Subtask 1: In-depth evaluation and inventory of excess heat levels 
1. Introduction
This paragraph describes experiences of excess heat levels evaluation into two different projects. 
The first one is a European project funded under the FP7 scheme and titled “REEMAIN- Resource and Energy Efficiency in Manufacturing Industry”. Within this project, an overall methodology for assessing energy and resource efficiency levels and improvement opportunities in different manufacturing sectors was developed and tested in three different demo cases (from the textile, food and foundry sectors). During the project it was also possible to follow the demo cases in the implementation and then control and verification of the implemented improvement opportunities, helping them evaluating deriving benefits. Excess heat recovery projects were therefore evaluated and implemented in all three demos, and they proved to be among the most profitable ones.
The second one is an internal EURAC project that was originated from some considerations related to one of the demo cases in REEMAIN. In fact, the project main aim was to study more in deep the general feasibility of the use of high temperature heat pumps (HTHPs) for the heat recovery from cooling towers. This is in fact a very common asset in all manufacturing companies and having a measure of when, how and in which (external and internal) conditions it might be profitable for a company to recover excess heat could be of help in many different cases and sectors. The case considered was the reuse of such heat for district heating purposes, but results are not limited to that.

2. Aims and objectives
The main aim of all the activities described in the following paragraphs was to assess, evaluate and implement excess heat recovery opportunities in manufacturing companies.
In the REEMAIN project three demo cases were considered and analyzed in order to identify and implement energy and resource efficiency (among which excess heat recovery) opportunities. The three demo cases were then used to generalize and deduct best practices for the three sectors.
In the internal project related to the feasibility analysis of excess heat recovery solution using HTHP in foundry industry the main aim was instead to start from a real case study to then generalize conclusion related to implementation profitability of such projects in different contexts.

3. Participants
EURAC Research
4. Budget
For activities carried out within REEMAIN project (paragraphs 5.1 and 6.1) the financing source is FP7 (Grant Agreement no. 608977). The total budget granted for the project is 6.098.037 Euros. The budget granted to EURAC for the whole project is 308.600 Euros. 
For activities related to the feasibility analysis of the installation of a HTHP for excess heat recovery from the cooling towers of a foundry (paragraphs 5.2 and 6.2) the financing source is internal to EURAC Research. Thus, no budget is defined for these activities.
5. Methodology 
5.1 The REEMAIN approach
The REEMAIN project, a four years project closed in Autumn 2017, combined cutting edge knowledge and experience from production processes, professional energy simulation, energy and resource planning, and renewable energy and storage to develop and demonstrate a methodology and platform for boosting efficiency resources in manufacturing companies.
Based on partners´ knowledge related to main energy consumers in manufacturing, REEMAIN offered three solutions for resource efficiency: (i) innovation in technologies for better use of renewables; (ii) predictive simulation models for production; (iii) factory energy and resource planning tools.
REEMAIN demonstration activities took place in three different strategic EU factories: Bossa textiles (Turkey), Gullon biscuits (Spain) and SCM foundry (Italy). Through collaboration with these factories, REEMAIN has demonstrated its results in industrial sectors accounting for more than 50% of industrial CO2 emissions and more than 20% industrial electricity consumption in Europe. These industries represent a balance between carbon-embodied production and energy intensive sectors. Within this framework, REEMAIN then moves towards zero carbon manufacturing and Energy Efficiency 2.0 through the intelligent employment of renewable energy technologies and resource saving strategies that consider energy purchase, generation, conversion, distribution, utilization, control, storage, re-use in a holistic and integrated way.
The three demo factories have undergone an overall assessment and a detailed analysis of processes, production lines, energetic characterization of machinery, production scheduling, energy flows and consumptions as well as auxiliaries services have been carried out.
This work led to the detailed description of the pilot sites and to the creation of 3D models of the three factories using the existing THERM tool from IES, which has been the basis for the REEMAIN tool [1]. Furthermore, in the first phase a list of potential efficiency measures (both on electric and thermal side) to be applied to the demo factories has been identified as a starting point for the final selection of the technical solution to be implemented during the following demonstration phase. 
The methodology applied in REEMAIN for the identification of resource efficiency opportunities (including excess heat recovery opportunities) started with a first overall screening of the potential efficiency measures for the factories in order to prioritize those measures that have the higher chance to be implemented in each site. This preliminary screening was done according to different criteria and with a different weight by each factory, including mainly cost, ease of implementation (in the framework of existing processes) and final benefits in terms of savings and efficiency. The result of this screening phase was a shorter list of measures that were analyzed into a deeper detail for each demo factory. Some of the efficiency measures were simulated using the THERM tool and the existing IES <VE> software in order to quantify the potential impact and savings and to provide quantitative information to the traditional analysis [1]. Furthermore, the need of additional metering spots which could improve the quality of the analysis in the future was highlighted. Finally, a characterization and detailed assessment of each specific efficiency measure has been made from both a technical and economic point of view.  For each measure, the level of innovation, replicability (extrapolation) and impact has been also assessed, together with the likelihood of final implementation in the demo factory. Only a few of the listed efficiency measure have been finally implemented due mainly to budget constraints within the project.
In such context, EURAC focused mainly on identifying and evaluating energy efficiency opportunities for the SCM foundry. The large amount of heat and the high temperatures available in flue gases offer different opportunities for the exploitation of the recovered heat [1]. 

A useful method to obtain an estimate of the global heat recovery potential of a factory is the so-called pinch analysis. This approach takes into account the various heat streams present in the different processes, evaluating their source/sink potential. All “hot” streams, i.e., flows which need to be cooled and therefore can be exploited as heat sources, are composed together, to assess the “donor” potential at the factory. Similarly, “cold” streams, i.e., flows which need to be heated and can serve as heat sinks, are summed and provide “recipient” systems. This aggregated analysis yields an estimate of the maximum theoretical heat recovery potential. In practice, in order to allow for a heat transfer, a finite temperature difference must be kept between sources and sinks. The choice of the minimum allowed temperature difference is crucial to design the corresponding exchanger network and it is typically given by a compromise between energy recovery and costs (a lower temperature difference allows recovering a larger amount of heat, but it also lowers heat exchange efficiency, thereby increasing the needed exchanger area and costs). This minimum temperature difference typically identifies a pinch point in the composite hot and cold streams, which gives the name to the method. Strictly speaking, pinch analysis refers to the analysis of existing processes with the purpose of improving energy efficiency. In the present case, however, it seems more convenient to include in this type of analysis also applications outside of the processes presently existing at the factory. Indeed, it is quickly verified that the amount of heat available in flue gases is significantly larger than the internal process-heat demand at the considered temperatures. Hence, only a few dominant solutions (in terms of impact) have been considered, including options presently not existent and without analyzing in detail all the minor thermal processes used at the factory (radiant tubes, etc.). 
The list of considered applications for excess heat recovery in SCM is the following:
1. Electricity generation 
a. Steam turbine for electricity generation
b. Organic Rankine Cycle (ORC) for electricity generation
2. Process heat: heating to core drying oven
3. Heating and cooling
a. External district heating (already existent in Rimini, but presently not connected with SCM)
b. Internal district heating (presently not fully connected)
c. Internal district cooling supplied by an absorption chiller (presently satisfied by compression chillers)
The ORC for electricity generation and the external district heating were the most attractive solutions in terms of innovation and impact and the technology considered for recovering the flue gas heat was the heat pipe heat exchanger (HPHE).
In order to evaluate the HPHE efficiency and hence the global heat transfer coefficient, the Bin Method Analysis (BMA) has been carried out. The BMA consists in subdividing relevant control variables into intervals (bins), within which the obtained data can be averaged and analyzed in an aggregated way. This is particularly useful where the presence of external effects/disturbances introduces a significant scattering of the data, yielding large statistical dispersion for the same nominal conditions [2]. The global heat transfer coefficient average values have been calculated corresponding to time after cleaning bins, in order to highlight the fouling effect of the dust in the flue gases [3].
The SCM foundry flue gas heat recovery implementation process has been split into 3 phases considering the operating constraints of the system:
1. Preliminary Analysis 
2. Design, installation and testing with a pilot unit 
3. Design of the final heat-exchanger(s) 

Through preliminary analysis, the existing system has been studied in order to get the actual amount of excess energy and the critical technological aspects. Hence, the flue gas temperatures, flow rates, production scheduling, etc. have been collected and analyzed. Considering that exhaust gases from the furnace are dirty and corrosive, and contain particles that are abrasive or will build up and coat the surfaces of an exhaust gas system, a HPHE pilot unit has been designed, installed and monitored to evaluate the performance and the fouling effect [1, 3]. Besides the pilot HPHE testing, a preliminary technical – economic feasibility study on the exploitation of the SCM flue gas excess heat in the already existing external district heating (DH) has been carried out. The main hypothesis was that the transferred heat would be paid by the local utility service company, which would also be in charge of the piping from the foundry to the DH power station. SCM would be in charge of the HPHE and of the connections to the DH piping. The preliminary design aimed to find a reasonable balance between energy recovery and investment costs, identifying the most convenient power size for the system. Firstly, different exploitation scenarios have been defined, in particular considering the use of thermal storage of different sizes (no storage, daily storage, and weekly storage). Then, the layout of the system has been defined together with the functional requirements. Hence, considering a preliminary sizing of the components of the system, the energy calculation for the different scenarios has been carried out. Starting from the available heat at SCM, the actual energy transferred to SGR (the local district heating company), the electric energy consumptions and the resulting savings (less cooling consumptions for SCM, less fuel consumption for SGR) have been calculated. Finally, a simple economic calculation has been deployed in order to get the feasibility of the investment for both SCM and SGR. 
As for the implementation of the identified efficiency measures in the other demos, there have been only the preliminary analysis phase and the phase of design, installation and monitoring of the definitive system. EURAC contributed also in analyzing monitoring data of the other two demo factories in order to evaluate the efficiency and the energy savings deriving from the new installed systems. 
Concerning Gullón biscuits factory, the pre-cooling of return circuit in chiller cold generation system has been considered. The efficiency measure consists in the introduction of a dry cooler in the water circuit of the already existing cold water generation system, based on two electric chillers. Qualitative and quantitative analysis have been carried out in order to detect data uncertainties and clarify sensors positioning. Furthermore, the BMA has been applied for the performance analysis of the dry cooler in terms of rejected thermal power against the temperature difference between the water to be cooled and the outside air [2].
As for the Bossa textile factory, the heat recovery system for the washing machine in the final finishing department has been considered. A plate heat exchanger was installed on the excess washing water circuit in order to pre-heat the clean washing water. Also in this case, besides data quality evaluations, the BMA has been carried out in order to evaluate the global heat transfer coefficient against separately the clean water flow and the excess water flow [2]. 
5.2 Methodology used to assess the feasibility of HTHP application for a foundry [4]
Aiming at analysing the opportunities to exploit a foundry´s excess heat in the local DH, another case study has been considered. The specific case study has been taken just as a reference and then general considerations regarding the feasibility of such a measure in different (internal and external) conditions have been drawn.
The cupola furnace cooling water temperature levels are suitable for using high temperature heat pumps (HTHP) and obtain the right temperature for the water to be delivered to the DH. Hence, HTHPs are considered in order to totally or partially replace the foundry cooling towers and feed the DH network at 90 °C. The feasibility study of this solution is carried out and the profitability of the investment in terms of Net Present Value and pay-back is calculated for different scenarios in order to identify and analyse main implementation barriers.
The phases of the used methodology to assess the feasibility of the system are summarized in Fig. 1. 
Basing on available data and some initial assumptions, energy and economic calculations have been performed. Main parameters influencing feasibility results have been identified. Assigning different values to the parameters, four different scenarios are derived, ranging from a “best” scenario to the “worst” one. The analysis of feasibility results obtained in each scenario led to a first identification of main implementation barriers and of their impact.
[image: ][bookmark: _Ref514252752]Fig. 1 - Phases of the methodology used to assess HTHP for SCM foundry heat recovery


6. Results
6.1 Results from REEMAIN
Within the REEMAIN project, almost all the installed efficiency measures led to successful results such as relevant energy savings and advantageous economic figures.
Concerning SCM foundry, the HPHE pilot unit performance analysis showed a quite fast heat transfer coefficient decreasing so that a more detailed evaluation is required in order to design a proper cleaning system. Nevertheless, it was decided not to carry out a full installation after testing the pilot. In spite of the non-trivial technical challenges related to this solution, the motivations to this stop were mainly due to economic and business-strategic reasons. Indeed, the preliminary design of the flue gas heat recovery using the HPHE for the local DH and the feasibility study showed unfavorable economic figures due mainly to the large distance between the foundry and the local DH. Furthermore, the strategic plans of SCM, which is considering a refurbishment of the furnace in the next few years, did not favour the choice of long-term investments [3].
6.2 Results from the feasibility analysis of the use of HTHP application for a foundry [4]
As for the HTHP case study, main parameters influencing feasibility results are: the distance between the heat collection point in the foundry and the DH power station, the specific cost of HTHPs (€/kW), the energy matching between the DH energy demand and the industrial heat availability, the number of furnace operating hours, the primary energy cost and the value of the energy efficiency incentives (white certificates). Resulting economic figures (Fig. 2) allow highlighting the most impacting barriers to the adoption of a HTHP for recovering foundry´s low-grade excess heat in the local DH network. 
The main technical barriers are the energy demand and availability matching and the distance of the heat delivery point. The first directly affects the actual amount of delivered thermal energy and hence the amount of primary energy savings of the DH power station. The latter influences the savings as well and the piping investment costs which are the second most relevant costs after the HTHPs ones. The possibility of using part of the energy available internally or within the industrial cluster in order to increase the total amount of energy recovered should be preliminary evaluated. Concerning economic barriers, the most profitable option of participation in the investment should be taken into account whereas the influence of existing heat generation systems (e.g. CHP) operation on the yearly savings amount should be considered in the revenues evaluation. Limits of the presented analyses have  also been discussed [4]. 

[image: ][bookmark: _Ref514254412]Fig. 2 - Payback time of the investment in case of partial heat recovery from the cooling water


7. Conclusions
In the REEMAIN project it was possible to identify excess heat flows and related reuse opportunities (both internal and external to the factory) for three different case studies from three different sectors. The methodology and results obtained in the specific cases have been here briefly described and can be found detailed in the project´s deliverables. In any case, excess heat recovery solutions were successfully implemented in the three demos and they demonstrated a high saving potential.
In the feasibility analysis of the use of HTHPs for excess heat recovery from cooling towers in a foundry, it was possible to identify main factors influencing the technical and economic profitability of this kind of projects and to give a first evaluation of their impact. In particular, the identification of the right partner, especially for external reuse of excess heat, in terms of time overlap of heat production and demand, as well as a good and agreed regulating contract were among the most critical variables.
8. Further work
As REEMAIN is a closed project, further work in this field is mainly related to the analysis of feasibility of the use of HTHPs for excess heat recovery from cooling towers. The methodology for the definition of different scenarios will be further improved and additional variables will be taken into account for better definition. In addition, the application of HTHPs to low-grade heat sources (as cooling towers) will further be investigated in different industrial contexts. This will be aimed at deriving general guidelines to understand in which context this kind of application would be feasible and at which conditions, as well as defining related best practices.
9. References (to project deliverables or publications)
[1] REEMAIN public deliverable D5.1, 2014, “Assessment report on resource and energy efficiency measures at factory demo sites”.
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· REEMAIN public deliverable D5.9, 2017, “Demonstrator I monitoring phase results – final”.
· REEMAIN public deliverable D5.13, 2017, “Demonstrator III monitoring phase results – final”.
· REEMAIN public deliverable D5.15, 2017, “Plan of large scale extrapolation of resource and energy efficient measures in manufacturing reference scenarios”.
· Battisti, L., Cozzini, M., Macii, D., 2016, “Industrial waste heat recovery strategies in urban contexts: a performance comparison”, Smart Cities Conference (ISC2), 2016 IEEE International, DOI: 10.1109/ISC2.2016.7580785.
Subtask 2: Methodology on how to perform an inventory in practice	Comment by Benedetti Miriam: This chapter has missing paragraph as it describes an ongoing work, that should be concluded by next Autumn. More details will be provided later on. For now this is just a general idea of what will be done.

1. Introduction
STARDUST serves as smart connector bringing together advanced European cities and citizens of Pamplona (ES), Tampere (FI) and Trento (IT) - with the associated follower cities of Derry (UK), Kozani (GR) and Litomerice (CZ). The objective of STARDUST project is to pave the way towards the transformation of the carbon supplied cities into Smart, high efficient, intelligent and citizen oriented cities, developing urban technical green solutions and innovative business models, integrating the domains of buildings, mobility and efficient energy through ICT, testing and validating these solutions, enabling their fast roll out in the market . The core idea of the STARDUST project is the demonstration of different “innovation islands” as urban incubators of technological, social, regulatory and market solutions which, once validated, could contribute to this objective of transformation of our cities towards Smart Cities. The integrated approach of STARDUST is based in the combination of technological solutions with human being reflected in joint decision making, economic constraints, citizen’s governance, etc. The STARDUST Smart City concept has been designed to enhance the integration of all these aspects to define a new Urban Metabolism.
2. Aims and objectives
In the framework of STARDUST project, EURAC will conduct a study for the creation of a Low Temperature District Heating network in Trento (IT) integrated with a Neighborhood Energy Management System. Such system will allow to combine geothermal energy (using Ground Source Heat Pumps) and industrial and commercial excess heat in order to supply the neighborhood under study. A specific mapping of heat sources and sinks of the area will be conducted by the means of surveys supported by statistic data analysis and literature review. Finally, potential matchings will be evaluated from a technical and economical point of view.
3. Participants
EURAC Research
4. Budget

The financing source is H2020 (Grant Agreement no. 774094). The total budget granted for the STARDUST project is 17.939.998,85 Euros. The budget granted to EURAC for the whole project is 768.500 Euros.
5. Methodology 
One of the STARDUST project aims is renovating three of the 14 towers composing the social housing complex of Madonna Bianca in Trento (Italy). Among the renovation activities, there is the creation of a low temperature smart DH system replacing gas heating with ground source heat pumps. Furthermore, the local companies having available excess heat will be connected to the smart grid in order to recover the heat and restore the ground source. 
The preliminary study of the smart DH includes the quantification of the available excess heat so that the following activities are required:
1. Scouting of companies. Considering an area around the three towers defined by physical limits (railway lines, highway, the river, the slope of the mountain, etc.) and starting from a 2 km distance from the towers, the companies lying in this area are listed. The companies are detected through the online database of the national Chamber of Commerce and a web mapping locator service. 
2. Grouping companies by categories. The detected companies are grouped by:
a. distance (0.5 km ranges up to 2 km), 
b. size (small, medium and big) in terms of employers and turnover, 
c. sector (Supermarket, Restaurant, Swimming pool, Wine cooperative, Food industry, etc.)
3. Typical process overview. For each sector, the carried out processes/activities can be detected in order to get information like the present type of machinery, the temperature levels during processes, etc. This kind of information is generally available in the European Commission BAT reference documents or in different database.
4. Identification of the most important energy vectors: electricity, natural gas, etc.
5. Identification of the most important energy users: refrigeration, compressed air, hot water, pumping, electric motors, etc.
6. Identification of most suitable final users for heat recovery. The final users (a process or part of it) are defined as ‘suitable for heat recovery’ when the excess energy is available at well-defined temperatures during a well-defined period of utilization. 
7. Meeting companies. Once all the previous information is collected for each sector, a sector-specific checklist can be prepared and the detected companies can be contacted (starting from the ones closest to the towers or the most profitable in terms of heat recovery) in order to fix a face-to-face meeting. Indeed, a site inspection would allow to rapidly collect information. Alternatively, a short questionnaire can be prepared and sent to the Energy Manager or to whom is in charge of the company utilities 

6. Results 
The information directly collected from the interviewed companies are elaborated in order to get the available heat in the considered urban district of Trento. 
If no information is available from companies, an indirect calculation can be done making hypothesis on the carried out processes or on the present type of auxiliaries. Alternatively, an estimation can be based on the results of previous studies on mapping local heating supply. The provided conversion coefficients allow to get the available excess heat of a geographical area from CO2 production of the local industrial activities.
7. Conclusions
8. Further work
9. Special experiences to convey
10. References (to project deliverables or publications)
· STARDUST public deliverable D4.1, 2018 “Trento Pilot Detailed Plan”.	Comment by Benedetti Miriam: This will be made public by beginning of October 2018.
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