
Industrial excess heat: Development and application of new methods for identifying and visualizing availability of industrial excess heat
[bookmark: _GoBack]WP1 report: Questionnaires as a method to assess excess heat potential






Igor Cruz (igor.cruz@liu.se)
Magnus Karlsson (magnus.karlsson@liu.se)
Division of Energy Systems 
IEI, Linköping University
[image: C:\Users\petbe15\Documents\Epress\Dokument\Logo\LiU_primar_svart.png]

1

3
Questionnaires as a method to assess excess heat potentials
This section analyses when and the reasons why questionnaires are used in studies to evaluate industrial excess heat potentials. Furthermore, a discussion of the following characteristics of these studies is considered:
· The validity of the results in terms of precision regarding quantities and level of detail of excess heat temperatures;
· When these methods are a good option to estimate excess heat potentials.
Questionnaires and excess heat studies
A questionnaire is a complex procedure for obtaining data for research. For this reason, the questionnaire design must be carried out carefully in order to achieve the intended goals. Thus, the questions of credibility (internal validity), transferability (generalisation), dependability (reliability) and confirmability (objectivity) have to be pondered in the design phase. Additionally, extra steps must be taken in regards to the interpretation of the results, the transparency of the study and the understanding of the results. Questionnaires are usually adopted when there is a descriptive or explanatory study aim (Saris and Gallhofer, 2014). Depending on the specific aim, the choice of variables to study is done accordingly. 
There are two dimensions to be considered in questionnaires: structure and standardisation. The level of structure in a questionnaire defines the openness to discussion in the answers provided. For example, when aiming for qualitative data, less structure is required, and the questionnaire is somewhat similar to an interview in scope. The standardisation of a questionnaire structure leads to less variation in response variation, ending up with qualitative data. 
 The operationalisation is also an important part. It concerns translating the concepts of the study into answerable questions. It is important to be clear and define the questions in a way that is unambiguous to the subjects of the study (Saris and Gallhofer, 2014). As the subject of study cannot reach the researcher directly to overcome uncertainties, only a few open-ended questions should be present (Tobergte and Curtis, 2013).
Questionnaires allow the distribution of the questions of interest to a large number of research subjects rather easily, reaching a much larger sample, which would normally not be reached through interview. Interviews and structured interviews are somewhat similar, but the questionnaire lacks the personal contact between researcher and respondent (Broberg Viklund, 2015). Finally, questionnaires should avoid being too long, as an incentive for respondents to attentively finish responding it (Tobergte and Curtis, 2013).
The main advantages of questionnaires are the possibility to reach a large population at a low cost, it is not time consuming, a large geographical area can be reached, the respondents can choose the most appropriate moment to fill it in, data is easy to collect, and sensitive questions can be answered. Interviewer bias is avoided, as there is no direct contact. On the other hand, questions might not thoroughly cover interesting topics that would be interesting from a research perspective because they are leading in some way. The number of questions is limited by the size, it is impossible to ask follow-up questions, language might be inappropriate and the identity of the respondent is not easily verifiable. The issue of sensitivity can be a problem, because even if there is no interaction between the researcher and the respondent, the latter might tend to give incorrect or inaccurate data to avoid the situation. One way to overcome the problem with the impossibility of asking follow-up questions is to carry out validation interviews with a sample of the respondents, after the results from the questionnaire is analysed. This way, both validation and overlooked topics can be covered by the researcher.
A structure for a questionnaire generally includes these basic features (Saris and Gallhofer, 2014; Tobergte and Curtis, 2013):
· Structured according to the theory and research questions of the study
· Standardised and structured
· Guide the respondent with e.g. tables and sections
· Questions looking for basic information about the respondent
· Questions looking for specific opinions on a topic
· Easy to follow questions
· Non-compact design, for better readability
· No controversial questions in the beginning
· Ask one question at a time
· Use a Likert scale for qualitative questions (disagree, strongly disagree, etc.)
· Typically avoid open questions
Examples of applications of questionnaires
Questionnaires have been used in research on industrial excess heat in a few studies. Because of the advantages of using questionnaires, they are a suitable method for bottom-up studies that aim to aggregate data for whole regions or sectors. Because of the lack of a common definition of industrial excess heat, large variations of industrial sectors among regions and countries, and different scopes of the studies, it is generally difficult to directly compare the results of such studies and to assess the precision of the results.
The Norwegian publicly-funded company Enova SF carried out a study on the potential for industrial excess heat for the whole country (Sollesnes and Helgerud, 2009). Enova was created in 2001 with the aim to provide information to stakeholders in the industrial sector and the government and to support sustainable energy production and use. The food, wood, chemical, cement and construction, basic metals and iron industry, and other large energy users such as refineries and waste incineration plants were surveyed, in a total of 76 sites. The study covered 69 % of final energy use of the Norwegian industry. The potential for excess heat was estimated at 19.4 TWh/year for heat over 25 °C, which is equivalent to 11.3 % of the energy demand in the surveyed companies. A large share of the heat available, 47%, was found to be below 60 °C. The report, however, does not state how these sites were surveyed.
It is possible to find in the literature a few examples of online excess heat platforms. These tools aim at connecting excess heat sources with possible companies that would work as heat sinks. Interested parties fill-out questionnaires on a web-platform, and information is visualised geographically (Brueckner et al., 2014). Examples can be found for Germany, in Thüringia (“Thüringer Energie- und GreenTech-Agentur (ThEGA) | Thüringer Energie- und GreenTech-Agentur (ThEGA),” n.d.), Bavaria (“Energie-Atlas Bayern (Kartenteil),” n.d.), and Saxony (“Abwärmenutzung,” n.d.). In the Netherlands, a heat atlas was also developed (“Heat atlas,” n.d.). In these initiatives, companies voluntarily declare their heat availability and demand, but no aggregated data is published, so no comparison is made possible. In these platforms, some of the data provided by the respondents is publically available, but some is reserved within the platform only for the respondents or the researchers, in order to protect sensitive data. The data made available online mostly consists of rough estimations of excess heat availability, without specifying temperatures and carrier phases.  Usually, respondents are informed in the questionnaire introduction about privacy aspects, including what data will be shared publicly or with other parties, and it is normally possible to request that specific data be not shared publicly.
In Sweden, questionnaires were used to estimate the excess heat potential of regions, covering the counties of Östergötland and Örebro (Broberg et al., 2012) and Gävleborg (Broberg Viklund and Johansson, 2014). For the first study, questionnaires were distributed electronically, by e-mail, to the 85 largest companies in the respective counties of Östergötland and Örebro, which were considered to be representative of the Swedish situation in terms of Gross Regional Product and the national industrial production. 49 % of the companies responded the questionnaire, with only 33 % completing the entire study. 60% of the companies reported having excess heat available. These potentials were reported for water, flue gases, air, steam and by-products, but due to incomplete data, only the first three streams were considered in the study. Most of the potential was found as water stream in the range of 25 to 55 °C. The total excess heat potential for these two counties was estimated at 1480 GWh/year, which corresponds to 14% of the total energy input for the companies that responded. If the results are extrapolated to the whole country, an unused primary heat potential of 2 TWh/year and a total unused potential, including secondary heat, of 21 TWh/year is achieved. Secondary heat is heat that would need to be upgraded before being utilised.
In the study for the Gävleborg county, the focus was also on energy-intensive industries. The web-based questionnaire targeted 58 companies, of which 33 % responded. The companies represented 62% of the energy use in the industrial sector of the county. The study looked to quantify excess heat quantities and temperature levels, and the potential to use it internally and externally. 74 % of the industries reported having excess heat, of which 50 % reported specific values. For this study, most of the potentials was also found in water streams, at temperatures below 65 °C. The total excess heat potential reported was 0.8 TWh/year, that is equal to 8.4 % of the energy use of the respondents.
Both studies discuss the reliability of the data provided, which was given by the energy managers at the respective companies. The respondents might have aggregated data for several streams when reporting, including stream of different temperature levels, which would result in less detailed figures. Part of the companies reported the streams directly and the authors of the studies performed calculations for each case, while other companies reported excess heat potentials directly. These, again, are a source of some uncertainty in the results, as these might be calculated differently. However, as noted by (Broberg et al., 2012), in the case of energy-intensive industries, questionnaires might even be more reliable than having the researchers conduct themselves an energy audit with on-site measurements. This is because the energy flows in such industries is so varied and complex that the energy managers or production managers who respond the questionnaires are probably better suited to identify and report excess heat availability.
The studies discussed here all use some type of questionnaire to assess excess heat potentials. Some of the studies had complementary aims that were also covered in the questionnaire used, such as questions about energy management, the opinions of the respondents about energy issues, and some other qualitative aspects. The types of questionnaires used varied from electronic questionnaires, similar to paper questionnaires but sent out by e-email, and web-based questionnaires (the case of the online excess heat platforms, and the study for Östergötland and Örebro). In general, the authors of these studies discussed the advantages and disadvantages of using questionnaires in excess heat studies in the same general aspects that the theory of this method presents. In general, they are useful because they are capable of reaching larger samples, being relatively simple, faster and cheaper than, e.g. performing energy surveys or interviews. In addition, their problems relate to general aspects of questionnaires, e.g. the reliability of the data provided, possible problems in design and the risk of ignoring relevant aspects of the issue at study. For quantitative studies, there is usually very low risk of overlooking aspects of excess heat availability if the study is well designed, as the answers concern only physical measurements and process conditions. If the information that the researcher is requesting is well defined and delimited, the answers will be clear and direct.
Regarding validation and reliability, possible measures to verify the results could be suggesting a combination of methods in excess heat studies. As mentioned before, questionnaires are used because of their versatility. However, to compensate the risks regarding the precision of the data obtained, the researcher could plan follow-up methods that would strengthen the study results, such as interviews and energy surveys on a sample of the respondents of the questionnaire. For example, after obtaining the results from the questionnaires, analysing the data for the individual sites and drawing some conclusions, the study could present these individual results to some of the respondents during an interview, during which these results and analysis could be validated, and a deeper discussion of broader aspects would happen, compensating for that disadvantage of the questionnaire. In a similar way, a sample of the respondents could be selected to be energy surveyed, and the results from the survey would allow some independent validation of the questionnaire results, and reveal the level of imprecision of the data obtained from the questionnaire. Comparing and aggregating these outcomes would allow better generalisations to be done, in a way that improves the study findings. All these efforts, however, would require resources that are often not available for the research, and are in principle the reason why questionnaires are used in the first place.
Discussion
The literature search for questionnaires evaluating the excess heat potential of industries only retrieved a few examples of studies using this method. In the examples found, 11.3 %, 14% and 8.4% of the energy input to the companies studied was found as excess heat potentials. These figures are not directly comparable, though, as the evaluations from the studies did not follow the same methodology, and the questionnaires are not fully available in the studies. Also, the industrial sectors involved are not homogeneous in the studies, so a comparison is even more complicated. However, the figures are within the range normally reported for excess heat potentials obtained from other methods, which normally vary between 5 to 20%, depending on the sector considered. One interesting finding is the existence of multiple initiatives to provide excess heat platforms, in which companies voluntarily declare their excess heat availability and interest in receiving excess heat. These platforms provide online questionnaires, and in this case, the precision of the data is not of utmost importance, as these platforms are intended to connect companies that have complementary interests. The problem of precision of data in these platforms is not a barrier to research, as there are complementary estimation methods that can be used to derive sector-wide or regional potentials. Additionally, the fact that the online platforms facilitate the contact between interested companies might actually allow researchers to have access to more detailed data, as the studies for actual cooperation opportunities will be required. 
After the interested parties are in contact, more precise studies and measurements could be made to evaluate the potential cooperation. These platforms might also improve the coverage of the studies, as they give companies an incentive to report their own data based on potential business interests. One problem that studies have found, e.g. (Broberg et al., 2012), that is not directly addressed by making online excess heat platforms, is that a number of companies are not even aware of having excess heat available for recovery in the first place. In that case, the company would have no incentive to provide data to the platform. This could potentially be solved by informing companies about the issue, and an opportunity would be for government agencies to emphasise this aspect in programs that aim at performing energy audits at industrial sites.
Therefore, questionnaires are an easier way of collecting data of excess heat availability that could serve as a first estimation of such potentials and accelerate the recovery of this resource that has a relevant potential to reduce primary energy use and greenhouse gas emissions.
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