Optimized waste heat utilization in the steel industry with industrial heat pumps and low-temperature distribution network
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Motivation and research question
Increasing demands on energy efficiency and flexibility increasingly require companies in the energy-intensive industry to deal with the implementation of efficiency- and flexibility-increasing measures. 
For one site of the steel processing industry, a first rough analysis showed that there is unused potential to substitute steam, which is currently primarily used for preheating dryer and combustion air and water for cleaning processes, either by direct heat recovery from flue gas and other waste heat sources or by using industrial heat pumps. In this paper, a techno-economic optimization of the heat recovery system is carried out under different price scenarios for CO2 costs and heat pump costs.

[bookmark: _GoBack]Methodology
In a first step, heating requirements and surplus heat potentials were determined for the industrial site under consideration. Based on this analysis, potentials for heat recovery by means of direct heat transfer in heat exchangers as well as for the integration of industrial heat pumps were determined using composite curves (cumulated heat demands and surplus heat potentials). This showed that in one of the facilities, even after heat integration, there is a surplus of waste heat that could be used in the other facilities by means of a new heat distribution system. 
Possible heat distribution systems at different temperature levels and with different heat transfer media (steam, pressurized and hot water, thermal oil) were analyzed and economic parameters were determined for a techno-economic analysis. Likewise, suitable heat exchangers were determined for the individual possible combinations of media for waste heat flows and heat sinks, and corresponding cost functions were elaborated.
For the techno-economic consideration, a new optimization model was developed that simultaneously takes into account heat recovery in the individual operating facilities (direct heat recovery by means of heat exchangers and integration of industrial heat pumps) as well as the integration of heat distribution systems.
Possible future developments of energy costs and costs for industrial heat pumps were analyzed by means of parameter variations. The possible future cost structures were worked out on the basis of already published scenarios.

Results and conclusions
The first analyses carried out show in a rough analysis that 20-80% of the steam output can be substituted by means of direct heat recovery in the individual operating facilities at the site. By integrating industrial heat pumps, the heat recovery can be increased to 30-100%, depending on the individual facilities. If a possible inter-plant heat distribution is taken into account, this potential increases to 100% substitution of steam. Using mathematical optimization, possibilities for heat recovery to increase efficiency and flexibility are shown for a real use case in the steel processing industry. A systematic approach to process analysis is shown in preparation for the use of optimization applications, with the help of which an economic analysis of selected efficiency measures is carried out. The achievable savings potentials are quantified both energetically and economically.
Results with the new model for the optimization of the intra-plant heat recovery system are integration points for industrial heat pumps, heat exchangers and the new heat distribution network, performances, COPs and temperature lifts of the industrial heat pumps, and payback times for the individual components, as well as a first design of a new heat distribution system.
