


The aim of this study is to develop and apply a predictive optimisation algorithm for multiple compression chillers, 

a free cooling chiller and a sprinkler tank as a cold-water storage tank considering part-load and dynamic 

operation. The algorithm is based on the work of Peesel et al. (2017), who introduce a predictive simulation-

based optimisation to a food processing factory and save up to 23 % per year of electrical energy. 

2. Modelling method 

Figure 1 shows the general methodology of the simulation-based optimisation with energy data from an 

industrial plant. 

 

 

Figure 1: Methodology of simulation-based optimisation 

The input conditions include the ambient temperature, the residual load and the electricity price for a production 

site. The energy monitoring system collects the operating data of the cold utility system for all occurring 

conditions. For the modelling of the utility manufacturer and performance data are combined and continuously 

adapted to form part-load performance curve models. For the compression chillers, the models are based on 

the EER, the condensing and evaporating temperature. The ambient temperature, the cold-water supply and 

return temperature and the EER are the main parameters for the free cooling chiller. Former studies show that 

even two structurally identical compression chillers perform differently in the same location (Brenner et al., 

2014). This results in a need for empirical models for each utility system. In operating areas with a significant 

quantity of energy data, empirical models describe the system performance in the best way. Whereas, in areas 

of extrapolating semi-empirical models are more accurate. The linking of physical and empirical modelling 

ensures an acceptable accuracy in both fields of interpolating and extrapolating. Therefore, the compression 

and free cooling chiller models are based on the simpler multivariate polynomial regression model (SMP model).  

2.1 Mathematical model 

The optimisation is formulated as a mixed-integer linear programming (MILP). Since the control parameters of 

the chillers are discrete, the solutions must be integers. The goal of the optimisation is the optimal distribution 

of the cold-water demand to multiple chilling systems by having the lowest energy costs. In addition, the 

optimisation problem is solved for the sum of cold-water demands of N timesteps in the future. The sprinkler 

tank offers the opportunity to store cold water for later utilisation. This potential is used to show the load shifting 

potential of the cooling system by using a variable electricity price as an input parameter of the optimisation. 

The following equations describe the minimisation problem. 
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The mean ambient temperature in May in Spain is lower than in Germany. Additionally, the ambient 

temperatures are more often below 12 °C and this results in longer running hours of the free cooling chiller. 

To benefit from purchasing electricity for a variable price it is reasonable to shift loads. The sprinkler tank enables 

the cold utility system to store cold-water in times of no or little demand. This allows the optimisation algorithm 

to start chillers in times of low electricity prices and stop the machines in times of high prices. This increases 

the optimisation options. The following figures show the quantity of cold water at 14 °C and 17° C in the tank for 

the same period as the previous figures. Additionally, the variable electricity price is shown. 

 

 

Figure 4: Charge level of sprinkler tank in the colder period 

 

Figure 5: Charge level of sprinkler tank in the warmer period 

The cold-water storage is more charged and discharged in the warmer period and in the location with higher 

ambient temperatures. The predictive optimisation algorithm cools down the storage tank in times of low ambient 

temperatures and low electricity costs. When the ambient temperature increases and the price rises, the 

moulding cooling circuit is supplied by the cold-water storage tank. This ensures that all components of the utility 

system operate when their efficiency is high. However, Figure 4 and  5 show that the variable electricity price 

has only a minor or no influence on the charging and discharging strategy of the system. A reduction of the 

electricity price between 1-30 % only reduces the total costs by this reduction. Increasing the running hours of 

the free cooling chiller or operating the compression chillers in better part-load ratios can reduce the total energy 

costs by 40 – 60 %. Buying electricity at a variable price has only minor benefits for the plastic processing 

company.  

5. Conclusions 

At times with a high share of renewable energy in the grid, the price is low and vice versa. This resulted in 

optimised operating conditions for the chillers in terms of load shifting and costs. The predictive simulation-

based optimisation of a cooling system of a plastic processing company saves between 17 % in a warmer and 

40 % in a colder period in Germany. For a location in Spain, the energy savings are between -11 % for a warmer 

and 11 % in a colder period in comparison to the optimisation in Germany. Including dynamic modelling in the 

optimisation ensured a more accurate result of the energy savings potential due to starting and switching times 

of the machines as well as heat transfer mechanisms of the storage tank. The optimisation strategy can be 

easily adapted to industrial cold utility systems by adapting the control system. The rules of control are defined 

by the different states of the cooling demand and the ambient temperature. The optimisation method can run 
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offline and the results can be fed into a control loop. In addition, the integration of a variable electricity price and 

a large cold-water storage tank reduced the energy costs for the utility system, supporting the electrical grid by 

load shifting. For the analysed plastic processing company, the differences in the price for electricity are too low 

to have a significant influence on the cooling utility system. If the company should support the electrical grid and 

have an own benefit, the price differences need to be higher or extra incentives are necessary. A dynamization 

of the tax on electricity are a chance to increase the differences in the variable prices and make demand side 

management more attractive for medium sized companies. 

Acknowledgments 

The authors gratefully acknowledge the financial support of the Rud. Otto-Meyer-Umwelt-Stiftung and the 

support of the EU project “Sustainable Process Integration Laboratory – SPIL”, project No. CZ.02.1.01/0.0/0.0/ 

15_003/0000456 funded by EU “CZ Operational Programme Research and Development, Education”, Priority 

1: Strengthening capacity for quality research. 

Nomenclature 

NCC Number of chilling machines 

NT timesteps 

NST Number of states of chilling machine 

Qpred Total cooling demand for all timesteps 

Qplus Cooling capacity of sprinkler tank 

Qminus Current cooling power of sprinkler tank 

SC Starting Costs 

TRes Simulation time 

Xtnst State of chilling machine 

Ztn On/Off Variable 
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