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    Abstract: The article presents indicators and units used in research on energy consumption in buildings. It also refers to 

the parameters of energy characteristics of buildings which have to be introduced into the Polish law according to a 

directive by the European Union (preferably into local plans for spatial development), and presents the modelling of energy 

consumption potential with artificial radial neural networks. The method of modelling presented in the article makes it 

possible to manage a city according to the idea of energy effectiveness. The relationship between energy and civilisation 

was noticed a long time ago. At the end of the 19th century it was suggested to introduce the term "Ecological Economics", 

and at the beginning of the 20th century the concept of connecting energy flow with the development of urban areas 

appeared. At present, a model of urban ecosystem is being developed in order to research the dependence between energy 

flow, urban structure and city development (Bourdic, Salat, 2012; Bourdic et al. 2012; 14). The research is based on data 

for the town of Zielona Góra. In the area under discussion a large number of buildings are in bad technical condition and 

of a low standard, which paradoxically can provide an opportunity to improve the present condition because each potential 

investment can have a positive influence on the quality of this condition, and at the same time on the energy balance in the 

town. There are two obstacles to these changes: the lack of proper planning provisions concerning architecture (including 

energy effective architecture) in the local law, and the urban structure of the town.  

 
 Index Terms— energy effectiveness, modeling, artificial intelligence, system of city. 

I. INTRODUCTION 

All over the world, in Europe, and also in Poland the consumption of energy is increasing dramatically
i
, which 

causes worries about problems with supply, the possibility that non-renewable energy sources may run out, and a 

stronger negative impact on the environment (the deterioration of the ozone layer, global warming, etc. caused by 

increasing CO2 emission) (Balaras et al., 2005).  

 

The share of cities in the global consumption of energy is constantly increasing, and there are no indications that 

this will change. The growing population, increasing demand for building services and higher comfort levels as 

well as the fact that people are spending more and more time in buildings will result in a further rising trend in 

demand for energy in the future. The global share of buildings in energy consumption (both dwelling houses and 

commercial buildings) has increased recently to 20% and up to 40% in developed countries (Harris, 2010). For 

this reason, at present the main goal of energy policy on local, state and international level is to decrease heat, 

electricity and gas consumption and to increase the energy effectiveness of appliances in buildings. This goal 

should also be included in the local policy that specifies the framework for investment (as specified in local spatial 

development plans). 

A. Simulation of energy effective development 

Political or economic attempts to force climate changes by increasing the price of fossil fuels result in the 

exclusion and increasing energy poverty of a large number of people, i.e. they cause social problems (fossil fuels 

become so expensive that most people cannot afford them). One way to stimulate the energy-effective 

development of the economy is to increase the amount of scientific research which may contribute to making 

renewable energy inexpensive [14]. An ideal solution could be to connect activities directed at modernisation in 

cities in terms of energy effectiveness with strategies for rebuilding them and decisions about model enterprises 

and research projects.  

 

The law of the 15
 
April 2011 on energy effectiveness, which is in force in Poland (the Journal of Laws of the 

Republic of Poland 2011, No. 94, item 551), specifies in article 4 that the final goal for energy effectiveness 
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should not be less than 9% of the country's average annual energy consumption. Cities and administrative 

communes will have to achieve this goal by 2016 [20]. 

 

At present, models for predicting demand for energy can be compared to an economic model which includes the 

amount of GNP (Gross National Product), population, industrial capacity and costs of environmental protection 

(Asadi et al., 2012; 2, Fouquet, 2008, 13]. Long-term trends in demand for electrical energy on state level are 

predicted, and they are the basis for the formulation of local energy policy. At the same time, demand for energy is 

predicted on local level, depending on how energy is supplied to buildings, their heating and cooling appliances, 

including such factors as the climate, the technical condition of the buildings, their physical properties and the 

standard of their installations. In order to determine demand for utilities, energy suppliers more and more often 

make prediction models based on e.g. neural networks. However, energy consumption simulation is rarely used to 

help to manage cities.  

 

Demand for energy on city level depends on local conditions such as the climate and geographical location, the 

system of dominant functions in the city, the energy-intensiveness of buildings, as well as sources and methods of 

energy supply. Research on demand for energy on city level described in subject literature refers to real and 

estimated energy consumption [2, (Bourdic, Salat, 2012; Bourdic et al. 2012; Fabbri et al. 2012; 9, 13]. Municipal 

authorities in some western European cities have started to notice benefits of spatial and transport policy directed 

at saving water, space and energy [11, 12]. However, when decisions about investments are made in Polish towns, 

their future consequences in terms of space, costs and energy often remain unnoticed [3,15,18]. 

B. City systems for monitoring and predicting energy consumption 

A lot of computer software used to help to manage energy in the city suggests predicting demand for energy and 

energy consumption on the basis of the climate, the season, consumption during the day and round the clock, the 

energy intensiveness of buildings, losses during transmission, the performance of installations, building density 

and intensity, the number of inhabitants etc. In order to predict energy consumption, databases with spatial 

information about buildings are made, statistics of energy consumption are kept, and the precision of calculation 

methods is improved.  

 

One of the systems for predicting demand for energy "EnerISS Solver" was created by a team of researchers from 

South Korea. It is an automatic instrument which uses a database of spatial information about the natural 

environment, and energy consumption simulation. Energy consumption shown in a figure is connected with urban 

objects, which are classified according to energy consumption characteristics (Yeo et al., 2013). The same system 

makes it possible to accurately predict demand; to classify urban objects according to their energy consumption 

characteristics, to predict demand for energy depending on the urban climate, domestic or commercial conditions 

(Yeo et al., 2013). This is similar to the Ecosystem Portfolio Model (EPM), which is a multi-criteria prototype 

integrating ecological, social and economic values important to decision-makers [13]. However, to use it, it is 

necessary to know how the energy system functions in the city, to monitor energy consumption, and to promote 

those energy-effective investments which bring the best results in the shortest time.  

 

U-Eco City is a research and development project started by the South Korean government [10]. The purpose of 

the project is to monitor and visualise aggregated energy consumption in real time. The level of detail and the 

visualisation mode of this platform (an advanced prototype providing information for a Web page, which is 

integrated with and connected to Google Earth and Google Maps) makes it possible to spatially monitor energy 

consumption [10].  

 

One of the best moments to improve the energy-effectiveness of buildings is when they are being modernised 

(Asadi et al., 2012). A choice of possibilities from among a large number of goals, methods and materials with 

different characteristics is quite wide for a set of parameters and restrictions which should be taken into 

consideration in order to achieve possibly the best and optimum variant. In this way, Asadi's team described 

optimisation methodology based on a combination of the TRNSYS (Transient System Simulation) software, the 

GenOpt optimisation software and the multi-criteria optimisation of the algorithm prepared with the MATLAB 

software, and made it possible to simultaneously implement the Directive on the Energy Performance of Buildings 

(2010/31/EU). This approach has been tested in the real world. At present, the method of finding an optimum 

solution while making decisions is extremely difficult and time-consuming. The application of modelling in the 

form of multi-criteria evolutionary algorithms may become necessary if a number of goals are to be achieved (i.e. 
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strategic goals, social goals, goals in the field of transport, renewable energy sources, CO2 emission, etc.) (Asadi 

et al., 2012). 

 

Another suggestion about how to introduce the provisions of the Directive on the Energy Performance of 

Buildings was presented by a research team from Italy in 2012 in the city of Ferrara (Fabbri et al., 2012). They 

suggested directions for energy policy in terms of energy-effectiveness in new, existing and modernised buildings, 

including minimum energy requirements for historical buildings, described in the Energy Performance Certificate 

(EPC). It was difficult to find instruments for evaluating and measuring energy consumption in the city, where 

most buildings are historical buildings. The research and simulation carried out with the use of the GIS network by 

Fabbri's team form the University of Bologna led to the introduction of new EPC indicators (the energy class 

indicator and the zone class indicator) into the urban planning law of Emilia-Romania (a region in the north-east 

of Italy) Fabbri et al., 2012.  

C. Promoting energy effectiveness in the city 

The European Union includes a wide use of renewable energy sources (RES) in its directives as a means to 

achieve better energy security, to decrease the emission of greenhouse gasses and to improve the competitiveness 

of European economies. However, since the idea of using renewable energy sources has not gained in popularity 

on the market, different mechanisms have been created to promote it. Recently, sellable and coloured (white and 

green) certificates and adjustable tariffs have been adopted as a means of promotion (Fouquet et al., 2008). The 

experience of a number of countries in Europe shows which promotion mechanisms better correspond to local 

markets, and which bring better and faster benefits at lower costs. Public authorities, which want to minimise the 

costs of promoting renewable energy sources, usually choose certificates which do not limit the number of 

investments whose price is determined by the market. The adoption of a system encouraging investors to 

introduce innovation, where benefits are greater than risks, has led to considerable economic growth especially in 

Denmark, Germany and Spain [12]. A system like this can be less effective in countries where the risk of time 

consuming legal processes and the insecurity of investors cause investments to slow down (Fouquet et al., 2008) 

i.e. also in Poland.  

 

Poland has to adapt its development policy to the requirements of the European Union by reducing the production 

of greenhouse gasses, mainly by reducing operating demand for heat, electricity and gas fuels (Directive 

2009/29/WE). Saving heat, electricity and fuels, and improving the climate in cities and communes within 

predictable time limits includes: reducing the energy intensity of buildings, developing the use of electrical 

vehicles, using energy effective appliances on a large scale, and comprehensively financing improvements for all 

inhabitants [26,27,28].  

 

In Poland, it is necessary to prepare a complete model for energy effectiveness. For example in the case of 

buildings, the building law which says that buildings which are sold should obtain certificates, is imprecise. The 

regulations do not make it necessary to present a certificate of energy characteristics when a building is sold or let 

(it often happens that city authorities set a bad example by writing in the mortgage register that a particular person 

accepts the fact that there is no certificate). 

 

Local authorities in cities and communes are the main subject that is responsible for monitoring processes leading 

to the restriction of demand for energy. Since the processes of reaching the values specified by the European 

Commission should be consistent, it is necessary to monitor them on each level – the improvement of the energy 

balance of buildings, housing estates and cities will help Poland to meet the requirements of the European union 

and the Polish law [19,20]. Public intervention is necessary (financial aid, tax exemption, etc.) to encourage 

rational energy use in households – stimulating measures (financial) generate a lever effect, which leads to the 

improvement of existing buildings.  

II. RESEARCH ON THE ENERGY INTENSITY OF BUILDINGS 

The research on the energy intensity of buildings was carried out in the years 2010 and 2011 as one of the tasks of 

the National Centre for Research and Development: "The analysis of the possibilities, and social and economic 

results of increasing energy effectiveness in civil engineering" and "Conditions for and possibilities of saving 

energy by means of city policy instruments". As a result of that research a model of an Urban Energy Audit was 

made (UEA) [21]. An Urban Energy Audit for the town of Zielona Góra was prepared as an instrument to enable 
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the local government to pursue an energy policy consistent with article 1, items 1, 2 and 3 of the Energy law (the 

Journal of Laws of the Republic of Poland, 2006; No. 89, item 625 with later amendments – "The commune head 

(mayor, city president) prepares a project of assumptions for a plan of heat, electricity and gas supply") [19]. The 

Urban Energy Audit is an estimation document based on the analysis of the town's urban structure in order to 

estimate energy consumption and determine where and how energy could be saved. The following dependence 

results from the database of information obtained from the energy audits: "The larger the set is, the more precise 

the estimation of demand for energy is". 

A. Research assumptions and method 

Buildings representative of the urban structure of Zielona Góra were chosen for research. They represented the 

observed correlations between the critical parameters that had been adopted: age, technology, source of heat, 

electricity and gas supply, technical condition, ownership and present function. Buildings recommended by their 

managers, who provided information about their operating condition, were subjected to research. The goal of the 

research was to determine the influence and distribution of energy and economic parameters on a spatial unit in 

the town. The data collected made it possible to identify the differences in the energy intensity of the buildings 

depending on their function, technology, time of completion and technical condition. In addition, the town area of 

was divided into energy zones determined with respect to the dominant heating method in buildings. Conditions 

for and possibilities of increasing the energy effectiveness of the representative buildings, accepted by their 

inhabitants on the basis of energy audits, were analysed.  

 

The research was concerned with the costs of decreasing energy consumption by 1kWh/m
2
/year in Zielona Góra. 

The research also included surveys. They were mostly about the price, type and consumption of initial and final 

energy needed for heating and cooling the building, preparing hot water per 1m
2
 of usable floor space. The 

questions in the surveys referred to the function of the buildings (dwelling houses, commercial or service 

buildings), the type of building, its technical condition and age, and the construction method (traditional or from 

prefabricated components). The data provided by the surveys made it possible to determine the demand for energy 

of whole zones with a similar urban structure. 

 

In order to complement the data from the surveys, consumption of energy was examined on the basis of energy 

audits in the buildings
ii
. On the basis of the analyses, energy consumption for dwelling purposes was estimated for 

Zielona Góra. Data from the surveys made it possible to determine the demand for energy in built zones (housing 

estates). Data from the Geographical Information System of the town helped to estimate the number of m
2
 of 

usable floor space. The division into functions of buildings in the geodetic database does not include information 

about the classification of buildings into heated and unheated ones. Data from the town's register of buildings are 

not consistent with statistical data from the General Statistical Office about the area of flats and buildings. Data 

from the Central Statistical Office about the usable floor space of dwelling houses are declarative, and data about 

usable floor space obtained from the analysis of the map and the register of buildings provide information about 

the gross area obtained while stock taking. For this reason, data about the town's built area from the Geographical 

Information System and from the General Statistical Office cannot be compared, and differences amount to 

hundreds of percent.  

 

Since it was not possible to use information included in the planning documents of the town of Zielona Góra, 

information included in the register of land and buildings in the town and, as far as buildings were concerned, 

information from the map of Zielona Góra was used for the purpose of the audit.  For the purpose of the audit the 

buildings were divided into three groups according to the abovementioned functions: 

1) the group of dwelling buildings included dwelling buildings and dwelling buildings with space used for 

services; 

2) the group of production buildings included buildings used for production and service purposes, industrial 

buildings, warehouses, auxiliary buildings; 

3) the group of service buildings included office buildings, commercial and service buildings, buildings 

used for educational, scientific and cultural purposes, hospitals and health-care buildings; 

 

Other non- dwelling buildings and auxiliary buildings were not included in the classification for the purpose of the 

audit. Information obtained from the map about the area in m
2
 with particular types of buildings was multiplied by 

the number of floors. The result was summed up for the areas of the settlements included in the audit.  
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Several dozen buildings built in different periods were selected for analysis. Over 20% of the buildings were built 

before 1945. 13% of the buildings were built between 1945 and 1970, nearly half of the buildings under analysis, 

i.e. 46% were built between 1970 and 1995, and 21% were built in the years 1995-2008. 23 buildings were 

dwelling buildings, 6 were dwelling buildings with some space used for services, 7 were service buildings, and 4 

were used for other purposes. [21] 

B. Radial networks used for modeling potential 

Artificial neural networks have a strong theoretical basis and a wide practical use. Any problems that can be 

solved with classical modelling or statistical methods can also be solved with the use of neural networks [15]. One 

directional multi-layer sigmoidal network are used in a vast majority of applications. From a mathematical point 

of view, this type of network serves the purpose of the stochastic approximation of a multivariable function which 

maps a set of input variables 
NRx  onto a set of output variables

MRz . The stochastic approximation of a 

multivariable function carried out with the use of multi-layer neural networks is global in character, because the 

estimated function is mapped onto a particular point in space as a result of simultaneous stimulation of a number 

of neurons. A complementary method of mapping an input set onto an output set consists in matching a number of 

single approximating functions to members of a set of set points in a limited area of multi-dimensional space. The 

mapping is local in character, and the mapping of the full input vector 
nRx  onto the output vector 

mRx  is 

a result in the form of local mappings, carried out by networks with radial base functions (Fig. 1) consisting of 

neurons which carry out the mapping in a hidden layer [15,14]:  
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Fig.1. Radial Basis Network 

If at the input we take p vectors  pii ,,2,1 x , which will be mapped onto a set of real numbers 

 pidi ,,2,1  , then the problem consists in searching for an estimator of the mapping function.  

  ii dF x    (2) 

If we introduce the number of neurons M , which is considerably smaller than the number of teaching patterns 

 pMp  , then the estimated mapping function assumes the form 

   



M

i

iiwF
1

cxx    (3) 

The symbols in the formula (3) denote: 

Mwww ,,, 10   - Scalar coefficients called weights, 

d
M Rccc ,,, 21   - Vectors called centres; functions   are located above the centres 

dRx - The input vector. 

The most widely used radial function   (apart from a number of other functions, some of them perfect) is the 

Gaussian function (simplified form), 
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which brings good results in practice. On the basis of a suitable procedure for the minimisation of the objective 

function 
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we will determine the coordinates of the vector of weights w  and values of the parameters c  and   of radial 

functions. If the parameters are known, then the solution of the minimisation is carried out by means of the 

pseudo-inversion of the Green's matrix 

dGw    (6) 

Whether good results are obtained while solving a particular task with the use of neural networks with radial base 

functions depends on the correctness of network architecture, the number of radial base functions, their width and 

values of the learning coefficients [Gil, 2006, Barsi, 2001]. In this paper neural networks with radial base 

functions are used for modelling energy potential in urban areas.  

C. Research area 

The research focused on dwelling buildings in the area of the town of Zielona Góra, located in the west of Poland. 

In order to determine energy potential, understood as the possibility of an effective use of local resources, the town 

was divided into 50 zones, different in terms of the function of buildings, their construction technology, time of 

completion and technical condition (Fig. 2).  

 
Fig. 2. The division of the research area into zones 

Factors having an impact on energy consumption and predictable energy potential in the zones were analysed. 

They included: the year of completion, construction technology (most closely connected to the building materials 

used), main functions and the location of a particular zone, which was connected to the method of heat and energy 

production (solid fuels, gas, associated heat production). Data obtained in this way were used for training neural 

networks with radial base functions.  

In order to solve the problem of determination, models predicting the energy potential of particular zones in the 

town were built, and a neural network with radial base functions was trained. The input vector consisted of 

numerically represented factors determining the values of the potential. The output vector included the values of 

the potential. The training process was carried out for data obtained from 20% of the zones, in four variants: 
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 I – input vector → year of completion, 

 II – input vector → year of completion+technology, 

 III – input vector → year of completion+technology+location, 

 IV – input vector → year of completion+technology+location+function, 

The results of the distribution of the values of the potential for variants I, II and III are represented graphically in 

Figs. 3-5. 

 
Fig. 3. A model of the distribution of the values of the potential for variant I 

 

 
Fig. 4. A model of the distribution of the values of the potential for variant II 

 
Fig. 5. A model of the distribution of the values of the potential for variant III 

 

For each of the variants, in the process of modelling potential variables, different network architectures and 

different forms of radial base functions were analysed. The best results for the most complex variant – IV were 

obtained by means of a radial network with the architecture 4_7_1, using a Gaussian base function. The results are 

represented graphically in Fig. 6. Fig. 7 shows the results of the values of the potential of particular zones over the 

spatial layout of the town of Zielona Góra. 
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Fig. 6. A model of the distribution of the values of the potential for variant IV 

 

 
 

Fig. 7. The values of the potential in particular zones 

III. CONCLUSIONS FROM THE RESEARCH 

On the basis of the model built with the use of the data which were collected, and including factors with an impact 

on changes in energy effectiveness, it is possible to conclude that:  

- The zone where the most energy can be saved is the one located in the western part of the town, with the 

oldest (1970s and 1980s) housing estates, intensively urbanised, with blocks of flats built of prefabricated 

components;  

- There is also a large potential for saving energy in the zone located in the northern part of the town, with 

detached houses built at the beginning of the 1980s; 

- From among the factors included in the modelling process, the year of completion and construction 

technology had the strongest impact on energy effectiveness; 

- The structure of the buildings and the function prevailing in a particular zone had the smallest impact on the 

results. 

The results of the Energy Urban Audit in Zielona Góra made it possible to predict the costs of modernisation of 

buildings to reduce energy consumption. An example of estimative calculations for the Stefan Batory Housing 

Estate in Zielona Góra is presented below. Most buildings in the housing estate were built from prefabricated 

components in the years 1993-2008 [21].  
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Table 1. A comparison between the number of buildings and their usable floor area in m2 in the Stefan Batory 

Housing Estate in Zielona Góra; source: The Local Government of Zielona Góra 

 

Function Number of buildings Usable floor area in m2 Estimated final energy consumption 

services 87 49 706,1 252 kWh/m2 year 

dwellings 117 64 340,0 268 kWh/m2 year 

 

It was estimated that in 2010 all the dwelling buildings in the Stefan Batory Housing Estate had used altogether 

62.3 TJ of energy in the form of heat, electricity and gas, which was about 4% of the thermal energy sold by the 

Heat and Power Station in Zielona Góra (according to data from 2010).After the thermal modernisation of all the 

dwelling buildings, it would be possible to save 55.7 TJ of energy, which would correspond to 0.5% of the energy 

sold by the Heat and Power Station in 2010. However, if the buildings were modernised in order to achieve the 

parameters of low energy buildings , whose energy consumption is 70 kWh/m
2
/year, it would be possible to save 

3% of the thermal energy sold by the heat and Power Station per year. The cost of thermal modernisation of 

buildings whose demand for thermal energy is Ek 70 kWh/m
2
/year (estimated on the basis of audits and cost 

evaluation) is about 750,4 PLN/m
2
. For the purpose of the calculations we adopted rates including additional 

costs, i.e. project documents, monitoring and additional construction work. If an average dwelling area per family 

is adopted, according to data from the General Statistical Office (data for Zielona Góra from 2010 – an average 

dwelling area occupied by one person is about 25 m
2
), it is possible to assume that the cost of modernisation for a 

family living in flats: M2, M3, M4 would be from 37 to 75 thousand PLN respectively. 
 
Table 2. An estimated cost of upgrading the flats in the Stefan Batory Housing Estate to the low energy standard 

 

Number of inhabitants Usable floor space in m2 Estimated cost in PLN 

M2 50 37 520, 

M3 75 56 280, 

M4 100 75 040, 

 

The potential for achieved or planned savings 
iii

 is presented on the basis of the audit data and cost evaluation for 

selected buildings representative of the urban structure of Zielona Góra (Tables 3-6).  

 

Table 3. A comparison between the quantitative and qualitative annual demand for final energy for selected 

buildings built before 1945 in traditional technology 

Dwelling and dwelling-service buildings built before 1945 

Comparison between energy 

consumption before and after 

thermal modernisation 

Unit 

Before After 
Differenc

e 

Potential for planned or 

achieved savings modernisation standard 

Final energy FE kWh/m2year 435 262 173 40% 

 

Table 4. A comparison between the quantitative and qualitative annual demand for final energy for selected 

buildings built in the years 1945-1970 in traditional technology 

Dwelling buildings built in the years 1945-1970 

Comparison between energy 

consumption before and after 

thermal modernisation 

Unit 

Before After 
Differenc

e 

Potential for planned or 

achieved savings 
modernisation 

standard 

Final energy FE kWh/m2year 325 240 85 26% 

 

Table 5. A comparison between the quantitative and qualitative annual demand for final energy for selected 

buildings built in the years 1970-95 

Dwelling buildings built in the years 1970-1995 

Comparison between energy 

consumption before and after 

thermal modernisation 

standard 

Unit 

Before After 

Differenc

e 

Potential for planned or 

achieved savings 
modernisation 

standard 

Final energy FE kWh/m2year 296 219 77 26% 
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Table 6. A comparison between the quantitative and qualitative annual demand for final energy for selected 

buildings built in the years 1995-2008 

Dwelling buildings built in the years 1995-2008 

Comparison between energy 

consumption before and after 

thermal modernisation 

standard 

Unit 

Before After 

Differenc

e 

Potential for planned or 

achieved savings modernisation standard 

Final energy FE kWh/m2year 268 241 27 10% 

 

The largest potential savings by means of standard thermal-modernisation (it is also possible to save energy by 

improving the effectiveness of installations) can be achieved in the oldest buildings, built before 1945 – about 

40%. It is obvious because the scope of thermal modernisation in these buildings is the largest. The smallest 

potential savings can be achieved in the most modern buildings, built recently, which means that their energy 

effectiveness standards were already higher at the design stage. The results of the Urban Energy Audit make it 

possible to recognise and order areas in terms of estimated potential for saving energy and suggested possible 

courses of action. The goal is to stimulate and support investments intended to improve energy effectiveness in the 

most energy intensive components of the town's urban system. Decisions about the effective use of energy will be 

made on the basis of reliable data provided by audits carried out at the site [21].  

 

The Urban energy Audit for the town of Zielona Góra is a document, which makes it possible to comprehensively 

manage and monitor the town in terms of energy, based on spatial data from the Local Government of Zielona 

Góra. It would be advisable to create a dynamic system (reflecting changes in real time) for monitoring and 

predicting energy consumption, based on data (changing over time) from the Geographic Information System. 

Such a system would help to make optimum decisions about energy effectiveness in the town. 

IV. CONCLUSIONS 

There is no dynamic system which would integrate information about the consumption of energy on the basis of 

spatial information. Polish cities have not reached yet the same level of urbanisation as cities in western European 

countries, so it is possible to assume that their population will grow. These changes can be beneficial to Polish 

towns, where a large number of dwelling buildings are in poor technical condition and of a low standard, because 

each new investment is a chance to improve the existing situation and the city energy balance as well. In this 

matter the Urban Energy Audit (UEA) can be an instrument of urban policy. This paper contains both information 

and suggested actions which should be taken to improve the energy balance on city/administrative commune 

level. The required improvement of the energy characteristics of buildings includes the decrease of the calculated 

or measured amount of energy needed for, among other things, heating, cooling, ventilation, hot water and 

lighting – i.e. things that results from typical everyday use of a building.  

 

In the future (after the Polish law has been adjusted to meet the requirements of the EU directive) before the 

construction of a new building, investors will have to analyse technical, environmental and economic possibilities 

of using alternative systems of energy supply, based on renewable energy sources. The regulations about zero 

energy consumption apply to new buildings from the year 2020 onwards. The investor will have to bear them in 

mind while preparing the documents. Similar requirements will also apply to already existing buildings and their 

modules in the case of major renovations, i.e. when the total cost of renovation work on the outer walls or 

technical systems in a building is higher than 25% of the value of the building or when renovation comprises 25% 

of the area of the outer walls. Therefore, it is important to have a system included in planning documents which 

will make it possible to integrate information and to make optimum decisions on city level. 
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