatively
cheap EFM are activated depending on the purchase prices. The ventilation system as a load
increase EFML1 is only activated if the DAM is considered. The activation takes place if prices
at the DAM are negative, creating an incentive for this kind of EFM. If FM is included, the
activation only takes place twice a year. Using the ventilation system to decrease the load
EFM2 is the most frequently activated EFM (more than 4500 activations). This is due to the
low activation costs. The only constraint here is the maximum active time and the necessary
regeneration time. The EV charging stations are always activated as defined. In this problem
formulation, they only exploit the negative prices in the DAM but not the minimum DAM during
the day, since the schedule does not consider future power consumption. Thus, the current
decision model does not fully optimize the timing for vehicle charging. This would require the

10,00%
8,00%
6,00%
4,00%
2,00%
0,00%

-2,00% I I I I I I I I I I I I

-4,00%

Percentual value [%]

-6,00%

-8,00%
AN PS AN PS
AN PS FIX- AN PS FM- EM- | FM-

FIX- = FIX-  DAM
FIX FIX FM EM EM DAM | DAM = DAM DAM | DAM

-2,25% -2,51% -2,64% -3,10% -3,38% -3,52% -2,23% -2,50% -2,65% -2,35% -2,64% -2,79%

FIX

m Comparison with
respective RS

C°mpg§§” With | 7 949, | 7.66% | 7,52% -3,10% -3,38% -3,52% -0,68% -0,96% -1,11% -5,18% -5,46% -5,60%
Activation Costs | g 540, | 4 449 | 0,61% | 0,04%  1,60% | 0,68% 0,04%  1,57% 0,66% 0,04%  1,64%  0,69%
over the total
Figure 3: Simulation results for each scenario with EFM activation. The total costs are compared to the respective
reference scenario (RS) and to the reference scenario based on the forward market and fixed price (RS2). Total
EFM activation costs as a percentage of the total costs are shown.
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optimization run to consider a longer optimization time period, as for an entire day in the DAM
scenarios.

6 Conclusion

This paper presents a decision model for optimizing EFM activation to reduce energy costs in
multiple markets. The system complexity results from the multiplicity of market options and the
EFM imposing constraints on the maximum load at a facility’s connection point and on the
EFM activation. Costs for energy purchase and EFM activation are optimized for a
corresponding load profile. The results are compared to reference scenarios neglecting the
activation of EFM. The results show that the utilization of energy flexibility allows for an energy
cost reduction of up to 3.5% in every scenario, assessing the positive effect of demand
response for industrial companies. Alternative market options further reduce overall facility
energy costs by up to 5% when purchasing energy on FM and DAM and reducing network
charges through PS or AN.

This decision model provides an initial evaluation of the benefits of EFM implementation for
different market options. A single time step optimization assesses the best possible cost
reduction through flexibility activation and demand response. Further research should
investigate optimization over a longer period of time, such as one day, to allow scheduling EV
charging in line with minimum DAM prices. A more realistic representation of the decision
model in real-time should be pursued. The current method assumes prices to be known, which
is not the case for a real-life market bidding phase. A risk-evaluation strategy could reduce the
risk of price volatility on the DAM and lead to safer purchase and flexibility activation solutions
for industrial consumers [26]. Forecast strategies for prices and loads could be included to
investigate the effect of forecasts on EFM profitability [19]. Further investigations on the EFM’s
long-term profitability can be carried out considering future price scenarios instead of past price
profiles.
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Automation (IPA) within this project (fund number for EEP: 03SFK3K1-2; fund number for Fraunhofer
IPA: 03SFK3Q2-2)

7 References

[1] European Smart Grids Task Force Expert - Group 3, Ed., “Final Report: Demand Side
Flexibility: Perceived barriers and proposed recommendations,” 2019. Accessed: Jun.
17 2021. [Online]. Available: https://ec.europa.eu/energy/sites/ener/files/documents/
eg3_final_report_demand_side_flexiblity 2019.04.15.pdf

[2] N. O'Connell, P. Pinson, H. Madsen, and M. O'Malley, “Benefits and challenges of
electrical demand response: A critical review,” Renewable and Sustainable Energy
Reviews, vol. 39, pp. 686—699, 2014, doi: 10.1016/j.rser.2014.07.098.

Seite 10 von 12



17. Symposium Energieinnovation, 16.-18.02.2022, Graz/Austria

[3] A. Sauer, E. Abele, and H. U. Buhl, Eds., “Energieflexibilitat in der deutschen Industrie.:
Ergebnisse aus dem Kopernikus-Projekt - Synchronisierte und energieadaptive
Produktionstechnik zur flexiblen Ausrichtung von Industrieprozessen auf eine
fluktuierende Energieversorgung (SynErgie).,” Fraunhofer IPA, Stuttgart, ISBN: 978-3-
8396-1479-2, 2019.

[4] Bundesverband der Energie- und Wasserwirtschaft e.V. (BDEW), Die
Energieversorgung 2020: Jahresbericht. [Online]. Available: www.bdew.de

[5] A.J. Tristan, F. Heuberger, and A. Sauer, “A Methodology to Systematically Identify and
Characterize Energy Flexibility Measures in Industrial Systems,” Energies, no. 13, pp.
1-35, 2020, doi: 10.3390/en13225887.

[6] I. Bianchini, F. Zimmermann, K. Torolsan, and A. Sauer, “Market Options for Energy-
flexible Industrial Consumers,” International Conference on Power, Energy and
Electrical Engineering (PEEE 2021), 2021. (Preview).

[7] F. Angizeh, M. Parvania, M. Fotuhi-Firuzabad, and A. Rajabi-Ghahnavieh, “Flexibility
Scheduling for Large Customers,” IEEE Trans. Smart Grid, vol. 10, no. 1, pp. 371-379,
2019, doi: 10.1109/TSG.2017.2739482.

[8] X.Zhang and G. Hug, “Bidding strategy in energy and spinning reserve markets for
aluminum smelters' demand response,” in 2015 IEEE Power & Energy Society
Innovative Smart Grid Technologies Conference (ISGT 2015): Washington, DC, USA,
18 - 20 February 2015, Washington, DC, USA, 2015, pp. 1-5. Accessed: Nov. 4 2021.

[9] M. Bohringer, T. Ploser, J. Hanson, T. Weitzel, C. Glock, and N. Roloff, “Trading
Strategy for a Flexible Factory Participating in the German Balancing and Day-Ahead
Market,” 2019 54th International Universities Power Engineering Conference (UPEC),
pp. 1-6, 2019, doi: 10.1109/UPEC.2019.8893521.

[10] G. Reinhart, S. Reinhardt, and M. Gral}l, “Energieflexible Produktionssysteme.
EinfGhrungen zur Bewertung der Energieeffizienz von Produktionssystemen,” wt
Werkstattstechnik online, vol. 102, no. 9, pp. 622—-628, 2012.

[11] M. A. Grassl, Bewertung der Energieflexibilitéat von Produktionssystemen: Dissertation.
Munchen: Herbert Utz, 2015. Accessed: Jun. 17 2021.

[12] P. Schott, J. Sedimeir, N. Strobel, T. Weber, G. Fridgen, and E. Abele, “A Generic Data
Model for Describing Flexibility in Power Markets,” Energies, vol. 12, no. 10, p. 1893,
2019, doi: 10.3390/en12101893.

[13] T. Muller and D. Mést, “Demand Response Potential: Available when Needed?,” Energy
Policy, vol. 115, pp. 181-198, 2018, doi: 10.1016/j.enpol.2017.12.025.

[14] G. Papaefthymiou, E. Haesen, and T. Sach, “Power System Flexibility Tracker:
Indicators to track flexibility progress towards high-RES systems,” Renewable Energy,
vol. 127, pp. 1026-1035, 2018, doi: 10.1016/j.renene.2018.04.094.

[15] L. Bank et al., “Integrating Energy Flexibility in Production Planning and Control - An
Energy Flexibility Data Model-Based Approach,” 2021. Accessed: Sep. 21 2021.

[16] C. Kaymakci, C. Schneider, and A. Sauer, “FlexPress — An Implementation of Energy
Flexibility at Shop-Floor Level for Compressed Air Applications,” in Advances in
Automotive Production Technology — Theory and Application, Stuttgart Conference on
Automotive Production (SCAP2020), Ed.: Springer Berlin Heidelberg, 2021, pp. 135-
141. Accessed: Dec. 15 2021.

[17] M. Bohlayer, M. Fleschutz, M. Braun, and G. Zottl, “Demand Side Management and the
Participation in Consecutive Energy Markets - A Multistage Stochastic Optimization

Seite 11 von 12



17. Symposium Energieinnovation, 16.-18.02.2022, Graz/Austria

Approach,” in 2018 15th International Conference on the European Energy Market
(EEM), Lodz, Jun. 2018 - Jun. 2018, pp. 1-5. Accessed: Dec. 9 2021.

[18] N. Fatras, Z. Ma, and B. N. Jgrgensen, “Industrial consumers’ electricity market
participation options: a case study of an industrial cooling process in Denmark,” Energy
Inform, vol. 4, S2, 2021, doi: 10.1186/s42162-021-00165-5.

[19] S. @. Ottesen, A. Tomasgard, and S.-E. Fleten, “Multi market bidding strategies for
demand side flexibility aggregators in electricity markets,” Energy, vol. 149, pp. 120—
134, 2018, doi: 10.1016/j.energy.2018.01.187.

[20] Federal Ministry of Economic Affairs and Energy, The electricity price: Energy prices
and transparency for consumers. [Online]. Available: https://www.bmwi.de/Redaktion/
EN/Artikel/Energy/electricity-price-components.html (accessed: Jun. 17 2021).

[21] P. Cramton, “Electricity market design,” Oxford Review of Economic Policy, vol. 33, no.
4, pp. 589-612, 2017, doi: 10.1093/oxrep/grx041.

[22] Bundesnetzagentur fir Elektrizitat, Gas, Telekommunikation, Post und Eisenbahnen
and Bundeskartellamt, Eds., “Monitoringbericht 2020: Monitoringbericht geman § 63
Abs. 3i. V. m. 8§ 35 EnNWG und § 48 Abs. 3i. V. m. § 53 Abs. 3 GWB.,” Stand: 01. Marz
2021, Mar. 2021. Accessed: Jun. 10 2021. [Online]. Available: https://
www.bundesnetzagentur.de/SharedDocs/Mediathek/Berichte/2020/Monitoringbericht_
Energie2020.pdf;jsessionid=9BC5DF929CA2B5A2135039D31B5EAS55C?__ blob=
publicationFile&v=8

[23] EPEX SPOT, Market data: DE Auctions and Continuous Data package - Histo (up to Y-
1). [Online]. Available: https://webshop.eex-group.com/data-type/de-auctions-and-
continuous-data-package-histo-y-1 (accessed: May 17 2021).

[24] F. Zimmermann, A. Emde, R. Laribi, D. Wand, and A. Sauer, Eds., Energiespeicher in
Produktionssystemen: Herausforderungen und Chancen fir industrielle Einsatzoptionen.
ESIP-STUDIE. Stuttgart: Fraunhofer IPA, 2019.

[25] T. Pinto et al., “Adaptive Portfolio Optimization for Multiple Electricity Markets
Participation,” IEEE transactions on neural networks and learning systems, vol. 27, no.
8, pp. 17201733, 2016, doi: 10.1109/TNNLS.2015.2461491.

[26] D. Schwabeneder, C. Corinaldesi, G. Lettner, and H. Auer, “Business cases of
aggregated flexibilities in multiple electricity markets in a European market design,”
Energy Conversion and Management, vol. 230, p. 113783, 2021, doi:
10.1016/j.enconman.2020.113783.

[27] Z. Ma, H. T. A. Friis, C. G. Mostrup, and B. N. Jargensen, “Energy Flexibility Potential of
Industrial Processes in the Regulating Power Market,” in SMARTGREENS 2017, pp.
109-115. Accessed: Dec. 6 2021.

[28] L. Bolivar Jaramillo and A. Weidlich, “Optimal microgrid scheduling with peak load
reduction involving an electrolyzer and flexible loads,” Applied Energy, vol. 169, pp.
857-865, 2016, doi: 10.1016/j.apenergy.2016.02.096.

Seite 12 von 12



