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Abstract

:

The main problem in creating successful efficiency improvement policies is adjusting objectives to local development programs, dependent on public awareness. This article attempts to find a framework for the costs of changing energy policies using neural networks to identify the social-infrastructure conditions. An analysis model is presented of social-infrastructure conditions of energy costs reduction and buildings’ efficiency improvement. Data were obtained from standardized interviews with Zielona Góra, Poland inhabitants and the Town Energy Audit documentation. The data were analyzed using an artificial neural network. This allowed the creation of a model to estimate the cost inhabitants will incur if the energy is sourced from RES (Renewable Energy Systems). The city social-infrastructural correlation model enabled diagnosing its fragments that can support decision-making. The paper contributes to the current knowledge demonstrating the possibilities of hierarchical investments, different for various buildings and neighborhoods, that allow for rational public funding. Knowledge of the correlation conditions matters when implementing effective local policy. This work is based on pilot studies not financed by the parties concerned. Multiple themes were intentionally investigated: emission control, reducing energy consumption, renovating buildings, supplying with RES, and energy poverty, to show methods to match the goal (hard) to social conditions (soft), rarely presented in studies.






Keywords:


local energy policy; energy efficiency of buildings; neural network; social-infrastructural correlation












1. Introduction


The demand to adjust urban development policy to the requisites of the European Union (EU) in terms of cutting greenhouse gas emissions is a challenge for Poland, as well as most of the states of Central and Eastern Europe. The requisites call for comprehensive actions that contribute to a decrease in operational demand for heat, electricity, and gaseous fuels. There are several methods for reducing energy consumption. One of them is raising prices, which may become, for some households, the driving force for modernization and the search for savings. However, considering diverse situation of households in Poland, some already have problems with paying for energy [1,2]. Drastically reducing expenses through savings diminishes their quality of life and can increase energy poverty and its impact on health [3]. Other methods of reducing the burning of fossil fuels include upgrading buildings and energy-saving activities of the residents and their self-awareness. The use of renewable sources energy is also essential [4].



Every city can shape the support programs for its residents within the general local government activities. A city, as a unit of local government, may participate in multiple international programs financed by the EU; it can use color-labelled certificates, or provide a framework for its residents’ activities. The question is how the programs should be designed and what criteria should be considered to ensure their efficacy. The article concerns the underlying activities for a city program to increase energy efficiency.



A city with existing buildings of various standards, inhabited by a diverse population, n was adopted as the unit of reference in this paper. The city is divided into 50 fragments regarding the dominant urban structure, living standard, heating, and social structure. We attempted, within those parts, to estimate the potential for change, because not all building upgrading activities to reduce energy and heat demand and their use optimization are equally expensive and effective. In addition, the optimization should differ for various buildings, types of heating, and the location (city part). We assumed that it is impossible to accept any criteria or identical proposals for actions for the whole city. Hence, we addressed the detailed research question: how to set, with properly implemented targeted local policy, an effective task hierarchy without significantly increasing the cost of residence, which would result in fuel poverty.



1.1. Fuel Poverty in Poland


Fuel poverty is usually attributed to the interaction between low income, energy inefficiency, and energy prices. Three types of instruments are used in Poland to prevent fuel poverty:




	
Social policy: housing, energy, targeted benefits, electricity allowance, and installation of prepaid counters.



	
Indirectly influence fuel poverty through changes in attitudes and awareness: a nationwide advisory support system for the public sector, housing and companies in terms of energy efficiency and renewable energy sources, promotion and energy efficiency education programs [5].








A number of countries are atetmping to fight fuel poverty. Legislators, agencies, state agencies, media, and energy suppliers are fighting this phenomenon with various support programs [6]. In Italy, according to Fabbri, a strategy for solving the problem of energy poverty includes measures to reduce energy prices. The AEEG, the Italian Regulatory Authority for Electricity Gas and Water, introduced a Help for the Poor Tariff, which depends on family income and energy prices [7]. In other countries, assistance means financial support, but also user education in terms of optimal energy consumption. The level of support depends upon a financial capability and the situation of households.



However, there are also important social determinants of energy use, such as awareness and willingness to change [8]. It is much harder and more expensive to implement significant energy savings in existing buildings, although it is usually possible to specify a range of actions that are both energy efficient and cost effective, as stated by Asadi et al. [9]. The scope and severity of energy poverty in Vermont, U.S. were described by Teller-Elsberg et al. [10]. They indicated that energy users do not find the price itself important, but what matters is the amount of the energy bill and its relationship to their income [11]. This means that the financial burden of households with lower income is heavier, even with reduced energy consumption, which has a clear impact on both the energy availability and energy justice [10].



There are different types of support programs in Europe, including the “Warm Front” in the U.K., giving the opportunity to improve the energy efficiency of buildings while searching for savings and improving the health of inhabitants [12]. In Poland, household incomes are often insufficient for heating in winter, which especially concerns single people or people living in buildings that do not meet the basic requirements in terms of energy efficiency, who lack awareness for energy saving. In Zielona Góra, Polan, this especially applies to housing in older towns, where a great solution would be using urban heating (produced in CHP—Combined Heat and Power), as its price is determined quite freely by the city authorities. The price threshold of this “junk” energy can be one of the elements of the urban program for energy poverty reduction.




1.2. Increasing Energy Efficiency


Social determinants of energy use, especially the financial capabilities of households, should be considered in any strategy for increasing energy efficiency. It is also important to consider public awareness and willingness to change [13]. This requires a responsible urban policy in terms of energy and financial support for some households, whereas for others economic, incentives only would be appropriate. These activities are based on the long-term prospects of the electricity demand in the country. This apparent gap in knowledge was presented by Webb et al. in the first comprehensive review and empirical analysis of plans and investments for sustainable municipal energy in three cities in the U.K. [14].



Energy consumption depends on many factors, such as climate, building design, materials, technologies, energy carriers, applied ways of heating, and tightness of bulkheads, but also on national and local policies [15]. The use of buildings, their condition, the standard of housing, and the local climate are also important [16].



In both the design of new buildings and in modernizing existing buildings, it is essential that the solution and the measures taken are justified and properly chosen. It is possible to find a single design solution that optimizes the weighted sum of the criteria. Gero et al. [17] were among the first who offered a multiple correspondence analysis (MCA) for use in the building design process in order to examine the compromises between the thermal characteristics of a building and other criteria, such as investment cost and storage area. Touloupaki and Theodosiou also applied Multi-Objective Optimization Algorithms to similar issues [18]. The approach to assess modernization scenarios on the basis of a survey of residents began with the EPIQR (Energy Performance, Indoor air Quality, Retrofit) methodology. It identifies the most appropriate modernization action along with a preliminary cost estimation, regarding issues of energy quality and internal environmental quality [19,20]. However, examples of optimization in the literature relate to individual buildings and not programs for entire city districts with similar buildings and population structure characteristics.




1.3. Planning Research


We set several objectives. First, we aimed to outline the social and infrastructural conditions of lowering energy costs and improving the energy efficiency of buildings in existing neighborhoods using Zielona Góra as an example. This part also includes presenting a model of research on the inhabitants’ readiness to use renewable energy sources, as well as to incur the cost of upgrading residential buildings in order to limit energy and heat consumption.



The second objective was to develop a tool that would enable diagnosis considering the above conditions on the basis of limited data, using neural networks, and to find a limit for raising energy prices considering the cost of a poverty reduction program.



Thirdly, we wanted to determine if it is easier to shape an effective urban policy that considers infrastructure and social factors on the basis of a diagnosis, which is the result of such research procedure. Some of the programs financed from the EU structural resources that could be attractive to city residents regard the production and use of energy from renewable sources. The modernization of buildings can be carried out with the application of renewable energy technologies. These technologies, during the energy production, reduce the amount of consumed network energy that is becoming increasingly expensive. Such activity, however, requires greater knowledge and awareness of the inhabitants. Therefore, one of the research questions was: how much are people willing to increase expenditure on energy if it comes from renewable sources?



The analysis of the data obtained from pilot studies using artificial neural networks should be used to predict the distribution of preferences of residents and thermal upgrading potential for the whole area of Zielona Góra (Poland). Neural networks, with some margin of error, provide an opportunity to assess the results, using available, though often incomplete or partial, data to prepare local policy programs targeted for local needs to resolve the problem of fuel poverty. The advantage of this solution is the reduction of cost and time to prepare a diagnosis of the readiness of the inhabitants for a local energy saving policy, modernization measures, and the use of renewable energy sources.



Material and the data for the analysis were obtained from standardized interviews with the inhabitants of Zielona Góra in summer 2016 and 2017. National data on the readiness to use renewable energy sources [21,22,23] were also used.



There is considerable potential for savings of energy and reducing greenhouse gas emissions in houses and cities in Poland, as well as many countries in Central and Eastern Europe. The scale of the economic effect is the highest for detached buildings (over 70% of all residential buildings in the country), since the owners themselves independently decide on the condition of the houses and they are not bound to a vote of the majority, as in the case of multi-family buildings. However, properly implemented urban energy policy and targeted support programs, including the ones for the modernization of multi-family buildings (where most city residents live), may allow both improving infrastructure and reducing fuel poverty, which is the focus of the remainder of the paper.



We wanted to examine if it is possible to create a program to support energy efficiency improvement for Zielona Góra, which will cover such a diverse infrastructural, urban, social structure. For this purpose, modeling was conducted with a neural network using partial data (collected in the TEA—Town Energy Audit for Zielona Góra, surveys, statistics, and other to build a model that answers the question and supports decision-making at the local level [24] (Figure 1)).





2. Results


Modernization of existing buildings and building new ones in accordance with energy efficient technologies requires appropriate funding. Several factors have an impact on the willingness of the Zielona Góra residents to modernize buildings and apartments. These factors are:




	
Economic and cognitive factors: knowledge about the upgrading cost, potential energy savings, and the time at which the expenditure will be returned;



	
Ecological awareness: knowledge of the importance of modernization for the environment;



	
Demographic factors: age of residents, education;



	
Economic factors: the level of income per person in the household and an assessment of the financial situation; and



	
Psychological factors: the general willingness (or its lack) to make changes (Figure 2).








At the level of the general declaration, Zielona Góra inhabitants recognize the fight against environmental pollution as important, or fairly important. However, they seem to be less interested in the issue of incurring any costs due to the use of energy from RES, or modernization of their residential buildings. The respondents who are the owners of the buildings declared greater willingness to invest in changes to energy savings, and this willingness was the highest among owners of detached houses. People having their own property in an apartment building were less interested in potential changes because they feel they can little influence the modernization measures. The majority of respondents declared saving energy by using energy-efficient light bulbs and appliances and by turning off lights when leaving the room. It is difficult to find spare funds for investments in households with low incomes, even if potentially they would save money in the long run.



A challenge for implementing local energy policy is solving issues relating to buildings with high energy intensity indicators. Most often these are historical buildings, protected by conservation legislation, and any changes require the highest expenditures. Most of such properties are located in the city center. The traditional buildings are usually heated using solid fuels. In the central part of Zielona Góra, there are also many properties not owned by the residents; therefore, they are less motivated to modernize them. This is a situation where a potential change in terms of energy efficiency is the most difficult. At the same time, these buildings are inhabited by more people who are already experiencing fuel poverty or are at risk of it. Solving these problems, arising from the overlap of several negative phenomena, requires well-thought-out programs and cooperation of municipal institutions and energy suppliers, with specified solutions accepted by the public.



Although the age of the respondents was not considered as a research variable, interviews indicated that age does matter when making any investment decision. For the elder residents, a prospect of a fund return on investment in the form of energy savings in several years’ time is not convincing. However, when preparing support programs for energy users who are most vulnerable to fuel poverty, it is important to consider their needs and possibilities. In particular, this includes support for elders, both in financial and technical terms, as well as preparing them for changes and their effects (Figure 3 and Figure 4).



Another aspect that requires some corrective action is the need to change the awareness of the inhabitants. Every fourth respondent did not feel that the way they function and secure their needs has an impact on the environment. Regarding the results of the survey, it is important to inform residents of the needs and challenges related to environmental protection, as well as educate them in terms of the positive consequences of implementing the mentioned actions, which will bring real savings in the future. A strong argument in this case may be preparing a cost estimate and showing what benefits actions can have on the household budget. Education of consumer habits, to show what action will bring real savings, is also important.



Few inhabitants declared a readiness to assume the role of an energy prosumer. According to the comments of people who took part in the research, a belief in unprofitability of such investment is widespread. The respondents also pointed out formal difficulties and the costs of such investments which, as they claim, will not be recovered for many years. However, they noted the non-economic benefits of such modernization, mentioning mostly the protection of the environment. The results of the standardized interview surveys from the TEA indicate, however, that the low-urbanized outskirts of Zielona Góra could become an RES development area [24,25,26].




3. Discussion


Modeling of energy consumption on an urban scale is essential for the promotion of energy efficiency improvement. Unfortunately, the literature does not provide many good examples or standardized methods for delivering effective town energy planning. In particular, there is lack of appropriate frameworks or systems that provide effective and fair reviews of energy consumption in a developed area on the district-city scale. No examples of research, estimation, or prediction-modelling for urban areas and cities of Eastern Europe were found in the literature.



The work of Webb et al. was based on the analysis of three cities in the United Kingdom; they proposed a model for the multilevel management of city innovations compatible with the principles of sustainable development for coordinated local, regional, and national activities. They concluded that there is a need to equip municipalities and regions with the statutory rights to plan and develop energy efficiency, combined with access to long-term, affordable, and/or financial guarantees [14].



Miu et al. assessed three policies—variable local tax, land tax with a variable stamp duty, and green mortgage—proposed to replace the current large program of modernization in the United Kingdom, known as The Energy Company Obligation (ECO) [27]. They also demonstrated the need for a modernization policy that overcomes the key barriers to the modernization sector, while maintaining profitability for clients, funding organizations, and dealing effectively with the issues of emission reduction in the U.K. and energy poverty.



The Warm Front approach, as described by Sovacool, in terms of the fight against energy poverty, promotes solutions for other energy analysts, planners, and policy makers. It demonstrates the financial benefits of investing in energy efficiency and fast cost-effective energy efficiency programs. “A variety of household energy efficiency measures are the cheapest and best investments society can make if they want” [12].



Models for forecasting energy demand can be compared to the economic model, which considers the size of the gross domestic product (GDP), the population, industry development, and the costs associated with environmental protection [14]. Long-term trends in electricity demand in the country are the basis for shaping the local energy policy. At the local level, the demand for energy is also predicted, depending on how energy is provided to the building, heating, and cooling equipment, focusing on factors such as climate, technical condition of a building, its physical properties, and standard of the appliances with which it is fitted. Energy suppliers are increasingly building predicting models, using, for example, artificial neural networks. It is rare, however, to use a simulation of energy use that supports optimization of management of cities [28].




4. Research and Methods


4.1. Research Date


Material and the data for analysis used in the article were obtained from the Town Energy Audit for Zielona Góra [24], results of the survey carried out with representatives of households in Zielona Góra in 2016 and 2017, and results of the national survey of the expectations and preferences of Polish citizens in terms of energy policy [21,22,23].



4.1.1. Town Energy Audit for Zielona Góra


In this paper, research on construction was used that was done for the city of Zielona Góra, located in the western part of Poland (51°56’23” N and 15°30’18” E). The data for Zielona Góra included the size of the average usable floor area of an apartment, which is 61.5 m2 in Zielona Góra (average in Poland 62.5 m2); the size of the average usable area per person, which is 24.6 m2 (average in Poland 24 m2); and constantly increasing number of residential buildings and apartments, a steady increase in the size of the usable area of apartments, and the quality and standard of living.



Zielona Góra is characterized by a diverse structure of buildings. The old town is characterized by a compact, frontage development with residential and commercial-residential buildings built using traditional technology. Coal heating equipment is still used within this structure. Single-family and multifamily buildings from the 1950s to the 1970s are located in the city center. Fuel gas is the predominant heat source. Technology of implementation and the quality of materials make the buildings very energy-intensive, often non-insulated, and usually heated by the users with the cheapest energy sources, which are still solid fuels. The old town and the city center are surrounded by a ring of housing estates with multi-family buildings constructed at various periods from the 1950s to the present. The estates were built using traditional or industrialized technology. Detached, semi-detached, and terraced houses, built using traditional technology, are characteristic mainly for the suburbs [24].



The a of research focused on the urban areas of Zielona Góra, designated on the basis of distinctive residential buildings. The city was divided into 50 districts, differentiated in terms of building function, construction technology, and technical condition, assumed in the established model [29,30].



One of the most favorable times to improve the energy efficiency of buildings is during modernization [30]. The most common savings are achieved by reducing the demand on the building usable energy for heating and ventilation. This is possible by reducing heat loss—transmittance through the building envelope, elimination of thermal bridges, such as around the window and door woodwork, balcony slabs thermal insulation, ventilation—and by increasing the heat gains by solar radiation, the use of heat recovery from exhaust air, and outside air preheating.



The results shown in the TEA audit allowed estimating expenses incurred for modernization in order to reduce the energy consumption of buildings with different functions. The calculation for the settlements built in 1993–2008 using high-rise technology presented a necessary expenditure to modernize buildings to obtain a final energy consumption of 75 kWh/m2/year, which will be required as of 1 January 2021, in accordance with the construction and technical regulations for collective housing (Technical Conditions Act). The cost of reducing the demands for thermal energy of a building to 75 kWh/m2/year was calculated on the basis of the energy audits. Calculated refurbishing investment effort in accordance with the cost estimates was about one-fifth (750.4 PLN/m2) of the price per m2 of a new apartment sold in 2016 in Zielona Góra, and circa 4100 PLN/m2 in accordance with the law of consuming no more than 75 kWh/m2/year. Refurbishment cost seems to be so large that, without public acceptance, refurbishment would be impossible to achieve [30].




4.1.2. Questionnaire Surveys with Representatives of Households in Zielona Góra


In 2016, pilot surveys were conducted and then repeated in 2017. The study focused on the willingness of the inhabitants of Zielona Góra to pay greater attention to the environment and reduce energy consumption, which is connected with temporary inconveniences during the modernization work and long-term expenses and increase in rent to cover the investment cost. The research sample was selected in a purposeful way: those respondents whose households were situated in particular zones specified in the Town Energy Audit [24] were selected. A total of 53 standardized interviews were carried out. To gain more crosscutting results, data from nationwide, representative studies were also used [21,22,23]. The data were developed with the use of artificial neural networks; therefore, the approximation of the acceptance of increased charges for electricity from RES by the inhabitants was possible at any point in the research area. Notes and digressions of the respondents and interviewers concerning the matter of the questionnaire were also recorded.



The questionnaire included questions about:




	
Occupied property (type and age of the building, rights to the property, area, number of residents, type and date of making a thermal insulation, window for thermal insulation, kind of heating);



	
Importance of the environmental pollution issues in the local scale, that is, readiness to incur increased costs in case of the use of RES;



	
Willingness for changes and investments in order to increase energy and heat savings; and



	
Assessment of the financial situation made by respondents themselves.








Willingness to change was an important element of the research (Figure 4). Figure 3 lists the activities that the inhabitants of Zielona Góra were asked about and their potential willingness to participate in them and incurring financial expenses. The results of national surveys on the possible support of Polish citizens of ecology in the energy industry were also used. The study was carried out by direct interviews conducted on a representative sample of adult residents of Poland (992 respondents) [21,22,23].



As mentioned before, some of the data were modeled using neural networks. Description of the procedure is presented below.





4.2. Neural Networks as a Modeling Tool


Modeling issues related to energy efficiency with artificial intelligence is becoming increasingly common due to the development and availability of modern technologies and the speed of processing information. Neural networks are used for the analysis of energy intensity of buildings [31,32], quantitative assessment of the technological solutions in the process of upgrading buildings [13], cost estimates of completed construction investments [33], and many other aspects of the construction and maintenance of buildings [34]. Typically, neural networks are used to model issues for individual buildings or groups of buildings with the same characteristics. In this article, we decided to use modeling with artificial intelligence for the whole city, divided into smaller units (quarters) depending on several characteristics: age of buildings, technologies, and the dominant construction method. Notably, the data input to the network included information not only about the inhabited buildings, but also information related to the issue of pollution and environmental protection, readiness to change, investment to increase energy and heat savings, and the assessment of the financial situation of the respondents. This approach reduced the knowledge gap concerning the citizens’ readiness to incur the financial expenses related to the use of RES energy. A description of the tools and procedures is presented below (Figure 5).



The term artificial neural network is understood as a mathematical algorithm that mimic the actions of biological neural networks that can solve problems they are facing, including technical problems. In addition to mathematical algorithms, there are physical implementations of artificial neural networks (e.g., the first Rosenblatt network, projects in VLSI—Very Large Scale Integration technology), which, however, are rare. The implementations of neural networks are mostly programs and computing algorithms running on classic machines. Hence, neural networks are systems used to process information that learn the relationship between input and output.



Sigmoidal multi-layer artificial neural networks, due to their non-linear nature, are a sophisticated modeling technique included among the methods of computational intelligence (Figure 6). Artificial neural networks allow obtaining beneficial results in practical applications, such as approximation, interpolation, recognition, and classification of patterns, compression, prediction, and many more [6]. A neural network in these and other applications is a universal approximation system able to accomplish a function of non-linear multiple variables, as noted by Nałęcz [35]:


y = f(x)



(1)




where the input vector and the vector function are implemented in the whole set of uncertainty. For this reason, many implementations of neural networks involve issues of approximation in multi-dimensional spaces. In order to model the possibility and willingness to pay for increased charges for electricity from renewable sources, as declared by the respondents, a multi-layer neural network trained by backpropagation of errors was used. The network, in order to process the data correctly, must be trained, in which the optimal network architecture is determined, including the number of hidden layers and the number of neurons in layers. Through the training process, the transfer function and additional parameters, such as network training factor or the inclination of the transfer function, are selected. Training and testing the network was carried out using a PC and the MATLAB software by MathWorks, in particular using the Neural Network Toolbox (for Deep Learning), developing our own programs in this environment in order to implement the neural network activities. It must be noted that the processes of training and testing the network were carried out for various activation functions (bipolar, unipolar, and sigmoidal) for different network architectures and using a variety of gradient optimization methods (steepest descent method, variable metrics method, conjugate gradient method, and Levenberg-Marquardt method). Selected results of training the neural network are summarized in the Table 1.



In this case, the best learning results were achieved with the use of the multilayer neural network with 7_5_3_1 architecture (two hidden layers, first layer with five neurons, and the second with three hidden neurons), trained with a conjugate gradient method, using a bipolar transfer function while training, described with the formula [35]:


  y = f ( n e t ) = tanh  (  λ n e t    )  =   1 − exp  (  − λ n e t  )    1 + exp ( − λ n e t )   λ > 0  



(2)




where (net) weighted linear combiner, and  λ  is the slope of the activation function.



The input vector data presented in numerical form included location (address) of the respondent presented as field geo-reference in the form of coordinates (x,y), age of the building occupied by the respondent, heating zone, area of the property, number of people in the household, and declared monthly income per one family member. The output vector was the value by which a respondent would be able to pay for an increase in the electricity bills if sourced from renewable energies. The coordinates of the input and output vectors were presented in a numerical form and were subject to preliminary data analysis (standardization, a division of the data set on the training set and the test set, which are methods for standardization of the dataset). The training process was perforemed on a training set (70% of all survey data), and its quality was evaluated on a set of test data, which did was not used for the training process (the remaining 30% of the survey data). The quality of the training process and testing the network was calculated on the basis of a root mean square error (RMSE), defined by Nałęcz [35] as:


  R M S E =  1   n          ∑  i = 1  n      (   y i  −  d i   )   2       



(3)




where n is the number of patterns of learning, d is the value of the designated output signal, and y the expected value of the output signal.



As mentioned above, the best results were obtained with the use of the 7_5_3_1 architecture neural network for which the training error RMSE was 0.6%, whereas the test error was 0.8%. The results in the form of the maximum increase in value that the respondent would be willing to pay in terms of electricity bills (the number of willing inhabitants after fees increase in %), were presented divided into 5 classes, as shown in Figure 3 and Figure 4.



The issue presented here is that the assessment of the willingness to increase household spending for RES energy is complex and lacks the rules to describe it. Instead, we obtained examples of specific behavior and willingness of city residents gathered in the surveys. Therefore, it was necessary to solve the problem with the use of artificial intelligence, in particular the neural networks which, while training on the examples with the known solution, can analyze the problem, draw conclusions, and generalize knowledge. The use of neural networks in our work made it possible to build a model that answers the question about the possibility of increased expenses for RES energy. At the same time, the approach can be replicated and applied to other areas, including other inputs, after a successful training process.




4.3. Direction for Future Research


During the pilot study, we found that the question of the willingness to implement a wind power plant system (windmills, fittings) was irrelevant, due to the fact that it simply cannot be implemented in urban areas. A pilot study showed the need to prepare different questionnaires for respondents living in detached or terraced buildings and living in blocks and historic tenements. The feature that also significantly varied in the answers was individual rights to the property. An important part of the next version of the questionnaire would be a question about the need to pay off the mortgage because the conversations conducted while carrying out the questionnaire showed that debt significantly reduced the willingness to invest in energy efficiency.



Although investments in energy efficiency are related to a long-term perspective, it is also important to consider the age of the people responsible for the household in future studies. Developing a simple calculator of cost and the potential savings on energy might be useful in more in-depth studies of the willingness to change.



The presented work helps fill the outlined research gap, though it is still incomplete. Our study is based on pilot studies that were not financed by the parties concerned. However, it provides a basis for a the adaptation of future urban programs with variable criteria to the social capabilities of virtually every city population. The authors intentionally attempted multiple themes: from emission control, reducing energy consumption, renovating buildings, and RES supply, to energy poverty. The authors meant to show methods to match the goal (hard) to social conditions (soft), which are often not presented in studies.



Communal and city municipal authorities are the main bodies responsible for monitoring the reduction in energy demand. Due to the need to agree on the process of reaching the values prescribed by the European Commission, it is necessary to monitor energy consumption at all levels of the administrative structure of the country. The improved energy balance of buildings, housing estates, and cities will help Poland maintain its obligations to the EU and Polish legislation. The key objective should be to increase the funding for thermal renovation of single-family buildings and houses in the communities of ownership. It should also be financing a high percentage of comprehensive thermal renovations to reduce final energy consumption, with no financing for low effect investments. Last but not least, Polish legislation should be broadening the thermal renovation support programs as shown in Figure 7). There is a need for public intervention (grants and tax exemptions) to encourage the rational use of energy in households, including supportive (financial) measures generate a lever-jack effect in the form of improvement of existing buildings [28].



Social conditioning of the cost of energy and improving the energy efficiency of buildings apply to two levels: indirectly with households and institutions, via social assistance and relevant city departments, or directly dealing with issues of energy (energy providers).





5. Conclusions


One of the challenges in attaining energy efficiency in older cities is creating a system to counteract fuel poverty. This requires reducing energy prices and its availability (regulation) and more intensive use of infrastructure, expressed, among others, by a concentration of areas inhabited by humans [30]. The adopted objectives can be achieved by implementing a responsible urban policy that requires control, direct action, and/or economic incentive. Public institutions, on the one hand, are designed to monitor the situation; on the other hand, they should cooperate in providing support for people having problems with access to energy and heat due to economic reasons. A partnership of appropriate entities probides a better chance of effectively preventing fuel poverty.



The city social-infrastructural correlation model enables diagnosing its aspects, which can support decision-making. This paper contributes to the current knowledge by demonstrating the possibilities of hierarchical investments, different for various buildings and neighborhoods, which allow rational public funding. Knowledge of the correlation conditions is important when implementing effective local policy. Despite residents in old multi-family buildings in the city center or its neighborhood being the most at risk of fuel poverty, modernization of the buildings is particularly difficult in the area. It requires comprehensive activities of numerous cooperating institutions: city authorities, social assistance, energy suppliers, and historic buildings conservators. In these places, modernization for RES is difficult. However, measures to prevent fuel poverty and to prepare protective programs for vulnerable users are necessary [36,37].



Currently, comprehensive thermal renovations are usually carried out in multi-family residential buildings with the use of the Thermomodernization Fund, or European funds. Additionally, the owners of single-family buildings have limited support, and at the same time, they are the largest group among the users of modernized buildings. They are the target group that could provide the best opportunity for the development of RES. Programs for economic and technical support for house owners (detached, semi-detached, and terraced) might find the most fertile ground in these case-energy consumers, who are the most interested in lowering costs and increasing the energy efficiency of buildings.



In the case of households, the most important factor, besides having available funding, is seeing opportunities and motivation to change. Such a readiness is higher in people who own the property. Awareness factors were expressed in terms of readiness to bear higher costs, but in return, they gain a sense of greater attention to the environment.



Renovation works ought to be designed in a way to have a chance of returning initial cost during the life of the building (until major renovation) when considering implemented solutions. Energy gain minus the operating cost plus savings resulting from avoiding the cost of inflation should be estimated to have the cost returned within this period [38].
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Figure 1. Scheme of modeling the increase in charges for RES energy (Renewable Energy Systems). Model of database links with the aim of increasing energy efficiency and introducing energy from RES to local policy using neural networks. 
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Figure 2. A local policy model, based on social, economic, and technical data to improve the energy efficiency of buildings. 
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Figure 3. Activities that the inhabitants of Zielona Góra were asked about and their potential willingness to participate in them and incurring financial expenses. 
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Figure 4. The results of the neural network training in each quarter of Zielona Góra. The percentage of inhabitants ready to pay more for energy from RES in each quarter of the city. 
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Figure 5. A neural-network-based model of linking the database with the objective to increase in energy efficiency and introduction of RES and local policy directions. 
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Figure 6. Structure of a feed-forward double-layer network [6]. 
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Figure 7. A local policy model, based on social, economic and technical data to improve the energy efficiency of buildings. 
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Table 1. The results of training and testing the neural network in the form of root mean squared erros (RMSE).
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Network Architecture

	
Bipolar Function

	
Unipolar Function

	
Sigmoidal Shape Function




	
Training Set

	
Testing Set

	
Training Set

	
Testing Set

	
Training Set

	
Testing Set






	
Steepest Descent Method




	
7_2_2_1

	
3.34%

	
3.58%

	
3.32%

	
3.51%

	
3.36%

	
3.45%




	
7_3_3_1

	
2.09%

	
2.11%

	
2.10%

	
2.15%

	
2.24%

	
2.56%




	
7_4_3_1

	
1.96%

	
2.03%

	
2.01%

	
2.03%

	
2.12%

	
2.25%




	
7_5_3_1

	
1.89%

	
2.01%

	
1.95%

	
2.25%

	
1.91%

	
2.00%




	
7_5_5_1

	
1.32%

	
2.33%

	
1.45%

	
2.32%

	
1.79%

	
2.58%




	
Variable Metrics Method




	
7_2_2_1

	
1.38%

	
1.52%

	
1.37%

	
1.54%

	
1.46%

	
1.87%




	
7_3_3_1

	
1.22%

	
1.31%

	
1.24%

	
1.32%

	
1.36%

	
1.45%




	
7_4_3_1

	
1.01%

	
1.12%

	
0.99%

	
1.07%

	
1.12%

	
1.33%




	
7_5_3_1

	
0.85%

	
0.94%

	
0.86%

	
0.92%

	
0.94%

	
1.02%




	
7_5_5_1

	
0.75%

	
0.96%

	
0.74%

	
0.92%

	
0.85%

	
1.01%




	
Conjugate Gradient Method




	
7_2_2_1

	
1.23%

	
1.45%

	
1.21%

	
1.56%

	
1.25%

	
1.72%




	
7_3_3_1

	
0.95%

	
1.05%

	
0.94%

	
1.06%

	
0.99%

	
1.22%




	
7_4_3_1

	
0.73%

	
0.92%

	
0.74%

	
0.95%

	
0.85%

	
0.99%




	
7_5_3_1

	
0.63%

	
0.84%

	
0.64%

	
0.85%

	
0.72%

	
0.89%




	
7_5_5_1

	
0.63%

	
0.95%

	
0.64%

	
0.94%

	
0.75%

	
0.91%




	
Levenberg-Marquardt Method




	
7_2_2_1

	
1.19%

	
1.25%

	
1.20%

	
1.27%

	
1.32%

	
1.58%




	
7_3_3_1

	
1.02%

	
1.07%

	
1.03%

	
1.07%

	
1.04%

	
1.19%




	
7_4_3_1

	
0.78%

	
0.95%

	
0.77%

	
0.94%

	
0.88%

	
1.02%




	
7_5_3_1

	
0.65%

	
0.87%

	
0.65%

	
0.88%

	
0.72%

	
0.93%




	
7_5_5_1

	
0.65%

	
0.89%

	
0.66%

	
0.89%

	
0.75%

	
0.94%
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