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Abstract

:

When looking for energy-saving solutions, one should bear in mind the savings that can be obtained through behavioral changes. The article shows that a simple incentive can have a statistically significant impact on employees’ pro-ecological behavior. First, the introduction refers to the general perspective of striving for a global implementation of the Sustainable Developments Goals (SDGs). Additionally, the stakeholders’ point of view is presented, based on reports submitted to the Responsible Business Forum competition (Poland). The two motivating trends are referenced, which include increasing the contribution of powering office buildings to the overall energy demand and increasing the appreciation of behavioral changes as alternatives or complements to technological solutions in pursuit of the SDGs. The following sections of the article present an experiment carried out at one faculty of the University of Warsaw, which consisted of checking the effect of the incentive to lower the temperature in offices after working hours on the actual change in the behavior of the employees. After several weeks of observation of end-of-day thermostat settings in several dozen offices, a statistically significant effect was found. This proves that even simple incentives can lead to pro-ecological behavioral changes.
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1. Introduction


In September 2019, the Heads of State and Government at the SDG Summit renewed their determination to implement the 2030 Agenda for Sustainable Development. It was recognized that the implementation of the SDGs (Sustainable Development Goals) had seen some significant progress, but, overall, the world was not on track to attain the SDGs by 2030 [1].



Humanity is facing several global environmental challenges, such as the depletion of non-renewable natural resources, biodiversity loss, climate change, and changing lifestyles [2,3]. Kates [4] pointed out that sustainability research itself should be focused on the ability to guide nature–society interactions along sustainable trajectories, as well as on methods to promote the social learning that is necessary to move toward sustainability. Individuals and organizations alike should work towards behavioral changes and engage in mutual social learning.



1.1. Sustainable Trends in Organizational Behavior


The results of the research [5,6,7] show that stakeholders expect organizations to provide products and services while reducing the impact of their activities and behavior on the environment, and to not only declare their intentions but also take actions to protect the environment and its resources by way of introducing mitigating actions to reduce environmental impacts and threats. Many organizations have taken action on sustainability and report their reasons for doing so and the extent to which they have integrated sustainability into their operations.



Based on the analysis of the Sustainable Development or CSR reports submitted to the Social Reports Competition organized by the Responsible Business Forum in Poland [8], five main trends in behavioral changes and actions taken by organizations and their stakeholders can be distinguished.



Trend 1: “We save resources.” Justifying this as care for the environment, organizations implement mechanisms to, for example, save heat, electricity, water, electro-waste, and paper consumption, to separate waste collection, to digitize their handling processes, and to make use of a resources audit.



Trend 2: “We do not serve these customers.” Insurance companies withdraw from policies, for example, for coal-fired power plants, giving up capital involvement in polluting projects. Companies state that they no longer buy from these suppliers.



Trend 3: “We live in harmony with nature.” Companies install hives on the roofs of their buildings, forgo the use of plastic bottles in social rooms, encourage resource conservation in the workplace and at home (including water and energy), install composters and bicycle racks, and encourage car sharing.



Trend 4: “Promote sustainability in the workplace.” Organizations remind everyone in the workplace and explain why sustainability is important and how everyone can benefit from it. Becoming a pro-environmental company demonstrably improves its reputation and has positive effects on the organization’s image and brand.



Trend 5: “We are SD leaders.” Companies actively create rules or regulations to implement the SDGs within the organization’s environment.



These activities are undertaken by organizations independently and there is no time sequence between them.




1.2. Growing Energy Demand


One of the key factors in enabling development is to ensure access to affordable, reliable, sustainable, and modern energy for all (SDG 7). The world is making good progress on increasing access to electricity and improving energy efficiency, but progress on access to clean cooking fuels and technologies and improving energy efficiency is too slow [1].



When analyzing the global situation, it is apparent that increasing global energy consumption results in problems related to the ever-growing energy demand, energy distribution and sharing, natural resource depletion, and environmental impacts [9]. The International Energy Agency publishes data on energy trends that show that total energy demand is growing and will continue to grow. An increase of about 28% worldwide is expected by the year 2040 [10]. The structure of energy consumption is changing. Residential and commercial energy demand is increasing and, for years, has amounted to about 20 to 40% in developed countries [9,11] and about 20% worldwide [10]. As the amount of time spent in office buildings increases, the need for work comfort increases as well. Growing energy demand in office buildings makes them significant consumers of energy and, therefore, producers of carbon dioxide (CO2). For example, U.S. commercial buildings increased their share of total U.S. energy consumption from 13.5% in 1980 to 18.6% in 2010 [12]. According to the recent review [13], the building and construction sectors account for more than one-third of global final energy consumption and almost 40% of total direct and indirect CO2 emissions. Improving energy efficiency at every level (from global to individual) is widely recognized as a key element of sustainable development, with a view to increasing energy security as well as economic sustainability. However, efforts to encourage the sustainable use of resources or a reduction in use do not lead to significant achievements, and energy consumption continues to increase.



One of the most important components of energy consumption related to buildings is the need to ensure the thermal comfort of users. It is well established [14] that the internal temperature corresponding to the feeling of thermal comfort depends on the external temperature and habits specific to a given area.



On the other hand, the energy consumption itself can be significantly reduced by the temperature settings and appropriate construction of the building. Change of internal temperature setting by a centigrade alters energy consumption by about 10% [14,15].




1.3. Emerging Importance of Human Behavior as Energy Saving Factor


In general, two approaches can be taken. The first is to obtain energy savings through investments in energy-efficient technologies. It is reasonable to seek such approaches that can be integrated into management systems, but the outcomes depend on the willingness to undertake appropriate efforts and financial abilities. Technological innovation and improvement have long been at the center of policies and approaches to improving the energy performance and reducing the energy consumption of buildings, but technology alone will not achieve their energy-saving goals. People and their energy behaviors in buildings must be included in the research and measures to improve energy efficiency [16]. This leads to the second approach, by which energy saving in office buildings is obtained through changes in the individual behaviors of employees. This second approach enables energy consumption and greenhouse gas emissions to be reduced immediately, without incurring the significant financial costs that are necessary for technological improvements. Previous studies have shown that there is a potential for increasing consumer energy efficiency, but such behavioral changes are not straightforward [17]. Nowadays, most researchers agree that employee behavior plays an increasingly important role in energy use in the workplace, and that by changing user behavior, building energy performance can be improved [18,19]. To analyze the dynamics of the changes in interest in the research relating to behavior and technology, a simple search was carried out in the series of reports from the International Energy Agency World Energy Outlook in 2016–2020 [10,10,11,12,13,14,15,16,17,18,19,20,21,22,23]. It was found that the root of the word “technology” appears in successive reports 246, 226, 162, 199, and 79 times, whereas the root of the word “behavior” appears 13, 11, 6, 12, and 105 times. Additionally, the phrase “behavior change” or “behavioral changes” appeared 0, 1, 0, 3, and 47 times. This indicates that there are opposing tendencies in the rates of technology and behavior references in the context of energy. It is likely that social sciences, through the research of society–environment interactions, can make a much greater contribution to sustainable development by saving resources and protecting or reducing the impact on the environment than normally supposed [10,11]. Behavioral change induced by various interventions is becoming a promising strategy for reducing energy consumption and carbon emissions in buildings [24]. Research [25] has shown that the “shocking amounts of energy wasted during off hours in commercial buildings” are mainly due to behavior (for example, occupants leaving appliances on at the end of the day or improper control of energy use). In a study [26] based on an extensive literature review, it was estimated that residents’ energy-saving behavior potential amounts to 10–25% for residential buildings and 5–30% for commercial buildings. The report from the same study states that “the role of occupants behavior in the effectiveness of buildings energy efficiency policy is a big research gap”.




1.4. Complexity of the Human Behavior Factor


However, human behavior is one of the most complex phenomena. The accumulated knowledge of human behavior and behavior change in the context of sustainability has been reviewed, for example, in a highly recognized report [2], where an integrated approach, the Comprehensive Action Determination Model (CADM), was successfully examined through an elaborated meta-analysis. In a more recent study [27], emphasis was put on planning successful behavior change programs and, in particular, on behavior change tools, among which information intervention tools were highlighted.



Attempting an experimental approach to various aspects of sustainable development is part of the transition between considering what changes should be made (and why and how to make them) and how to reliably assess the effectiveness of change initiatives [28].




1.5. Towards a Pro-Ecological Behavior Change—An Experimental Approach


Providing information and feedback on energy consumption is seen as an entryway to the sustainable use of energy sources because energy-unaware behavior leads to the use of much more energy than the minimum that can be achieved [29]. According to Shove et al., most energy-consuming behaviors are the result of inconsistent routines and habits and rarely the subject of conscious decision-making; this makes it difficult for people to link specific behavior with energy [30]. Therefore, it is worth remembering that educational institutions have a potentially significant role in terms of promoting energy saving because they not only implement their own activities but they also provide education on this matter. Among the recent works examining both energy efficiency in educational communities and opinions on the ways of promoting it are the studies by [31,32].



However, education does not end with graduation. Providing the correct information in an effective way can lead to the desired behavior change. In particular, it could lead to overcoming the problem that we propose to call the triple invisibility of energy. Energy and its consumption are already regarded as double invisible to householders [33] because they are not aware of where the energy comes from or by what means. For example, electricity is perceived as “a commodity, a social necessity or a strategic material” [34]. In the case of energy use in office buildings, there is an additional—a third—dimension of invisibility. Simply, the one who pays for energy at the workplace is the employer and not the employee. This additionally undermines the link between the use of energy at the workplace and the economic effect of that use. It prevents the usage of any tangible rewards for reducing energy consumption in the office. Such incentives seem to be appropriate for the residential sector, but their expected effectiveness is not always confirmed. For example, in a well-known meta-analysis [35] of 156 field experiments, it was found (via the meta-regression method) that “pecuniary feedback and incentives lead to a relative increase in energy usage rather than induce conservation”. It was concluded that “non-monetary, information-based strategies can be effective at reducing overall energy usage”.



It is often overlooked that employees’ behaviors determine the use and saving of energy in office buildings to a large extent, even though it was indicated to be as significant as technological changes [36]. On the other hand, it was shown that smart building energy management systems outperform the best conventional policy measures [37]. However, technological improvements are rarely possible without significant investments.



As far as the effectiveness of incentives for energy saving is concerned, empirical studies have yielded mixed results. An in-depth summary of behavioral interventions and experiments performed in commercial and residential buildings in the years 2005–2015 can be found in the publication by [38]. From a total of more than a thousand publications found by a keyword search, about a hundred with quantifiable results or assessment of the effectiveness of intervention were selected. The results of almost twenty most relevant studies were presented in detail. The most successful interventions were those in which occupants could confront their attitudes with others. Strategies with untargeted information were less efficient or inefficient. Most interventions pertained to the use of electricity. An increase in energy-saving awareness due to an intervention was usually reported by participants, but the correlation with changes in behavior was weak, if present. In many studies, a weakening of the positive change over time was reported.



In general, it could be concluded that providing appropriate information can lead to energy-efficient behaviors, but such improvements are not guaranteed, nor is their durability. Reviewers [36,38] underline that further energy behavior intervention studies call for an interdisciplinary approach and that the durability of effects is one of the most difficult issues to address. Incoming technological improvements will not only enforce energy effectiveness but also facilitate studies about its behavioral aspects, which cannot be neglected, even in the case of the use of the best possible technology.



Our own keyword search for publications reporting an experiment about thermostat setting, done in the preparation phase, did not result in any scientific paper in which a reaction to incentives for energy saving was experimentally studied. The most similar study was by [39], in which a reaction of employees to changes to the default thermostat settings was studied. However, the tested population was not informed in any way about the study. What was measured was the actual reaction to temperature changes and/or actual thermostat settings during working hours. Our recent literature search showed growing interest in studies of thermostat settings, but mainly in the context of automatized combined air conditioning and heating systems. A good example is the study by [40], in which the measurements were performed using automatized sampled temperature and thermostat setting readouts.





2. Objectives


The objective of the present study was to gain knowledge about the possibility of changing employees′ attitudes regarding energy use for heating after working hours. For this purpose, Energy Saving in the Office (ESO) experiment was designed and carried out, as described in Section 3. The specific objective of the ESO experiment was to obtain an increased number of thermostats with settings reduced by the employees themselves to 2.5 or lower at the end of a working day. Such a setting corresponds to a temperature of about 18 °C.



The most important feature of the experiment was to check whether a statistically significant change could be achieved with a simple incentive.



In contrast to [39,40], the focus of our study was the reaction to incentives to reduce thermostat settings after working hours. These thermostats were to be set manually by office occupants. In our case, automatized readouts were not possible. The settings were weakly related to temperature comfort at work.



One more significant and unique aspect of our study was that we were able to utilize a control group of participants who were not at all informed about the experiment. Thus, we were able to assess the pure cognitive reactions to the incentives.




3. Materials and Methods


3.1. Energy Saving in the Office (ESO)—Experiment Design


The experiment was designed as follows. The experimental data were obtained by regular readouts of thermostat settings in the offices of administrative, research, and teaching staff in the buildings of one faculty. The experiment was carried out in a period of intense heating from 8 December 2016 to 27 February 2017, in a complex of three faculty buildings forming a small campus in Warsaw, Poland (see Figure 1). The readouts were done on working days after working hours (between 4 p.m. and 6 p.m.). In total, 17 measurements were taken.



The adopted research objective pertained to determining whether it is possible, after providing incentives, to change occupants’ behavior, leading to a reduced thermostat setting of the proposed value. Taking all the considerations into account, the ESO experiment was designed, as graphically presented in Scheme 1.



All available offices were randomly [41] assigned to three groups. The first (G1) was the control group, to which no information about the project was delivered. The second (G2) and the third (G3) groups received the first incentive after the fourth readout. This first incentive contained a suggestion to reduce thermostat settings to 2.5 or lower before leaving the office and the information on the room temperature that such a setting corresponds was attached. This and other incentives were in the form of A6 cards placed in a visible place in a given room. The second incentive was delivered after the ninth readout, but only to group G3. This second incentive was in the form of recognition or a reminder, depending on the records taken for a given office. The recognition went to rooms where the thermostat setting was in line with the first incentive. It contained a thank you note and an encouragement to continue. The reminder went to the other rooms of the G3 group. It contained a renewed incentive the same as before. Finally, both the G2 and G3 test groups received information about the end of the main part of the project after the 14th readout. The moments and the recipients of subsequent incentives are marked with the symbols of the scroll in Schema 1.




3.2. Carrying out the ESO Experiment


Graphical representation of the experiment flow is shown in Schema 1. It could be summarized as follows. Seven phases of the experiment were designed and performed:




	
Thermostat readout Nos. 1, 2, 3, and 4;



	
Intervention—The first incentive for energy saving delivered to groups G2 and G3;



	
Thermostat readout Nos. 5, 6, 7, 8, and 9;



	
Intervention—The second incentive for energy saving delivered to group G3 only;



	
Thermostat readout Nos. 10, 11, 12, 13, and 14;



	
Intervention—The information about the end of the main part of the project delivered to groups G2 and G3;



	
Thermostat readout Nos. 15, 16, and 17.








The selection of readout days was subject to the following constraints. Not more than three days per week were to be selected (this was imposed by administrative staff who assisted in opening the offices). Additionally, two longer breaks between measurements were foreseen and used for the purpose of testing the durability of the potential behavioral changes. The first happened between the seventh (2016-12-22) and eighth (2017-01-10) readouts and was prompted by the Christmas/New Year break. The second happened between the 15th (2017-01-24) and the 16th (2017-02-20) readouts and corresponded to the session and the semester break.



Eleven offices were excluded from the study due to thermostat failures, a permanent lack of users, or access problems. The final numbers of offices used in the study were 28, 28, and 27 in groups G1, G2, and G3, respectively. Two research hypotheses were formulated.



RH1: Obtaining information about energy-saving opportunities leads to energy-saving behaviors.



RH2: Employees sustain energy-saving behavior over time.



These research hypotheses were investigated by statistical hypothesis tests of the acquired data, as explained in Section 4





4. Results


The two-dimensional distributions of all collected thermostat setting readouts is shown in Figure 2 for control group G1 and in Figure 3 for combined test groups G2 and G3. The area of each box in a given drawing is proportional to the number of readouts with a given setting for a given observation. In Figure 2, the minimum non-zero number of readouts represented by a single box is 1, and the maximum is 9. In Figure 3, they are 1 and 22, respectively. The thermostats were graduated from 0 (the valve closed) to 5 (maximum opening) with the possibility of setting half values. At maximum and minimum opening, the valves were not temperature sensitive.



A trained eye will notice a change in the pattern in Figure 3 when shifting from observation 4 to 5. Such a change is not seen in Figure 2.



One can also observe a significant fraction of the maximum settings in both figures.



The quantitative analysis of this data is presented in the following sections with the use of a success fraction understood as the part of the settings consistent with the incentive delivered to the test groups.



4.1. Statistical Test of the Effect of the First Incentive Delivery


We interpreted the results as outcomes of 3∙17 (3 groups times 17 readouts) independent binomial processes in which success was identified as a thermostat setting of 2.5 or less at the time of the readout, that is, in line with the first incentive.



We began the analysis by studying the effect of the first incentive by putting forward the following statistical hypotheses.



Hypothesis 1a.

There is no difference in the success fractions between the control group G1 and the test group G0, consisting of both the G2 and G3 groups.





Hypothesis 1b.

The success fraction in G0 is higher than in G1.





This allowed the validity of both research hypotheses formulated in Section 3.2 to be verified in regard to an effect of the delivery of the first incentive because these hypotheses could be tested for every day of measurement separately.



The time evolution of the success fractions is presented in Figure 4.



It is easy to spot an increase in the success fraction for G0 starting at the fifth readout, after the delivery of the first incentive. A decline of this success fraction at the eighth readout could be attributed to the Christmas/New Year break, as well as to the significant reduction in external temperature, graph of which is shown in Figure 5.



To test the 1a hypothesis, we used the z-test of the difference of two population proportions [42]. At each observation day t ∊ {1,…, 17} and in each group Gi (i∊ {0,1}), the population comprises ni(t) measurements with ki(t) successes.


The success fraction is defined as pi(t) = ki(t)/ni(t).



(1)






  The   variable   z  ( t )  =    p 0   ( t )  −  p 1   ( t )       p ^   ( t )   (  1 −  p ^   ( t )   )   (   1   n 0   ( t )    +  1   n 1   ( t )     )      ,  



(2)




where


   p ^   ( t )  =  (   k 0   ( t )  +  k 1   ( t )   )  /  (   n 0   ( t )  +  n 1   ( t )   )   



(3)




is the joint success probability and has an approximate standard normal distribution if both binomial processes are identical. Since we expected that the success fraction after incentive delivery would be greater for the test group G0 than for the control group G1 we did a one-tailed test, meaning that the p-value of the 1a hypothesis (the probability that one is wrong, rejecting this hypothesis) is equal to the integral of the standard normal distribution from z(t) to infinity.



The time evolution of the p-value is shown in Figure 6. The level of 0.005 is indicated by the horizontal dashed line. If a point is below the line, the null hypothesis 1a is rejected if the significance of the test is set at 0.005. The p-value goes down as far as a permille level at the seventh readout (the third after the delivery of the first incentive).



It can be concluded that the effect of the delivery of the first incentive is statistically significant, although not instantaneous. This confirms the RH1 hypothesis in regard to the effect of the first incentive. The Christmas/New Year break (in between the seventh and the eighth readouts) nullified the learned energy saving to a considerable extent; however, the test group showed a higher success fraction to the end of the experiment. The p-value oscillates around 0.05 and deteriorates towards the end of the experiment, but it appears that this is mainly due to a slight increase in the success fraction of the control group. It could also be attributed to a diffusion of information to that group, but the population under examination is too small to draw definitive conclusions. From the point of view of the statistical hypothesis test, the second RH2 hypothesis verification was constrained by the small number of offices that were available for the study. The 1a hypothesis cannot be rejected even at the least (reasonable) stringent significance of 10% for 4 out of 12 readouts. The statistical support results of the RH2 hypothesis are too weak.




4.2. Consideration of Effect of the Second Incentive Delivery


We also considered the effect of the second incentive delivery to the G3 group only. The time evolution of the success fraction for all three groups separately is presented in Figure 7. The line for the control group G1 is identical to that in Figure 4. The G2 group is shown using triangles connected with a dotted line, and group G3, to which the second incentive was delivered before the 10th observation, is shown using circles and a full line. Additionally, the reference period of thermostat readout Nos. 1–4, before the first incentive delivery, is shadowed. To estimate the statistical significance of the second incentive delivery, we put forward the following set of hypotheses.



Hypothesis 2a.

There is no difference in the success fractions between the control group G1 and the test group G3.





Hypothesis 2b.

The success fraction increases in the test group G3 with respect to the control group G1 after the incentive delivery.





Once again, there was an increase in the success rate after the delivery of the first incentive to groups G2 and G3, and a decrease after the Christmas/New Year break (Figure 7). It can be observed that, for group G2 (triangles, dotted line), there was a stabilization of the success rate at a slightly higher level than during the reference days, whereas, after the delivery of the second incentive to only group G3 (circles, continuous line), the success rate for that group gradually increased.



The time evolution of the p-value is shown in Figure 8 for groups G2 and G3 separately. It drops down below the line of 0.005 for the 13th observation of group G3. However, it goes up at the next observation. It can also be concluded that the effect of the delivery of the second incentive is statistically significant, although not instantaneous. This supports the RH1 hypothesis in regard to the effect of the second incentive. There is no sufficient statistical evidence to support the RH2 hypothesis, that employees sustain energy-saving behavior over time. Even if the success rates for both the G2 and G3 groups were greater at the end of the experiment than in the reference period prior to the delivery of any incentives, the number of available offices emerged to be too small.



The information about the end of the experiment delivered to both the G2 and G3 groups before the 15th readout had no significant influence on the success fraction in these groups.





5. Discussion


There were several limitations to the present study. The most significant was the limited number of available rooms in which the readouts were possible. There were also some aspects regarding the specific usage of these rooms. Most of the rooms were shared, and the employees used them only for a few hours a day, and not every day. In these cases, no one felt that they were the only ones responsible for the room. It is worth mentioning, however, that this did not increase the effectiveness of the incentives, so it does not weaken the results. The employees were mainly researchers and/or lecturers, eliciting the possibility that their energy-saving awareness is above average. On the other hand, one might expect a high level of independence, which could lead to objections against impositions. Finally, it was impossible to avoid leakage of information about the experiment from the test groups to the control group.



Another factor that could potentially influence the result was variations in the external temperature. To quantify such an effect, Pearson correlation coefficients between a series of temperature records (Figure 5) and a series of success fractions for all three groups G1, G2 and G3 (Figure 7) were separately calculated, yielding r1 = +0.45, r1 = −0.17 and r3 = −0.04. The correlation turned out to be positive for only the reference group, G1 (as expected in the case of a causal dependence) and only for this group was it statistically significant (using the bootstrap technique, it was estimated that a single-valued statistical significance level of 0.05 was achieved if r1 > 0.35). However, the size of the effect measured in the G1 group as a difference of success fractions corresponding to the extreme temperatures (the lowest, −7 °C, and the highest, +10 °C, external temperatures were recorded on the days of the 8th and the 17th readouts, respectively) was equal to 0.11, which was comparable with the average statistical uncertainty of 0.08 and much smaller than changes to the success fractions observed in the test groups G2 and G3 (see Figure 7). One may conclude that the level of positive changes to the success fractions observed for test groups G2 and G3 exceeded potential bias due to variations in the external temperature. On the other hand, it cannot be excluded that the most prominent drop of the success fractions recorded for the eighth and ninth readouts (with respect to the seventh one) was in part due to a low external temperature.



Furthermore, it must be stressed that the effect size found in the study, even for the largest readouts, was moderate. The maximum of the absolute effect, measured as a difference of fractions, amounts to about 1/3.




6. Summary and Conclusions


This article presents results of the experiment Energy Saving in the Office. Main conclusions are the following.



	
Providing incentives for energy saving resulted in a statistically significant positive reaction of the employees of the department studied.



	
This reaction was not instantaneous and weakened with time, but to a success rate level higher than the starting one.






When recalling the main points of the study, it should be remembered that the success rate was defined as the number of offices in which the thermostat settings were reduced at the end of the day, in line with the incentive delivered to the test groups. The increase in this success rate in the test groups compared to the control group excluded the hypothesis of no positive change at a significance level of 0.005. However, this success rate decreased over time, and even though it was higher than in the control group by the end of the experiment, the final difference showed lower statistical significance.



However, given the main limitations of the experiment, namely the relatively small number of offices available and their use by multi-person teams, the following overall conclusions can be considered reasonable.



	
When seeking to save resources (water, energy, paper, etc.) in offices or other buildings, it is important to remember to raise awareness and train staff, to learn from each other, and to encourage adapting resource-efficient behaviors. It is equally important that select employees declare that they will transfer their changes in behavior to their private lives.



	
In regard to the methods leading to changes in the behaviors of individuals and organizations towards becoming more resourceful and energy-efficient, the experimental approach proposed in this article can be an effective solution.






The described experiment fits into the framework of inter-organizational cooperation between business and academia.



The acquired knowledge about how changing employees′ behaviors can lead to savings can be applied to any company and the resources used. It is most likely easiest to conduct similar experiments at universities and share knowledge between business and science.
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Figure 1. The campus seen from South-West (left) and North-East (right). 
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Scheme 1. Model of the Energy Saving in the Office experiment. 
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Figure 2. The 2D distribution of thermostat readings in the control group, G1. 
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Figure 3. The combined 2D distribution of thermostat readings in the test groups, G2 and G3. 






Figure 3. The combined 2D distribution of thermostat readings in the test groups, G2 and G3.



[image: Energies 14 05315 g003]







[image: Energies 14 05315 g004 550] 





Figure 4. The time evolution of the success fraction in the test group, G0, and in the control group, G1. The bars correspond to ± one square root of the variation. 
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Figure 5. External temperature at 4 p.m. of each observation day as reported by meteo.waw.pl. 
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Figure 6. The time evolution of the p-value of the 1a hypothesis. 
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Figure 7. The time evolution of the success fraction for all three groups separately: the control group G1, the test group G2, and the test group G3. 
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Figure 8. The time evolution of the p-value of the 2a hypothesis for groups G2 and G3. Lines are only to guide eye. 
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