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Introduction 
 

 

 

 The topic of  the monograph r is the methodology of research in the field of building energy 

auditing used in different EU countries. The main objective of the research was to develop a common 

methodology in application in different climatic conditions. The studies have been carried by four 

research teams that analyzed alternative energy audit methodologies used in the following countries: 

Poland, Spain, Italy and England. These countries are characterized by extremely different climatic 

conditions.  

 There have been carried out studies of individual national methodologies for further analyses 

of specific studies of the audits performed by energy auditors or specialists in various countries in 

accordance with the applicable national regulations of these methodologies. Analyses of the national 

audit methodologies were carried out against the following criteria: climatic, location of the 

building, building elements, building construction, type of energy system analysis to be 

distinguished in different methodologies of real data sets to be measured and/or estimated 

data sets.  

 The type of sets of results of energy audits have been compared under the criteria of 
accuracy account of the energy audit as well as technical solution proposals of energy system 

improvements. The comparative study also conceived the methodological comparisons  of the 

economic analyses of technical & economic viability of proposals. 

 The study also included the level of staff involvement in working hours measurement 

criteria and the cost of audit performance of the different methodologies. The research scope 

of the analysis presents the State of the Art of the GERNERATION IV INTERREG POWER 

OF UE project providing the basis for developing a common methodology for building energy 

audit in application to the different European climatic zones. 
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The aim of the State of the Art analyses is to develop a simplified methodology for energy audit in the 

European Union based on the methodology of energy audits applied in individual countries of the 

GENERATION project. The object of the research are different methodologies of energy 

auditing. The project is a joint team work from the regions of the European Union: 

 

1. Poland   Malopolska   AGH 

2. Spain:   Andalusia   IAT 

3. Great Britain:  South East England  tEC 

4. Italy:   Emilia-Romagna  Modena  

 

 In the research have participated companies and experts specializing in the field of energy 

audits. According to the assumptions of the GENERATION project, the analyses cover public 

buildings. The study was based on an analysis of the audits performed in different countries. The data 

of the analyses is compiled in EXCEL spreadsheet. 

 

1. Type of the buildings 

 

Table 1:  Type of the buildings in the analysis GENERATION State of Art  

 

Building type AGH Modena 

tEC  

ARK  

tEC  

EDP 

tEC 

PCC 

IAT  

Microamb. 

IAT 

Endesa 

IAT  

INGHO  

IAT  

AZCATEC  

Health care centers (not hospitals) - 13 4 - 10 - - 30 21 

Schools, institutes and day centers 18 146 10 - 20 1 5 - 30 

Administrative buildings 34 81 - - 5 6 - 11 20 

Residential buildings (public) 217 15 - - - - - - - 

Sport centers - 41 - 1 - - - - 3 
Nursing homes & student 

residences 5 - 3 - - 1 - - 6 

Miscellaneous - - 2 - 20 - - 4 - 
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I. ANALYSIS OF THE QUESTIONNAIRE 

ñOVERVIEW DRAFT ENERGY AUDIT QUESTIONNAIREò 

 

 For the purposes of the analysis the IAT has developed a questionnaire ñOverview draft 

energy audit questionnaireñ, which is composed of two basic parts: data required and results, 

presenting methodological aspects characterized by regional methodologies.  

 The analyses presented encompass the elements of the audit which are: real, measured, 

calculated or estimated values. The results developed in different regions are summarized in the 

spreadsheet, State of the Art Review Excel.  

 

 

2. The required data by energy audits 

 

The following elements of demand calculation have been considered: 

 æ Building location 

 æ Geometry (height, area, volume) 

 æ Facade characteristics 

 æ Cavity and window characteristics 

 æ Climatic zones 

 æ Hourly profile of occupancy 

 æ Hourly profile of lighting (luminars and use) 

 æ Hourly profile of equipment use 

 

As the EXCEL sheet State of the Art Summary presents, there are important similarities and  minor 

differences between the various methodologies, both in terms of ESTIMATED DATA and REAL 

DATA. The results are presented in Table 2.1 and Graphs: 2.1 , 2.2A, 2.2B. 

The particular methodologies use all of the listed data for demand calculation. The majority use real 

values, but in some cases also estimated ones.  

 

Table 2.1: Type of data required in energy audit methodologies 
 

 AGH Modena ARK EDP Portsmouth Microambiental Endesa Ingho AZCATEC 

Estimated 38% 38% 63% 0% 38% 38% 13% 63% 38% 

Real 88% 100% 50% 100% 63% 63% 88% 63% 63% 

 

 

 

 

 

 

 

 

 

 

http://www.diki.pl/slownik-angielskiego/?q=particular
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Graph 2.1: Type of data required for demand calculation in energy audit methodologies 
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Graph 2.2A: The estimated data in energy demand calculation in energy audit methodologies 

 

ESTIMATED  

AGH

Modena

ARK

EDP

Portsmouth

Microambiental

Endesa

Ingho 

AZCATEC
Building location 

Geometry (hight, area, volume)

Fachade characteristics 

Cavity and vindow characteristics 

Climatic zones 

Hourly profile of ocuppancy 

Hourly profile of lighting (luminars

and use)

Hourly profile of equipment use 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

Graph 2.2B: The real data in energy demand calculation in energy audit methodologies 
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3. The data for the system analysis conceived the following building energy systems: 

 

æ Heating system 

 Characteristics of heating equipment 

 Performance curves of heating equipment 

 Hourly profile of heating equipment use 

æ Cooling system 

 Characteristics of cooling equipment 

 Performance curves of cooling equipment 

 Hourly profile of cooling equipment use 

æ Water heating system 

 Characteristics of heating water equipment 

æ Solar system 

 Characteristics of thermal solar equipment 

 Characteristics of photovoltaic solar equipment 

 

æ Characteristics of hydraulic pumps 

æ Characteristics of fans 

æ Energy consumption  

 Energy consumption for heating 

 Energy consumption for cooling 

 Energy consumption for water heating 

 Energy consumption for lighting 

 

As the EXCEL sheet State of the Art Summary presents, there are important similarities and 

differences between the various methodologies, both in terms of ESTIMATED DATA and REAL 

DATA. The results are presented in Table 3.1, and Graphs: 3.1 , 3.2A, 3.2B.  

The particular methodologies use almost all of the listed data for the system analysis. Some use real, 

other estimated values. The methodologies use real as well as estimated values. It is caused by a 

different and usually limited access to the complete and reliable data in a particular audit performance.  

 

http://www.diki.pl/slownik-angielskiego/?q=particular
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Table 3.1: Type of data required in system analysis in energy audit methodologies 
 

 AGH Modena ARK EDP Portsmouth Microambiental Endesa Ingho AZCATE

C 

Estimated 60% 60% 53% 47% 60% 27% 13% 87% 40% 

Real 73% 60% 73% 40% 33% 73% 87% 60% 60% 

 

 

 

Graph 3.1: Type of data required in the system analysis in energy audit methodologies 
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Graph 3.2A: The estimated data in the system analysis in energy audit methodologies 

 

AGH

Modena

ARK

EDP

Portsmouth

Microambiental

Endesa

Ingho 

AZCATEC
Characteristics of heating

equipment 

Performance curves of

heating equipment

Hourly profile of heating

equipment use

Characteristics of cooling

equipment 

Performance curves of

cooling equipment

Hourly profile of cooling

equipment use

 



 

9 

 

AGH

Modena

ARK

EDP

Portsmouth

Microambiental

Endesa

Ingho 

AZCATEC
Characteristics of thermal

solar equipment 

Characteristics of

hydraulic pumps 

Characteristicis of fans 

Energy consumption for

heating

Energy consumption for

cooling

Energy consumption for

water heating

Energy consumption for

lighting
 

 

 

Graph 3.2A: The real data in the system analysis in energy audit methodologies 
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4. Results and conclusions included in the final report of your energy audits:  

 

æ Accuracy account of the energy audit  

 Theoretical energy demand and consumption simulations compared with measured values 

 Analysis of real consumption compared with reference values 

 Analysis of real performance for cooling/heating systems 

 

æ Proposals of energy system improvements 

 

 Proposal to reduce the energy demand 

 Proposals to include improvements on the cooling/heating and heating water systems 

 Proposals to include improvements on lighting system 

 Proposals to include improvements on control system 

æ Economic analysis 

 Technical & economic viability of proposals 

 

As the EXCEL sheet State of the Art Summary presents, there are no important differences between 

the various methodologies, they present almost the same of the listed results and conclusions in the 

final report of energy audit. 

 

Table 4.1:  Results and conclusions included in the final report in energy audit methodologies 
 

AGH Modena ARK EDP  Portsmouth  Microambiental Endesa  Ingho AZCATEC 

88% 75% 100% 75% 88% 75% 75% 88% 100% 
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Graph 4.1:  Results and conclusions included in the final report in energy audit methodologies 
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The methodologies of the audit results calculation and conclusions are very similar. Only AZCATEC 

/IAT/ and also ARK Specialist Services Ltd. /tEC/ present all the results of the audit. 

 

Theoretical energy demand and consumption simulations compared with measured values are 

performed by all of the companies with the exception of MODENA. 

 

The analysis of the real performance for cooling/heating systems is performed by all of the companies 

with the exception of Microambiental, S.C.A. /IAT/ . 

 

The analysis of the real performance for cooling/heating systems is performed only by AZCATEC, 

MODENA, ARK Specialist Services Ltd. /tEC/.  

The other elements of the audit will be performed by all of the companies. The detailed results are 

presented in Graph 4.2. 

 

Graph 4.2: Detailed results and conclusions included in the final report in energy audit methodologies 
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II. HUMAN RESOURCES ENGAGEMENT ANALYSIS IN SCHOOL BUILDINGS 

 
The analysis of staff  involvement energy audit performance based on the comparison of hours/man 

values of the particular phases of audit procedure: 

 

 Preparation 

 Data capture 

 Simulation 

 Proposal of improvement and final report edition 

 

 
Table 1.1: Staff involvement in particular phases of energy audit performance in schools  

     [working time hours] 

 
Partner 

 

 Audit phases 

 
AGH 

(Consultant) 

Modena 

(Technical)  

tEC 

(Consultant) 

IAT 

(Engineer) 

Preparation 

building description 0,3 1,5 0,25 1 
description of heating & air-

conditioning systems 4 1 0,25 1 

description of lighting systems 0,3 1,5 0,25 2 

Data capture 

building information 2 24 0 32 

equipment inventory 2 1 0 53 

lighting equipment inventory 2 1 0 30 

Simulation 

building description 4 8 4 1 
description of heating & air-

conditioning systems 4,5 0,5 8 4 

description of lighting systems 2 0,5 1 4 

Proposal of 

improvement and final 

report edition 

proposal of improvement 1 2 0,25 10 

analysis of proposal 1 1 0,5 20 

final report edition 1 1 0,5 7 

Total [hours] 24,1 43 15 165 

 

The results present a very diverse amount of working time in hours, as shown in the table. The most of 

the time was spent by IAT:a total of 165 hours, the least tEC - 15 hours. As indicated in the table, IAT 

devotes many hours to the date of capture: 115h, while tEC does not perform the above mentioned 

work at all, i.e, 0h. 
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Graph 1.1: Staff involvement in particular phases of energy audit performance in schools  

                  [working time hours] 
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Table 1.2: Total staff involvement in energy audit performance in schools [working time hours] 

 

Partner  AGH Modena tEC IAT  

Total hours 24,1 43 15 165 

 
 

Graph 1.2: Total staff involvement in energy audit performance in schools [working time hours] 
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Table 1.3: The type and surface in MODENA schools 

 

 type of school surface m2 

M1 scuola elementare 2011 

M2 scuola materna 633 

M3 scuola materna 1333 

M4 scuola materna 653 

M5 scuola materna 780 

M6 scuola media 4432 

M7 scuola media 2410 

M8 scuola media 3730 

M9 scuola media 4640 

M10 scuola media 450 

 

 

The working time hours of the various phases of the audit for 10 schools of MODENA 

presents Table 1.4 and Graph 1.3. 
 

 

Table 1.4: Staff involvement in particular phases of energy audit performance  in MODENA schools   

                 [working time hours] 

 

   Audit phases M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 

Preparation 

building description 1,5 0,5 1,5 0,5 0,5 2 0,5 2 2 0,5 
description of heating & air-

conditioning systems 1 0,5 1 0,5 0,5 1 0,5 1 1 0,5 

description of lighting systems 1,5 0,5 1,5 0,5 0,5 0,5 0,5 1,5 1,5 0,5 

Data capture 

building information 24 16 24 16 16 32 16 32 32 16 

equipment inventory 1 1 1 1 1 1 1 1 1 1 

lighting equipment inventory 1 1 1 1 1 1 1 1 1 1 

Simulation 

building description 8 1,5 8 6 6 8 45 8 8 6 
description of heating & air-

conditioning systems 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 

description of lighting systems 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 

Proposal of 

improvement and 

final report edition 

proposal of improvement 2 2 2 2 2 2 2 2 2 2 

analysis of proposal 1 1,5 1 1,5 1,5 1 1 1 1 2 

final report edition 1 1 1 1 1 1 1 1 1 1 

Total [hours] 43 26,5 43 31 31 50,5 69,5 51,5 51,5 31,5 
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Graph 1.3 Staff involvement in particular phases of energy audit performance  in MODENA schools    

                 [working time hours] 
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Table 1.5: Total staff involvement in  energy audit performance  in MODENA schools   

                 [working time hours] 

 

 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 

Total hours 43 26,5 43 31 31 50,5 69,5 51,5 51,5 31,5 

 

 

Graph  1.4: Total staff involvement in  energy audit performance  in MODENA schools   

                 [working time hours] 
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 The research proves the staff  involvement in energy audit performance is very different. With 

particular Partners the total duration of the audit varies from 15 to 165 hours. The analysis of time 

involvement for the 10 audit of MODENA schools shows almost 3 fold differences in the audit 

performance under one methodology. 

 

 

III. THE ECONOMIC ANALYSIS OF THE ENERGY AUDIT COSTS  /Schools/ 

 

The study compared the costs of the energy audit by AGH, Modena, tEC and IAT. The data are 

summarized in table 1.1. 

 

Table 1.1: Costs of the particular phases of energy audit performance in schools  

     [EURO]  
 

Partner  Audit phases 

 
AGH 

(Consultant) 

rModena 

(Technical) 

Preparation building description 22 37,5 
description of heating & air-conditioning 

systems 
299 25 

description of lighting systems 22 37,5 

Data capture building information 149 600 

equipment inventory 149 25 

lighting equipment inventory 149 25 

Simulation building description 299 200 
description of heating & air-conditioning 

systems 
336 12,5 

description of lighting systems 149 12,5 

Proposal of 

improvement and 

final report edition 

proposal of improvement 75 50 

analysis of proposal 75 25 

final report edition 75 25 

Total costs [EUR] 1800 1075 
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Graph 1.1: Costs of the particular phases of energy audit performance in schools  

     [EURO]  

 
 
Table 1.2: Total costs of the  of energy audit performance  in schools  

     [EURO]  

 

 AGH Modena 

Total costs [EUR] 1 800 1075 

 

 

 

Graph 1.2: Total costs of the of energy audit performance in schools [EURO]  
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Table 1.3: The type and surface in MODENA schools 
 

 type of school surface m2 

M1 scuola elementare 2011 

M2 scuola materna 633 

M3 scuola materna 1333 

M4 scuola materna 653 

M5 scuola materna 780 

M6 scuola media 4432 

M7 scuola media 2410 

M8 scuola media 3730 

M9 scuola media 4640 

M10 scuola media 450 

 

 

The cost of the various phases of the audit for 10 schools of MODENA presents Table 1.4 and 

Graph 1.3. 

 
 

Table 1.4: Costs of the  particular phases of energy audit performance  in schools  

     for 10 schools of MODENA [EURO] 

 

   Audit phases M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 

Preparation 

building description 37,5 12,5 37,5 12,5 12,5 50 12,5 50 50 12,5 
description of heating & air-

conditioning systems 25 12,5 25 12,5 12,5 25 12,5 25 25 12,5 

description of lighting systems 37,5 12,5 37,5 12,5 12,5 37,5 12,5 37,5 37,5 12,5 

Data capture 

building information 600 400 600 400 400 800 400 800 800 400 

equipment inventory 25 25 25 25 25 25 25 25 25 25 

lighting equipment inventory 25 25 25 25 25 25 25 25 25 25 

Simulation 

building description 200 37,5 200 150 150 200 100 200 200 150 
description of heating & air-

conditioning systems 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5 

description of lighting systems 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5 12,5 

Proposal of 

improvement and 

final report edition 

proposal of improvement 50 50 50 50 50 50 50 50 50 50 

analysis of proposal 25 37,5 25 37,5 37,5 25 25 25 25 50 

final report edition 25 25 25 25 25 25 25 25 25 25 

Total costs 1075 662,5 1075 775 775 1287,5 712,5 1287,5 1287,5 787,5 
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Graph 1.3: Costs of the  particular phases of energy audit performance  in schools  for 10 schools of 

      MODENA [EURO] 
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There is noted a convergence of the level of costs between the different phases of the audits carried out 

by MODENA. 

 

Table 1.5: Total costs of energy audit performance  in schools   for 10 schools of MODENA [EURO] 

 

 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 

Total [hours] 1075 662,5 1075 775 775 1287,5 712,5 1287,5 1287,5 787,5 

 

Graph 1.4: Total costs of energy audit performance in schools   for 10 schools of MODENA [EURO] 
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The cost analyses based on a direct comparison of the cost of audit of AGH and MODENA show the 

differences are not due to labour time, as presented below: 

 

 AGH Modena 

Total hours 24,1 43 

 

while the costs are, respectively: 

 

 AGH Modena 

Total costs [EUR] 1 800 1075 

 
 

Similarly, comparing the amount of time and cost of the same region, by analogy, it appears 

that the cost of the audit is not positively correlated with the amount of time spent on its performance. 

For example, comparing the data for M6 and M7 schools, it can be seen that the cost of carrying out an 

audit for the school M6 is almost twice as high as that of the school M7, while the labour time for the 

school M7 is about 30% higher. 

 Despite the absence of economic data for the IAT and tEC it can be expected that the audit of 

tEC is the cheapest, because it requires only 15 hours, but obviously the IAT audit should be the most 

expensive because it requires 165 hours of work specialist. 

Assuming modest auditor gross earnings from ú10 to ú20 per hour, the audit salary varies from ú1650 

to ú3300. 

 

    IV. ENERGY ANALYSES  /Schools/ 
 

The energy analyses based on comparison of energy audits take into consideration: 

æ space heating system 

æ water heating system 

æ cooling system 

æ lighting system 

 

1. SPACE HEATING SYSTEM 

 

Based on the AGH data, where the levels of energy for heating in different months of the year have 

been presented in the following table and the chart: 

 

Table 1.1: Monthly energy demand in school buildings in AGH region [kWh/m
2
]  

 SPACE HEATING 
 

Month AGH 

January 21,601 

February 18,126 

March 10,263 

April  9,017 

May 0 

June 0 

July 0 

August 0 

September 0 
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Graph 1.1: Monthly energy demand in school buildings in AGH region [kWh/m
2
]  

 SPACE HEATING 

 
 

 

 

 The analyses present energy consumption for AGH. The chart presents the climatic conditions. 

Poland lies in fact in the climate zone of substantially lower temperatures, particularly the winter 

season, with the frost of below -20
0
 C.  

 

 

 

    2. WATER HEATING SYSTEM  

 

Basing on the AGH data, the energy consumption for water heating in different months of the year has 

been compared. The data have been presented in the following table and the chart: 

 

 

Table 2.1: Monthly energy demand in school buildings in AGH region [kWh/m
2
]  

 WATER HEATING 
 

Month AGH 

January 5,677 

February 5,784 

March 5,563 

April  5,582 

May 5,865 

June 6,059 

July 0,010 

August 0,021 

September 4,973 

October 6,271 

October 10,001 

November 18,136 

December 18,642 



 

22 

November 5,865 

December 5,976 

 

 

 

 

Chart 2.1: Monthly energy demand in school buildings in AGH region [kWh/m
2
]  

 WATER HEATING 

 

 
 

 

 

 The study presents energy demand for water heating in AGH buildings. The energy demand 

for water heating is stable and not generally affected by the climatic differences. 

 

3. COOLING SYSTEM 
 

 The analysis of the cooling system was only based on the AGH data. You can notice the lack 

of energy demand in the cooling systems in AGH buildings due to the cold climate and the type of 

building cooling systems in schools is rare. 

 

 

4. LIGHT ING SYSTEM 
 

Based on the AGH data, the lighting energy demand in different months of the year has been 

compared.  The results have been presented in the table and the chart.  

 

 

Table 4.1: Monthly energy demand in school buildings in AGH region [kWh/m
2
]  

 LIGHTING 
 

Month AGH 

January 4,650 

February 4,164 

March 3,949 

April  3,839 
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May 3,634 

June 2,847 

July 0,243 

August 0,235 

September 3,590 

October 4,367 

November 4,712 

December 4,862 

 

 

 The analyses present the lighting energy consumption of the different months of the year  is 

stable. The level of energy demand is slightly higher in cold months. In the summer: July and August 

there is no energy consumption in schools due to summer holidays.   

 The level of demand for energy for heating water is affected by the differences in the sunlight 

radiation. In Poland in the winter sun radiation is much smaller than in the summer, which leads to the 

need for prolonged use of lighting. 

 

 

Graph 4.1: Monthly energy demand in school buildings in AGH region [kWh/m2]  

 LIGHTING 

 

 
 

 

 

5. TOTAL ENERGY CONSUMPTION ANALISIS IN SCHOOL BUILDINGS  

IN GENERATION REGIONS  

 

 

Comparing the total energy consumption in school buildings, investigated separately, the level of 

energy consumption for heating the building, water heating, cooling and lighting. The results are 

summarized in the table, and then shown in the graph. 
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Table 5.1: Yearly total energy demand in school buildings in GENERATION regions [kWh/m
2
]  

 

 Heating Heating water Cooling Lighting  

AGH 105,79 57,65 0,00 41,09 

Modena 16,46 16,46 20,49 20,49 

 

 

 

Graph 5.1: Yearly total energy demand in school buildings in GENERATION regions [kWh/m
2
]  

 

 
 

 The energy analyses in school buildings indicate that the largest total energy consumption 

occurs in AGH buildings. Such a high level of consumption consists of space heating, which is equal 

to water heating and lighting energy consumption together. There is no energy demand for cooling due 

to the comparatively cold climate. The amount of MODENA energy for heating, hot water heating and 

lighting is of the same order. 

 

 

 

6. THE ANALYSIS OF THE C ONSUMPTION OF ENERGY IN SCHOOLS FOR AGH 

 

Table 6.1: Total monthly building energy demand for AGH in schools 

 

Month Space heating Cooling Heating water Lighting  

January 213 200,00 0,00 56 030,00 45 900,00 

February 178 900,00 0,00 57 090,00 41 098,00 

March 101 300,00 0,00 54 908,00 38 980,00 

April  89 000,00 0,00 55 099,00 37 890,00 

May 0,00 0,00 57 890,00 35 870,00 

June 0,00 0,00 59 807,00 28 098,00 

July 0,00 0,00 102,00 2 398,00 

August 0,00 0,00 206,00 2 323,00 

September 0,00 0,00 49 088,00 35 438,00 

October 98 706,00 0,00 61 890,00 43 098,00 

November 179 000,00 0,00 57 890,00 46 509,00 

December 184 000,00 0,00 58 980,00 47 987,00 
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Graph 6.1:  Total monthly building energy demand for AGH in schools 
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The AGH analyses of the structure of the monthly demand for energy in school buildings have the 

following conclusions:  

 

1 Building space heating 

 It constitutes the greatest demand for energy, characterized by large seasonal variations. It operates 

from October to April with the peak energy consumption in January. 

 

2. Water heating. 

The level of energy consumption for water heating shows a stable demand: it is constant in each 

month except zero demand during vacation period of July and August. 

 

3. Cooling  

The lack of energy consumption for cooling in AGH buildings due to comparatively cold climatic 

conditions. 

 

4. Lighting  

The level of energy consumption for lighting shows a stable demand: it is constant in each month 

except zero demand during vacation period of July and August. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

26 

 

 

I. HUMAN RESOURCES ENGAGEMENT ANALYSIS IN ADMINISTRATIVE BUILDINGS  

 

 

The analysis of staff involvement in the energy audit performance is based on the comparison of 

hours/man values of the particular phases of the audit procedure: 

 

 Preparation 

 Data capture 

 Simulation 

 Proposal of improvement and final report edition 

 

 

 

Table 1.1: Staff involvement in particular phases of energy audit performance in administrative  

     buildings [working time hours] 

 
 Partner 

 

 Audit phases 

 
AGH 

(Consultant) 

Modena 

(Technical) 

tEC 

(Consultant) 

IAT  

(Engineer) 

Preparation 

building description 0,3 1 0,25 7 
description of heating & air-conditioning 

systems 4 0,5 0,25 5 

description of lighting systems 0,3 0,5 0,25 2,5 

Data capture 

building information 2 16 0 10 

equipment inventory 2 1 0 16 

lighting equipment inventory 2 1 0 10 

Simulation 

building description 4 8 4 40 
description of heating & air-conditioning 

systems 4,5 1 8 32 

description of lighting systems 2 1 1 8 

Proposal of improvement and 

final report edition 

proposal of improvement 1 2 0,25 24 

analysis of proposal 1 1 0,5 72 

final report edition 1 1 0,5 24 

Total  [hours] 24,1 34 15 250,5 

 

 

Most of the time was spent by IAT: the total of 250,5 hours, the least tEC - 15 hours. As 

indicated in the table, IAT devotes many hours on the proposal of improvement and final report 

edition (120h), while tEC carries out the above mentioned work in 1h and 15 minutes. 
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Graph 1.1: Staff involvement in particular phases of energy audit performance in administrative 

        buildings [working time hours] 
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Table 1.2: Total staff involvement in energy audit performance in administrative buildings 

      [working time hours] 

 

Partner  AGH Modena tEC IAT  

Total hours 24,1 34 15 250,5 

 

 

Graph 1.2: Total staff involvement in energy audit performance in administrative buildings 

      [working time hours] 
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Table 1.3: The type and surface in MODENA administrative buildings 

 
 type of administrative buildings surface m

2 

M1 uffici comunali 443 

M2 sede comunale 1062 

M3 sede distaccata comune 1055 

M4 uffici comunali 602 

M5 uffici comunali 560 

M6 uffici comunali 2412 

M7 uffici comunali 642 

 

 

The working time hours of the various phases of the audit for 7 administrative buildings of MODENA 

are presented in Table 1.4 and Graph 1.3. 

 

 

 

Table 1.4: Staff involvement in particular phases of energy audit performance  in MODENA  

     administrative buildings [working time hours] 

 

   Audit phases M1 M2 M3 M4 M5 M6 M7 

Preparation 

building description 0,5 1 1 0,5 0,5 1 0,5 
description of heating & air-

conditioning systems 
0,5 0,5 0,5 0,5 0,5 0,5 0,5 

description of lighting systems 0,5 0,5 0,5 0,5 0,5 0,5 0,5 

Data capture 

building information 12 16 16 12 12 16 12 

equipment inventory 1 1 1 1 1 1 1 

lighting equipment inventory 1 1 1 1 1 1 1 

Simulation 

building description 6 8 8 6 6 8 6 
description of heating & air-

conditioning systems 
0,5 0,5 1 0,5 0,5 1 0,5 

description of lighting systems 0,5 0,5 1 0,5 0,5 1 0,5 

Proposal of 

improvement and final 

report edition 

proposal of improvement 2 2 2 2 2 2 2 

analysis of proposal 1 1 1 1 1 1 1 

final report edition 1 1 1 1 1 1 1 

Total [hours] 26,5 33 34 26,5 26,5 34 26,5 
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Graph 1.3 Staff involvement in particular phases of energy audit performance  in MODENA  

     administrative buildings [working time hours] 
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Table 1.5: Total staff involvement in energy audit performance in MODENA administrative buildings  

                 [working time hours] 

 

 M1 M2 M3 M4 M5 M6 M7 

Total hours 26,5 33 34 26,5 26,5 34 26,5 

 

 
Graph  1.4: Total staff involvement in  energy audit performance  in MODENA administrative  

        buildings [working time hours] 
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The research indicates that the involvement of working time of the auditor in the audit 

performance is very different. With particular partners the total duration of the audit varies from 15 to 

250,5 hours. The analysis of time involvement for the 7 audit of MODENA administrative 

BUILDINGS shows small differences in the audit performance under one methodology. 

 

 

 

II. THE ECONOMIC  ANALYSIS OF THE ENERGY AUDIT COST  /Administrative.../ 

 

The study compared the costs of the energy audit by AGH, Modena and IAT. The data are 

summarized in the table form: 

 

 

Table 1.1: Costs of the particular phases of energy audit performance in administrative buildings  

     [EURO] 

 
 Partner 

 

 Audit phases 

 
AGH 

(Consultant) 

Modena 

(Technical) 

IAT  

(Engineer) 

Preparation 

building description 22 25 280 
description of heating & air-conditioning 

systems 
299 12,5 200 

description of lighting systems 22 12,5 100 

Data capture 

building information 149 400 400 

equipment inventory 149 25 640 

lighting equipment inventory 149 25 200 

Simulation 

building description 299 200 1600 
description of heating & air-conditioning 

systems 
336 25 1280 

description of lighting systems 149 25 320 

Proposal of improvement and 

final report edition 

proposal of improvement 75 50 960 

analysis of proposal 75 25 3240 

final report edition 75 25 960 

Total  costs [EUR] 1800 850 10180 
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Graph 1.1: Costs of the particular phases of energy audit performance in administrative buildings  

     [ in euros] 

 

 
 
Table 1.2: Total costs of the of energy audit performance in administrative buildings  

     [EURO]  

 

Partner  AGH Modena IAT  

Total costs 1800 850 10 180 

 

 
Graph 1.2: Total costs of the of energy audit performance in administrative buildings  

      [EURO]  
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Table 1.3: The type and surface in MODENA administrative buildings 

 
 type of administrative buildings surface m

2 

M1 uffici comunali 443 

M2 sede comunale 1062 

M3 sede distaccata comune 1055 

M4 uffici comunali 602 

M5 uffici comunali 560 

M6 uffici comunali 2412 

M7 uffici comunali 642 

 

 

The cost of the various phases of the audit for 7 administrative buildings of MODENA presents  Table 

1.4 and Graph 1.3. 

 

 

 

Table 1.4: Costs of the  particular phases of energy audit performance  in administrative buildings for

      7 administrative buildings of MODENA [EURO] 

 

   Audit phases M1 M2 M3 M4 M5 M6 M7 

Preparation 

building description 12,5 25 25 12,5 12,5 25 12,5 
description of heating & air-

conditioning systems 12,5 12,5 12,5 12,5 12,5 12,5 12,5 

description of lighting systems 12,5 12,5 12,5 12,5 12,5 12,5 12,5 

Data capture 

building information 300 400 400 300 300 400 300 

equipment inventory 25 25 25 25 25 25 25 

lighting equipment inventory 25 25 25 25 25 25 25 

Simulation 

building description 150 200 200 150 150 200 150 
description of heating & air-

conditioning systems 12,5 12,5 25 12,5 12,5 25 12,5 

description of lighting systems 12,5 12,5 25 12,5 12,5 25 12,5 

Proposal of 

improvement and final 

report edition 

proposal of improvement 50 50 50 50 50 50 50 

analysis of proposal 25 25 25 25 25 25 25 

final report edition 25 25 25 25 25 25 25 

Total costs [EUR] 662,5 825 850 662,5 662,5 850 662,5 
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Graph 1.3: Costs of the  particular phases of energy audit performance in administrative buildings  

for      7 administrative buildings of MODENA [EURO] 
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The differences in the level of costs between the different phases of the audits of MODENA are not 

significant. 

 

Table 1.5: Total costs of energy audit performance in administrative buildings for 7 administrative 

     buildings of MODENA [EURO] 

 

 M1 M2 M3 M4 M5 M6 M7 

Total costs [EUR] 662,5 825 850 662,5 662,5 850 662,5 

 

 

Graph 1.4: Total costs of energy audit performance in administrative buildings for 7 administrative 

       buildings of MODENA [EURO] 
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The economic analyses prove that the cost analyses are based on a direct comparison between the 

costs of the audits of AGH, MODENA, tEC and IAT. The differences are not due to labour time, as it 

presented below: 

 

Partner  AGH Modena tEC IAT  

Total hours 24,1 34 15 250,5 

 
while the costs are, respectively: 

 

Partner  AGH Modena tEC IAT  

Total costs 1800 850 - 10 180 

 

 

The costs of the energy audit performance in GENERATION Partners are significantly different. The 

most expensive audit is that of IAT /ú10180 /, the cheapest audit is carried out by Modena /ú850/.  

Comparing the amount of time and cost, it appears that the highest costs of the audit 

performance in the case of  IAT are positively correlated with the amount of time for its 

implementation.  

  
III. ENERGY ANALYSES   /Administratives/ 

 

 

The energy analyses are based on the comparison of energy audits and take into consideration: 

æ space heating system 

æ water heating system 

æ cooling system 

æ lighting system 

 

 

1. SPACE HEATING SYSTEM 

 

Based on the AGH and IAT data were the levels of energy for heating in different months of the year 

have been compared. The data have been presented in the following table and the chart: 

 

 

Table 1.1: Monthly energy demand in administrative buildings in AGH and IAT regions [kWh/m
2
] 

      SPACE HEATING 
 

Month AGH IAT  

January 19,80 1,04 

February 17,31 0,69 

March 12,28 0,27 

April  10,12 0,00 

May 0,00 0,00 

June 0,00 0,00 

July 0,00 0,00 

August 0,00 0,00 

September 0,69 0,00 

October 9,03 0,00 
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Graph 1.1: Monthly energy demand in administrative buildings in AGH and IAT regions [kWh/m
2
] 

       SPACE HEATING 

 

 
 

 The analyses present substantial differences in the energy demand for space heating for AGH 

and IAT. These differences result from climatic differences. Poland lies in fact in the climatic zone of 

substantially lower temperatures, particularly in the winter season, with the frost of below -20
0
 C. 

During this period, in the area of southern Spain the temperature does not fall below a few degrees C. 

 

 
    2. WATER HEATING SYSTEM  

 

It is based on the AGH and IAT /INGHO/ data, where the levels of energy for water heating in 

different months of the year have been compared. The data have been presented in the table and the 

chart as follows: 

 

 

Table 2.1: Monthly energy demand in administrative buildings in GENERATION regions [kWh/m
2
]  

    WATER HEATING 
 

Month AGH IAT  

January 2,97 2,66 

February 2,86 2,66 

March 3,18 2,66 

April  2,87 2,37 

May 3,06 2,37 

June 3,17 2,37 

July 2,16 2,37 

August 2,18 2,37 

September 2,95 2,37 

November 19,16 0,78 

December 20,19 1,71 
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October 3,17 2,57 

November 2,97 2,57 

December 3,18 2,57 

 

 
Chart  2.1: Monthly energy demand in administrative buildings in AGH and IAT regions [kWh/m

2
]  

     WATER HEATING 

 

 
 

 

 
 The study presents small differences in the demand for energy for heating water for AGH and 

IAT. These differences are slightly higher in cold months, less in the summer period. The level of 

demand for energy for heating water is not generally affected by the climatic differences. The ground 

temperature in Poland is lower, especially in the winter months, therefore there is a need for higher 

energy level to warm the water up. 

 

 

 

 

    3. COOLING SYSTEM 
 

 The analysis of the cooling system was only based on the IAT data, because of the lack of 

cooling systems in AGH audits. Due to the cold climate and the type of building, cooling systems in 

schools are rare. 

 

 

Table 3.1: Monthly energy demand in administrative buildings in IAT region [kWh/m
2
]  

     COOLING 
 

Month IAT  

January 0,00 

February 0,00 

March 1,63 

April  1,05 
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May 1,13 

June 9,41 

July 4,89 

August 4,08 

September 1,88 

October 0,00 

November 0,00 

December 0,00 

 

 
The data in the table and the graph of energy consumption in different months of the year indicate that  

the IAT highest cooling energy demand occurs in June, it drops by almost 50% in July and then 

decreases by further 10% in August. In the remaining months it does not exceed 15% of the maximum 

June monthly consumption. In Andalusia cooling is used for 7 months of the year from March to 

September. 

 

 

 

 

Graph  3.1: Monthly energy demand in administrative buildings in IAT region [kWh/m
2
]  

       COOLING 
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4. LIGHTING SYSTEM 
 

Based on the AGH and IAT data, the lighting energy demand in different months of the year has been 

compared.  The results have been presented in the table and the chart.  

 

 

Table 4.1: Monthly energy demand in administrative buildings in AGH and IAT  regions [kWh/m
2
]  

    LIGHTING 
 

Month AGH IAT  

January 3,18 1,78 

February 3,97 1,78 

March 3,06 1,78 

April  2,04 1,63 

May 1,92 1,63 

June 1,80 1,63 

July 1,70 1,63 

August 1,58 1,63 

September 2,84 1,63 

October 3,16 1,87 

November 3,59 1,87 

December 3,86 1,87 

 

 
The analyses indicate differences in energy demand for lighting for AGH and IAT. These differences 

are slightly higher in cold months, and disappear in the summer. The level of demand for energy for 

lighting is affected by the differences in the sunlight radiation. 

In Poland in the winter sun radiation is much smaller than in the summer, which leads to the need for 

prolonged use of lighting. In Andalusia the drop of sun radiation in winter sun is relatively smaller. 

 

 

Graph 4.1: Monthly energy demand in administrative buildings in AGH and IAT regions [kWh/m2]  

      LIGHTING 
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5. TOTAL ENERGY CONSUMPTION ANALISIS IN ADMINISTRATIVE BUILDINGS  

IN GENERATION REGIONS  

 

 

 

Comparied the total energy consumption in administrative buildings, investigated separately, the level 

of energy consumption for heating the building, water heating, cooling and lighting. The results are 

summarized in the table, and then shown in the graph. 

 

 

 
Table 5.1: Yearly total energy demand in administrative buildings in AGH and IAT regions [kWh/m

2
]  

 

 Heating Heating water Cooling Lighting  

AGH 108,57 34,71 0,00 32,69 

IAT  4,50 29,88 24,08 20,76 

 

 

 

 
Graph 5.1: Yearly total energy demand in administrative buildings in AGH and IAT regions  

      [kWh/m
2
]  

 

 
 

 

 

The total annual energy demand in administrative buildings of AGH is more than twice higher 

than that of IAT. For AGH heating energy demand is higher than the demand for domestic 

water heating and lighting together. For AGH an absence of energy demand for cooling due to 

comparatively cold climatic conditions can be noticed.  
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For IAT the energy demand for water heating, cooling and lighting is of the same order. The 

heating energy demand is 4-5 times smaller. 

 

 

 

 
6. THE ANALYSIS OF THE CONSUMPTION OF ENERGY IN BUILDING 

ADMINIST RATIVES FOR AGH 

 

 

Table 6.1: Total monthly building energy demand for AGH in administrative buildings 

       

Month Heating Cooling Heating water Lighting  

January 193 200 0 28 990 30 988 

February 168 900 0 27 899 38 790 

March 119 873 0 30 998 29 877 

April  98 777 0 27 987 19 877 

May 0 0 29 870 18 760 

June 0 0 30 987 17 544 

July 0 0 21 098 16 544 

August 0 0 21 234 15 432 

September 6 709 0 28 769 27 689 

October 88 099 0 30 987 30 876 

November 187 009 0 28 970 34 998 

December 197 099 0 30 988 37 654 

Graph 6.1:  Total monthly building energy demand for AGH in administrative buildings 
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On the basis of the AGH analyses of the structure of monthly demand for energy in administrative 

buildings one can draw the following conclusions:  

 

1. Building space heating 

 It is the greatest demand for energy, characterized by large seasonal variations. It operates from 

September to April with the peak energy consumption in December. 
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2. Water heating. 

The level of energy consumption for water heating shows a stable demand: it is constant in each 

month with a decrease in holiday period of July and August. 

 

3. Cooling  

There is a lack of energy consumption for cooling due to comparatively cold climatic conditions. 

 

4. Lighting  

The level of energy consumption for lighting shows a stable demand, with an increase in the winter 

months. The level of demand for energy for lighting is affected by a drop of sunlight radiation in 

winter. 

 

 

 

 

I. HUMAN RESOURCES ENGAGEMENT ANALYSIS  /Residential (public)/ 

 

 
The analysis of the involvement of staff in the performance of energy audit is based on the comparison 

of hours/man values of the particular phases of the audit procedure: 

 

 Preparation 

 Data capture 

 Simulation 

 Proposal of improvement and final report edition 

 

 

 
Table 1.1: Staff involvement in particular phases of energy audit performance in residential buildings 

      [working time hours] 

 
 Partner 

 

 Audit phases 

 
AGH 

(Consultant) 

Modena 

(Technical) 

tEC 

(Consultant) 

IAT  

(Engineer) 

Preparation 

building description 0,3 0,5 0,25 1 
description of heating & air-conditioning 

systems 4 0,5 0,25 1 

description of lighting systems 0,3 0,5 0,25 2 

Data capture 

building information 2 24 0 12 

equipment inventory 2 1 0 26 

lighting equipment inventory 2 1 0 28 

Simulation 

building description 4 6 4 1 
description of heating & air-conditioning 

systems 4,5 1 8 2 

description of lighting systems 2 1 1 5 

Proposal of improvement and 

final report edition 

proposal of improvement 1 1 0,25 6 

analysis of proposal 1 1 0,5 13 

final report edition 1 1 0,5 4 

Total  [hours] 24,1 38,5 15 101 
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 The results present a very diverse amount of working time in hours, as shown in the table. The 

most of the time was spent by IAT: the total of 101 hours, the least by tEC - 15 hours. As indicated in 

the table IAT devotes many hours to the date of capture 66h while tEC does not perform the above 

mentioned work at all, i.e. 0h. The results are presented in the graph. 

 

 

 

 

 

 

Graph 1.1: Staff involvement in particular phases of energy audit performance in residential buildings 

       [working time hours] 
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Table 1.2: Total staff involvement in energy audit performance in residential buildings  

      [working time hours] 

 

Partner  AGH Modena tEC IAT  

Total hours 24,1 38,5 15 101 
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Graph 1.2: Total staff involvement in energy audit performance in residential buildings 

      [working time hours] 
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Table 1.3: The type and surface in MODENA residential buildings 

 

 

  type of residential surface m
2 

M1 appartamento comunale 100 

M2 appartamento comunale 100 

M3 appartamento comunale 130 

M4 appartamento comunale 130 

 

 

 
The working time hours of the various phases of the audit for 7 administrative buildings of MODENA 

are presented in Table 1.4 and Graph 1.3. 
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Table 1.4: Staff involvement in particular phases of energy audit performance in MODENA  

     residential buildings [working time hours] 

 

   Audit phases M1 M2 M3 M4 

Preparation 

building description 0,5 0,5 0,5 0,5 
description of heating & air-conditioning 

systems 0,5 0,5 0,5 0,5 

description of lighting systems 0,5 0,5 0,5 0,5 

Data capture 

building information 24 24 24 24 

equipment inventory 1 1 1 1 

lighting equipment inventory 1 1 1 1 

Simulation 

building description 6 6 6 6 
description of heating & air-conditioning 

systems 1 1 1 1 

description of lighting systems 1 1 1 1 

Proposal of improvement 

and final report edition 

proposal of improvement 1 1 1 1 

analysis of proposal 1 1 1 1 

final report edition 1 1 1 1 

Total [hours] 38,5 38,5 38,5 38,5 

 

 
Graph 1.3 Staff involvement in particular phases of energy audit performance in MODENA  

     residential buildings [working time hours] 
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It is noted that the level of hours/man between the different phases of the audits of MODENA 

is the same. 

 

 
Table 1.5: Total staff involvement in  energy audit performance  in MODENA residential buildings  

                 [working time hours] 

 
 M1 M2 M3 M4 

Total hours 38,5  38,5  38,5  38,5  
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Graph  1.4: Total staff involvement in  energy audit performance  in MODENA residential buildings 

       [working time hours] 
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The analysis of staff  involvement for the 4 audit of MODENA residentials doesnôt show any 

differences in the audit performance under one methodology. 

 
II. ECONOMIC ANALYSIS OF THE ENERGY AUDIT COSTS  /Residential (public)/ 

 

The study compared the costs of the energy audit by AGH and Modena. The data are summarized in a 

table form: 

 

Table 1.1: Costs of the particular phases of energy audit performance in residential buildings  

     [EURO] 

 
Partner 

 

 Audit phases 

 
AGH 

(Consultant) 
Modena 

(Technical) 

Preparation 

building description 22 12,5 
description of heating & air-conditioning 

systems 299 12,5 

description of lighting systems 22 12,5 

Data capture 

building information 149 600 

equipment inventory 149 25 

lighting equipment inventory 149 25 

Simulation 

building description 299 150 
description of heating & air-conditioning 

systems 336 25 

description of lighting systems 149 25 

Proposal of improvement and 

final report edition 

proposal of improvement 75 25 

analysis of proposal 75 25 

final report edition 75 25 

Total costs 1800 963 
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Graph 1.1: Costs of the particular phases of energy audit performance in residential buildings  

     [EURO]  

 

 
 

 

 
Table 1.2: Total costs of the energy audit performance in residential buildings  

     [EURO]  

 

 AGH Modena 

Total costs [EUR] 1 800 963 

 

 

 
Graph 1.2: Total costs of the energy audit performance in residential buildings        

[EURO]  
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Table 1.3: The type and surface in MODENA residential buildings 

 

 type of residential buildings surface m
2 

M1 appartamento comunale 100 

M2 appartamento comunale 100 

M3 appartamento comunale 130 

M4 appartamento comunale 130 

 

 
The cost of the various phases of the audit for 4 administrative buildings of MODENA presents  Table 

1.4 and Graph 1.3. 

 

 

 
Table 1.4: Costs of the particular phases of energy audit performance in residential buildings for

      4 residential buildings of MODENA [EURO] 

 

   Audit phases M1 M2 M3 M4 

Preparation 

building description 12,5 12,5 12,5 12,5 
description of heating & air-conditioning 

systems 12,5 12,5 12,5 12,5 

description of lighting systems 12,5 12,5 12,5 12,5 

Data capture 

building information 600 600 600 600 

equipment inventory 25 25 25 25 

lighting equipment inventory 25 25 25 25 

Simulation 

building description 150 150 150 150 
description of heating & air-conditioning 

systems 25 25 25 25 

description of lighting systems 25 25 25 25 

Proposal of improvement and 

final report edition 

proposal of improvement 25 25 25 25 

analysis of propos al 25 25 25 25 

final report edition 25 25 25 25 

Total costs [EUR]  962,5 962,5 962,5 962,5 
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Graph 1.3: Costs of the particular phases of energy audit performance residential buildings for 4 

residential buildings of MODENA [EURO] 

 

 
It is noted that the level of costs between the different phases of the audits MODENA is the 

same. 

 

 
Table 1.5: Total costs of energy audit performance in residential buildings for 4 residential buildings    

      of MODENA [EURO] 

 

 M1 M2 M3 M4 

Total costs [EUR] 962,5  962,5  962,5  962,5  

 

 

 
Graph 1.4: Total costs of energy audit performance in residential buildings  for 4 residential buildings 

       of MODENA [EURO] 
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The economic analyses indicate that the cost analyses are based on a direct comparison of the cost of 

the audit of AGH and MODENA. The differences are not due to labour time, as presented below: 

 

 

 AGH Modena tEC IAT  

Total hours 24,1 38,5 15 101 

 
while the costs are, respectively: 

 

 AGH Modena 

Total costs [EUR] 1 800 963 

 
 

 Despite the absence of economic data for the IAT and tEC one can expect the audit of tEC to 

be the cheapest, because it requires only 15 hours, but obviously IAT audit should be the most 

expensive because it requires 101 hours of specialist working time. 

 

 

    III. ENERGY ANALYSES   /Residential (public)/ 

 

The energy analyses based on the comparison of energy audits take into consideration: 

æ space heating system 

æ water heating system 

æ cooling system 

æ lighting system 

 

 
1. SPACE HEATING SYSTEM 

 

Based on the AGH data were the levels of energy for heating in different months of the year have been 

compared. The data have been presented in the table and the chart as follows: 

 

 

Table 1.1: Monthly energy demand in residential buildings in AGH region [kWh/m
2
]         

               SPACE HEATING 

 

Month AGH 

January 24,34 

February 20,42 

March 11,56 

April  10,16 

May 0,00 

June 0,00 

July 0,00 

August 0,00 

September 0,00 

October 11,27 

November 20,43 

December 21,00 
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Graph 1.1: Monthly energy demand in residential buildings in AGH region [kWh/m
2
]       

                SPACE HEATING 

 

 
 
 

Space heating energy presents the greatest demand for energy, characterized by large seasonal 

variations. It operates from September to April with a peak energy consumption in January. 

 

  
2. WATER HEATING SYSTEM  

 

Based on the AGH and IAT /INGHO/ data were the levels of energy for water heating in different 

months of the year have been compared. The data have been presented in the table and the chart as 

follows: 

 

 

Table 2.1: Monthly energy demand in residential buildings in AGH region [kWh/m
2
]  

    WATER HEATING 

 

Month AGH 

January 5,49 

February 5,83 

March 5,38 

April  5,69 

May 5,85 

June 5,95 

July 5,47 

August 5,58 

September 5,60 

October 5,57 

November 5,83 

December 5,72 

 


