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Abstract

A continuing increase in energy supply from variable renewable energy (VRE) sources requires new strategies to match energy supply and

demand. Demand response (DR) strategies focus on flexibilizing energy demand. In this context, manufacturing systems can be designed and

controlled to achieve a better fit between energy demand and volatile supply. To maximize energy flexibility, not only manufacturing processes but

also auxiliary systems such as compressed air (CA) supply offer opportunities for DR actions. Nonetheless, dynamic behavior and dependencies

between manufacturing processes, auxiliary services and resulting overall energy demand requires an integrated approach. This paper presents

a method to control production systems and CA supply to increase energy flexibility while maintaining manufacturing system throughput and

considering dynamic system dependencies. A production system with several processes, buffers and CA supply system is modeled and simulated

in a mixed continuous-time and discrete-event environment. Energy control strategies are implemented and their effectiveness is evaluated. A case

study is used to demonstrate that VRE integration can be improved through process and CA supply control without compromising throughput. A

focus is set on CA supply and its influence on energy flexibility: the effect of increased CA system volume and additional compressor capacity is

investigated.
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1. Introduction

In 2010, industry was the largest contributor of direct and in-

direct annual greenhouse gas emissions of all sectors. Industrial

emissions summed up to 28.6% of the global 49.5 GtCO2eq/yr

emissions, of which 18% were direct emissions and 10.6% in-

direct emissions through electricity and heat production [1]. As

a result, reducing emissions from industry plays a vital role for

mitigating climate change. Aside from enacting measures ad-

dressing energy intensity and efficiency of industry, low carbon

energy and electricity supply such as renewable energy (RE,

e.g. biomass, solar/wind energy) are regarded as central strate-

gies for reducing overall carbon emissions and increasing en-

ergy independence [2]. Some of these RE sources are so called

variable renewable energy (VRE) sources (e.g. wind). VRE

sources are characterized by temporarily changing availability,

non-dispatchability and largely decentralized generation capac-

ities (both RE and VRE) [2].

A special challenge emerges when VRE sources start to sup-

ply a substantial share of electricity within a power system (e.g.

in Denmark or Germany) or if locally generated VRE ought to

be directly consumed (decentralized generation) to avoid trans-

portation requirements. As VRE output can change signifi-

cantly and electricity demand can be relatively inelastic, solu-

tions have to be found to overcome local and temporal demand-

supply mismatches. In the context of high VRE penetration,

two general strategies are (1) storing electricity for later demand

or (2) reshaping demand to better match supply, also known

as demand response (DR) [3]. Storing electricity for later use

generally reduces efficiency due to conversion inefficiencies or

might simply be unavailable (i.e. pumped hydropower requires

suitable geological characteristics). Reshaping demand can be

a viable strategy as inefficiencies might be lower. Further, a

flexible demand enables additional strategies such as pricing

arbitrage (shifting electricity demand from high prices to times

with low prices), control and reduction of peak demand or par-

ticipation in reserve capacity markets. In the context of unstable

or unavailable grid supply, energy flexibility can contribute to

an energy-autarkic production. However, restrictions need to be

considered (i.e. fulfilling production targets, area illumination if
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