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Abstract: One of the ways to reduce the energy consumption from conventional sources is the 

introduction of an energy audit, which aims to inform the owner / user of a building about its 

energy consumption and possible ways of its reduction. For this purpose, the coefficients EK 

(annual demand for final energy) and EP (the amount of non-renewable primary energy to satisfy 

the energy needs of the building) were introduced. Their maximum values are deter-mined in 

accordance with the regulations of the Minister of Infrastructure for each type of building covered 

by the energy audit obligation. Audit is an expertise designed to gain knowledge about energy 

consumption in a given building, a set of buildings, a system or an installation. It is to provide 

information on how to save an energy and their results. The following article presents the purpose 

and methodology of performing the  energy audit for residential buildings. 
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1. INTRODUCTION 

Audit is an expertise designed to gain knowledge 

about energy consumption in the building, a set of 

buildings, a farm or an installation. It should provide 

information about ways of energy savings and their 

results. Performing an energy audit is called auditing. 

It is a set of activities covering the assessment of the 

existing state of energy use in the investigated 

building. A person who performs this type of audit is 

called an energy auditor. He is a specialist in the scope 

of technical means of saving energy and 

environmental protection as well as in the field of 

economic efficiency assessment of energy-saving 

investments, working as an independent, objective 

adviser [1, 2, 16]. It is import ant to be noted that the 

auditor is treated as an expert. His task, except the 

assessment of the existing state, is to propose the ways 

of saving energy, providing approximate costs of their 

introduction and the resulting profits.  

One of the ways to reduce the costs of obtaining 

energy is the use of renewable energy sources. This 

direction of the power engineering is more popular for 

some time due to the innovativeness of this type of 

energy generation. What is more, it is a cost-effective 

method for people using buildings in which renewable 

energy sources are used. In addition, the European 

Union insists on development of RES in accordance 

with Directive 2009/28 / EC [4, 6]. The emphasize of 

the European Union is related to the amount of CO2 

emitted during energy production, which affects the 

deterioration of the natural environment state around 

the world from one year to another. High emission of 

greenhouse gases affects the growth of the ozone hole. 

This directive aims to completely reduce the 

consumption of energy from conventional sources by 

20%. At the same time, this goals have been broken 

down into the partial-goals at the national levels, 

taking into account different starting positions of 

individual Member States [3] 

Similarly to the White Book, the European 

Commission emphasizes in the directive the necessity 

to undertake actions to protect the environment, 

mitigate climate change and to fulfill the global RES 

target set by the White Book. In this case, it should be 

achieved by in-creasing energy production from 

renewable energy sources. In addition to the 

assumption of 20% of energy from renewable sources, 

the aim of the directive was also to reduce green-house 

gas emissions by 20% [8]. 

One of the ways to reduce energy consumption 

from conventional sources is the introduction of an 

energy audit, which aims to inform the owner / user of 

a building about its energy consumption and possible 

ways of its reduction. For this purpose, coefficients 

EK (annual demand for final energy) and EP (the 

amount of non-renewable primary energy to meet the 

energy needs of the building) were introduced. Their 
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maximum values are deter-mined in accordance with 

the ordinances of the Minister of Infrastructure 

[7,10,11] for each type of building covered by the 

energy audit obligation. 

The energy audit is performed by a person called 

an auditor in the form of a detailed report. There are 

currently various types of audits that can be divided as 

follows: 

− due to the level of detail: 

− preliminary, 

− detailed, 

− due to the position of the ordering person: 

− for the user (investor), 

− for the bank, 

− due to the scope: 

− fragmentary (for a separate installation), 

− detailed (covering the entire facility and all 

issues related to it), 

− due to the contractor: 

− performed by an auditor, 

− performed by an user (eg. in the case of mass 

shares), 

− depending on the facility on which the audit is 

carried out: 

− a residential building,  

− industrial facility,  

− energy management of the community. 

2. METHODOLOGY FOR CONDUCTING 

AN ENERGY AUDIT  

The methodology of conducting the energy audit 

together with the example of energy performance 

certificates are presented in the Regulations of the 

Minister of Infrastructure [4,10,11]. These documents 

contain detailed formulas for determining the energy 

demand for specific purposes throughout the year. 

The determination of energy efficiency can be 

divided into four stages. The individual stages are 

illustrated and described in the diagram shown in 

Figure 1. The first one consists in analyzing the 

current state of affairs. Depending on the type of audit, 

this stage will vary in steps of proceeding. If it is an 

audit of a designed building, calculations of the 

demand for particular types of energy should be 

carried out based on project data obtained from the 

investor. This type of audit is aimed at checking the 

compliance of the project with the requirements for 

newly constructed buildings.  

In the case of an existing building (renovation 

audit), the procedure in stage I involves systematic 

collection of data, inspections of the tested object 

condition (analysis of thermal bridges and leaks in eg. 

using infrared camera) and consumption of media 

using various types of meters and sensors. Water, gas 

and electricity bills are also helpful in the analysis, 

allowing to determine the consumption of energy 

carriers and, as a result, the consumption of energy. In 

addition, reviewed should be to building partitions, the 

installation and the  heat sources. The second stage of 

the audit is to determine the reliability of the data 

obtained. It consists in verifying the obtained data, 

determining the final energy consumption and primary 

energy from non-renewable sources. These values, 

after made the calculations are compared with limit 

values of EK and EP coefficients for a given type of 

building [13]. 

 

Fig. 1. The ideological scheme of methodology during proceeding of the energy audit of a building or its part [12] 
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Based on the audit results, the auditor is required 

to present several optional concepts that will allow the 

reduction of the EK and EP coefficients, presenting 

the results of the implementation of the concept, its 

costs and the possibility of co-financing from various 

sources. The next step is developing the concept. It 

consists in considering hypothetical threats in its 

implementation. Typical obstacles that interfere with 

the development of the concept are the lack of 

technical knowledge, negligible market knowledge, 

lack of time (unavailable contractors), lack of capital, 

limited information of decision makers, energy and 

technology costs, unallocated fixed costs. The last step 

is to implement the chosen concept. In the case of an 

enterprise, it proceeds according to the following 

stages: changing the company's vision in the area of 

energy, improving the energy management system, 

motivating and sensitizing employees, monitoring and 

controlling the energy management system [12]. 

2.1. Calculation of energy demand 
The main values in the energetic audit of a single-

family house are the demand of energy for heating and 

hot water preparing. The demand for usable energy for 

cooling and lighting in the case of a single-family 

home may be omitted. The cooling demand is 

calculated only if there is a cooling installation that 

supports more than one room, and for lighting 

purposes only in public buildings. Calculations aimed 

at determining the annual demand for final energy 

should be made as a ratio of the demand for usable 

energy (which is determined by a heat balance of 

building) by the seasonal efficiency of a given 

technical system. The calculations are aimed at 

estimation the demand of energy for heating purposes 

and are given by equation (1): 

 ��,� = ��,�	

�,���


���
�����,  (1) 

where:  

QK,H – demand for usable energy (useful heat) for the 

building (residential premise) for heating, 

[kWh / year], ��,��� – average seasonal overall 

efficiency of the building's heating system. 

In addition to the energy required for heating 

purposes, the preparation of hot water should also be 

taken into account using the dependence (2): 

 ��,� = ��,�	

�,���


���
��� �, (2) 

where:  

��,!" – demand for useful heat to prepare hot water, 

[kWh / year], ��,��� – average seasonal total 

efficiency of the hot water preparation system. 

All the formulas described so far lead to the 

calculation of the most important coefficient EK and 

EP. The final energy demand coefficient is calculated 

from the dependence (3): 

 #$ = �%,�&�%,�
'(


 ���
)*·��� �, (3) 

where: 

Af – heating or cooling area (with regulated 

temperature) of building or local, [m2]. 

The coefficient of primary energy demand is 

calculated using the annual primary energy demand, 

which is the sum of energy demand for: 

− heating, 

− hot water preparation, 

− cooling and ventilation for cooling rooms, 

− lighting. 

EP coefficient of the annual primary energy 

demand is calculated from the dependence (4): 

 #, = �-
'(


 ���
)*·��� �, (4) 

where: 

Af – heating or cooling area (with regulated 

temperature) of building or local, [./]. �0 – annual 

demand for primary energy. 

The annual demand is calculated from formula (5): 

 �0 = �1,� + �1,� + �1,3 + �1,4 
���
��� �, (5) 

where: 

�1,� – annual demand for primary energy through the 

heating and ventilation system for heating and 

ventilation, [kWh / year], �1,� – annual primary 

energy demand by the system for preparing hot water, 

[kWh / year], �1,3  annual demand for primary energy 

through a cooling and ventilation system for room and 

air cooling, [kWh / year],  �1,4 annual primary energy 

demand by a lighting system (only included in public 

buildings), [kWh / year] [8]. 

2.2. Energy demand  of the building (gains and 

losses) 
To determine the energy demand of the building, 

the energy balance of the building should be made. 

Taking into account the direction of the flow of energy 

balance components, they are divided into gains and 

losses. To the gains are included energy provided by 

the heat transfer through divisions, solar energy from 

insolation of transparent divisions in the form of 

windows, glazing or doors, and insolation of opaque 

partitions, energy from people in the room, thermal 

energy being a side effect of mechanical and electronic 

working devices located in the room. Energy losses 

include losses due to heat transfer through the 

partitions (winter), ventilation, and transmission losses 

(networks and installations) [8]. 

The pie chart presented in Fig. 2 shows the 

distribution of energy components brought to a single-

family home. The largest part of the supplied energy is 

from fuel, then from the sun, and on the end energy of 

the person and the device. The largest part of the 

energy supplied is obtained due to the use of high 
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energy raw material (fuel) or depending on the type of 

installation, from the use of electricity. The effect of 

using this energy is its conversion into the form of 

thermal energy. Solar energy is a much smaller 

percentage of energy in relation to fuel, most often it 

comes from insolation of transparent divisions. 

 

Fig. 2. Distribution of energy components supplied in the 
average house with an energy demand index of 
150 kWh / (m2a), according to Reinmuth [9] 

Fig. 3 presents a pie chart of thermal energy loss in 
a single-family home. The biggest part of losses comes 
from windows. These losses can be aggravated by the 
wrong selection of windows and their incorrect 
placement. In order to minimize heat loss through the 
windows, the spaces between the glass are filled with 
gas, in eg. argon. However, the most heat is conducted 
through the window frames. 

 

Fig. 3. Distribution of components of energy losses in the 
average home with an energy demand index of 
150 kWh / (m2a), according to Reinmuth [9] 

According to Fig.3, heat transfer through the 

partitions is the second largest heat loss. To reduce the 

amount of heat losses due to this, it is necessary to 

compensate thermal bridges and increase the thickness 

of wall insulation. There is a problem regarding the 

identification of a thermal bridge in a building 

partition. To detect thermal bridge, an infrared camera 

can be used. The higher the temperature difference 

between the inside of the house and the outside 

environment, the more visible is the bridge on the 

thermovision image. Therefore, the most favorable 

time of year for this type of diagnostics is winter. 

Currently, the audit can be carried out using 

specialized programs such as ArCADIA-

TERMOCAD from Intersoft, which allows to enter 

geometry and thermal parameters of the building and 

individual rooms in order to make a thermal balance of 

the building. The pro-gram contains climate data for 

individual zones of the country. The program also has 

an option to model the building in 3D where it has the 

ability to determine the thickness of the walls and the 

number of storeys, etc. The audit aims to improve the 

energy efficiency that can be obtained through thermo-

modernization projects. Examples are: the 

improvement, which reduces the energy demand for 

heating and hot water preparing in residential 

buildings, complexes of buildings and buildings 

owned by local government units.  

Another goal is to reduce the consumption of 

primary non-renewable energy. This objective can be 

obtained by making a technical connection to 

a centralized heat source, due to the liquidation of the 

local heat source, resulting in a reduction in the cost of 

acquiring heat delivered to the buildings. Another 

method is the total or partial change of energy sources 

to renewable sources or the use of high-efficiency 

cogeneration [15]. Figures 4 and 5 present the printout 

of the calculation results of the final energy demand 

coefficient EK, usable energy coefficient EU and 

nonrenewable primary energy coefficient EP from the 

ArCADia-TERMOCAD program. The printout also 

includes a graph of the permissible value of the EP 

coefficient. The figures show the results of an energy 

audit for the same building taking into account 

different energy sources. In the audit presented in Fig. 

4, the coal-fired boiler was assumed as the source of 

heat, and the biomass boiler was used In building from 

figure 5. 

Figure 6-9 shows the printout of selected pages of 

the energy audit for the above-described building with 

a biomass boiler as a source of heat. The document 

contains, in addition to building data and calculated 

values of EK, EU and EP coefficients, the results of 

heat transfer coefficient U calculation for individual 

partitions as well as calculations for individual heating 

systems. 
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Fig. 4. Printout of an energy audit fragment from the ArCADia-TERMOCAD program for a building with a coal-fired boiler 

 

Fig. 5. Printout of an energy audit fragment from the ArCADia-TERMOCAD program for a building with a biomass boiler 
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Fig. 6. Selected cards of energy audit from the ArCADia-TERMOCAD program for a building with a biomass boiler 
(example 1) 
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Fig. 7. Selected cards of energy audit from the ArCADia-TERMOCAD program for a building with a biomass boiler 
(example 2) 
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Fig. 8. Selected cards of energy audit from the ArCADia-TERMOCAD program for a building with a biomass boiler 
(example 3) 
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Fig. 9. Selected cards of energy audit from the ArCADia-TERMOCAD program for a building with a biomass boiler 
(example 4) 
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3. SUMMARY 

European Union directives are designed to force 

on Member States to reduce energy consumption, 

especially from non-renewable sources. They provide 

the basis and guidance for the legislation of the 

Member States of the European Union. Ways of 

achieving the set goal are not imposed on the Union, 

so each state has the possibility to implement projects 

in its own way. In Poland and in several other 

countries, one of the ways to achieve the goal of 

reducing energy consumption from non-renewable 

sources is to introduce energy audits of newly 

designed buildings as well as existing ones. The audit 

allows to determine if the de-signed building meets the 

standards related to low energy consumption set by the 

legislator. In the case of renovation audits, the project 

involves checking the condition of the building and 

installation, presenting ways to reduce energy 

consumption for heating and hot water preparing by 

carrying out thermo-modernization and reducing the 

consumption of primary non-renewable energy 

through the exchange of heat sources for renewable 

energy. On the basis of figures 4 and 5 can be 

determined a significant reduction of the EP 

coefficient value  when as a heat source is using 

a biomass boiler. It fell by over 100 kWh/(m2/year). 

Another indirect goal is to reduce CO2 emissions. The 

reduction of energy consumption for heating purposes, 

especially those from fossil fuels, significantly reduces 

the emission of greenhouse gases. In addition to 

economic benefits, the energy audit of the building 

also brings environmental benefits [14]. 

Nomenclature 

Symbols 

��,� – Annual demand for final energy, 
���
��� � 

��,5" – demand for usable energy, 
���
��� � 

��,��� – average seasonal overall efficiency of the 

building's heating system 

��,� – energy required for heating purposes, (the 

preparation of hot water,	
���
��� � 

��,5" – demand for useful heat to prepare hot water, 
���
��� � 

��,��� – average seasonal total efficiency of the hot water 

preparation system 

78 – heating or cooling area (with regulated 

temperature) of building or local, [m2]. 

�0 – The annual demand,	
���
��� � 

�1,� – annual demand for primary energy through the 

heating and ventilation system for heating and 

ventilation, 
���
��� � 

�1,� – annual primary energy demand by the system for 

preparing hot water, 
���
��� � 

�1,3  – annual demand for primary energy through 

a cooling and ventilation system for room and air 

cooling, 
���
��� � 

�1,4 – annual primary energy demand by a lighting 

system (only included in public buildings), 
���
��� � 

Acronyms 

EK – Final energy 

EP – Primary energy 
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