SUMMARY OF THE REPORT ON THE ENERGY BEHAVIOUR OF THE CITIZENS OF MUNICIPALITY OF AMAROUSSION, ATHENS, GREECE. 

1. Introduction

In the framework of WP5 of the IEE project “PEPESEC”, the Municipality of Amaroussion Development Company (AMA) signed a contract with the Centre for Renewable Energy Sources and Saving (CRES, http://www.cres.gr), based on which CRES was given the power to perform a residential energy consumption survey (RECS) in the Municipality of Amaroussion. 

For the aims of our research, it was asked from 100 volunteers – citizens to answer a questionnaire, 63 of which responded positively. A sub-sample (30) of them participated in a household electricity consumption campaign conducted by CRES on behalf of AMA. 

The RECS implemented included the following stages:  
- Stage 1: Choice of the sample of household consumers where the measurement devices will be placed and the questionnaires will be delivered. The population out of which the sample will be taken, its size and the sampling criteria have been determined in order to get a sample which will be as much representative as possible of the total of citizens. 
- Stage 2: Contacts with citizens of the abovementioned sample and approval of participation in the study (completion of the questionnaires, placement of meters). Contacts with citizens out of the sample and approval of participation to the study by completing the questionnaires (no placement of meters). 
- Stage 3: Design of a questionnaire on energy consumption, habits and behaviour, attitudes and opinions, knowledge, familiarity and use of renewable energy and energy efficiency measures, demographics and debriefing questions. 
- Stage 4: Placement of digital energy consumption meters. Digital energy consumption meters have been placed to the selected households (each meter in each household placed in the central panel for 15 days).
- Stage 5: Elaboration of collected data from both measurements (smaller sample of 30 citizens) and questionnaires (larger sample of 63 citizens) in order to produce the residential energy consumption quality profile of the citizen of Amaroussion.  
- Stage 6: Design and development of a web-site application to be connected to the municipality’s website, where all results are presented, as well as recommendations, useful links, etc, related to energy saving solutions (http://www.cres.gr/pepesec).
- Stage 7: After measurements and web-site development, an appropriately adjusted questionnaire has been distributed in order to detect the impacts of previous stages (measuring campaign+visit of the web-site) on the energy behavior of the studied sample (smaller sample which took part in the measuring campaign).

Concerning the monitoring campaign specifically, it took place between 15th of September and 15th of December 2009, in a sample of 30 households in the Municipality of Amaroussion.
The measuring equipment was installed in the main power supply boards of each household, allowing this way to measure the total electricity consumption of the household. Power measurements were taken every 30 seconds and they were integrated with a time step of 10 minutes. The overall measuring period for each household was 15 days.

The measuring equipment that was installed measured both power and energy consumption. The measured data were transferred via a modem from the measuring equipment to a data logger. In the end of every measuring period, all the registered data in the logger were downloaded to a computer with the help of a program.
When the monitoring campaign was over the analysis of the data started, resulting to the creation of diagrams and power and energy consumption profiles for the sample. 
The basic findings and results of the measurement analysis are presented in the following diagrams and tables. 


2.1 Results from measuring campaign

In Diagram 1 the power demand profile for the average day of the sample is presented. As it can be seen the power demand is not steady throughout the day, presenting its lowest values during nighttime from 24:00 to 06:00, where it starts to increase reaching around 08:00 in the morning a peak value. This peak is related to the morning activities of the residents before they leave the house for their jobs. In the following hours the power demand presents a slight decrease and it is almost stabilized, until 14:00 – 15:00 when it increases again creating a second peak (this one is most probably related to cooking). The maximum power demand can be found. During this period the power demand is notably higher comparing to the rest of the day.

This daily power demand profile, with the maximum power demand in the afternoon and evening hours, is typical for the average household, following the habits and obligations of the Greek modern family. 
It is interesting to notice that during nighttime (from 24:00 to 06:00) there is a steady load of almost 250Watt. This load is most probably related to night lighting (internal and external), to equipment such as the refrigerators that operate 24hours a day or to appliances that are programmed to operate in the late evening hours due to cheaper cost of electricity (reduced nighttime invoice). Nevertheless a great share of this demand is due to standby and off-mode loads from electronic and electrical equipments such as TVs, PCs, monitors, routers, etc.

The peaks found in the power demand profile are most probably due to loads related to cooking, hot water production, lighting and entertainment.

Diagram 1. Power demand profile for the average day of the sample.

In Diagram 2 the daily power demand profile of a typical dwelling in the sample is presented.

The power demand profile of this household is similar to the profile of diagram 1, presenting increased demand for energy in the afternoon and morning hours and lower energy demand during the night (24:00 – 07:00).


Diagram 2. Daily power demand profile of a typical household in the sample.

In Diagram 3 the average weekly power demand of the sample is presented. As it can be seen from the diagram the trend of the power demand during weekdays follows the trend of the power demand described in diagram 1. Specifically, the lowest values can be found during the night (24:00 till 06:00), then an increase from 07:00 to 10:00 follows. Afterwards the power decreases again until around 16:00, when it starts to steadily increase, presenting the maximum values around 21:00 – 22:00. The profile of power demand is similar for all weekdays, while there is a slight differentiation during the weekend. Especially on Saturday, there is an increase of power demand in the morning hours (09:00 – 14:00). The power demand during the afternoon and evening hours is similar to that of a weekday. 

As noticed before, during nighttime (24:00 – 06:00) there is always a remaining steady power demand which can be explained by the same reasons mentioned above in the analysis of diagram1. 

Diagram 3. Power demand profile for the average week of the sample.

In Diagrams 4, 5, 6 and 7 the mean power demand per residence, the mean power demand per resident, the mean power demand per surface as well as the mean hourly power per resident and per surface are being depicted respectively. 
Finally in Diagram 8 the mean daily energy demand of each household is presented.
In all of the aforementioned diagrams the respective values for the average household of the sample are also given in a different coloring.  


Diagram 4. Mean power demand for each household in the sample.


Diagram 5. Mean power demand per resident for each household in the sample.



Diagram 6. Mean power demand per surface for each household in the sample.



Diagram 7. Comparative diagram of the mean power demand per resident and per surface for each household in the sample.



Diagram 8. Mean daily energy demand for each household in the sample.

Table 1 presents the average, minimum and maximum values of power and energy consumption of the sample of the 30 households, in a hourly, daily and yearly basis, as well as information about the average residents per household and the average surface per household of the sample.
It should be mentioned here that trying to extrapolate the yearly values is a little bit risky, as the measuring period was very small (only two weeks) and it only represents one season of the year (autumn). Thus it does not include typical features of the power consumption of other seasons such as the summer period where we have increased power consumption for covering cooling needs, but also reduced power consumption for hot water production and lighting.

Table 2 gives a comparative overview of the results from this project and the results from previous surveys that CRES has conducted in the framework of former Intelligent Energy for Europe (IEE) projects (REMODECE[footnoteRef:1], EURECO[footnoteRef:2]) and also a comparison with the data from the National Statistical Service of Greece (ESYE) from 2004.  [1:  REMODECE – Residential monitoring to decrease energy use and carbon emissions in Europe, έργο του προγράμματος Intelligent Energy for Europe (IΕE 05-124)]  [2:  EURECO - End use metering campaign in 400 households of the European Community, έργο του προγράμματος SAVE 267/98] 


Looking at Table 1 we can see deviations between the mean values and the min and max values. It is understandable that the power consumption differentiates a lot depending on several parameters such as the number of persons living in a household, the floor surface of the household, the way sanitary hot water is produced (e.g. solar thermal collectors or electrical water heater), the age of the residents (small children, elderly people) and on other parameters such as the energy efficiency of the household appliances, the level of ecological awareness of the residents etc. 

The sample was categorized in households that use electrical water heaters for the production of hot sanitary water and in household that use solar thermal collectors, and the results of this categorization are presented in Table 3. According to this table the mean hourly power consumption per resident for households that have an electrical water heater is 227Watt/hour/resident, while the respective value for household that use a solar thermal collector and this way don’t consume electricity for the production of hot sanitary water is 99Watt/hour/resident. The sample of households is small, thus these values cannot be considered representative values, and the increased power consumption in the first category cannot be attributed totally to the use of the electrical water heater. Nevertheless these values are indicative of a trend that wants the households that use an electrical water heater to have higher electricity consumption, since the production of hot sanitary water is one of the most energy consuming activities of a household.

Finally it should be mentioned that in the case of large houses (two or three storey houses) it is becoming more and more popular to have an elevator inside the house. This fact of course increases significantly the power consumption of the household.

Table 1.
	
	Sample of 30 households


	
	Mean value

	Min value

	Max value 


	Daily power (Watt/hour/day)
	457

	162
	1.337

	hourly power per resident (Watt//resident)
	188

	63,6
	334

	hourly power per surface (Watt/r/m2)
	4,06
	1,19
	9,62

	daily energy consumption (kWh/day)
	11,0
	3,89
	32,1

	yearly energy consumption (kWh/year)
	4.005
	1.420
	11.713

	yearly energy consumption per resident (kWh/year/resident)
	1.651
	557
	2.928

	yearly energy consumption per surface (kWh/year/m2)
	35,5
	10,5
	84,3

	Residents per household
	2,7
	1
	5

	Surface per household (m2)
	111
	60
	170




Table 2. 
	
	PEPESEC
(2009)
	REMODECE
(2006 – 2008)
	ESYE
(2004)
	EURECO
(2000 – 2002)

	Mean yearly energy consumption (kWh/year)
	4.005
	4.016[footnoteRef:3] [3:  The results from both these projects refer to a sample of 100 households.] 

	4.035
	4.6583

	Mean yearly energy consumption per resident (kWh/year/resident)
	1.651
	1.165
	1.517
	1.704




Table 3.
	
	Average value of households that use an electrical water heater
	Average value of households that use solar thermal collectors

	Mean hourly power per resident (Watt/hour/resident)
	227
(max 295, min 166)
	99
(max 182, min 64)



Finally in the framework of this project a saving potential was estimated by making the following assumptions: a) for appliances it was assumed that old appliances are replaced with new energy efficient ones, b) for lighting it was assumed that all CFL bulbs were replaced by CFL ones and c) for standby consumption it was assumed that the users had a change of behavior and all appliances are turned off by the on/off button, so there are no standby consumption losses.

Table 4.
	
	PEPESEC
(2009)
	REMODECE
(2006 – 2008)
	EURECO
(2000 – 2002)

	Mean yearly energy consumption of a household (kWh/year)
	1.001
	1.092
	1.074



According to the aforementioned assumptions the mean yearly energy saving per household is estimated to be 1.001kWh /year/household as it can be seen in Table 4. The respective value as estimated from the REMODECE project is 1092kWh /year/household, and 1.074 kWh /year/household according to the EURECO project.

It is should be mentioned here that the saving potential increases significantly if a solar thermal collector is installed for covering the needs for hot sanitary water production., especially in a country like Greece, with a very good coverage from the sun throughout the year. The saving potential if a typical solar thermal collector is installed in a household is estimated to be around 1.000kWh/year/household. This number is very close to the amount of energy saved when the aforementioned interventions are done.  


2.2 Conclusions

The residential sector plays an important role in the reduction of green house gas emissions, given that energy consumption in this sector accounts almost to 25% of the total final energy consumption of Greece and there lies an important saving potential.

In the framework of this project data concerning the electricity consumption of households were collected for the first time in the Municipality of Amaroussion. 

According to these measurements the mean yearly electricity consumption of a household was calculated to be 4.005kWh/year/household and the mean yearly electricity consumption per resident was 1.651kWh/year/resident. The main conclusions of the data analysis are summarized below.

During nighttime (from 24:00 to 06:00), although there is no human activity, there is a steady load of almost 250Watt. This load is most probably related to night lighting (internal and external), to equipment such as the refrigerators that operate 24hours a day or to appliances that are programmed to operate in the late evening hours due to cheaper cost of electricity (reduced nighttime invoice). Nevertheless a great share of this consumption is due to standby and off-mode loads from electronic and electrical equipments such as TVs, PCs, monitors, routers, etc.

The average power demand per resident is higher for households that use an electrical water heater for producing hot sanitary water compared to the one for houses with solar thermal collectors. The sample of households is small, thus these values cannot be considered representative values, and the increased power demand in the first category cannot be attributed totally to the use of the electrical water heater. Nevertheless these values are indicative of a trend that wants the households that use an electrical water heater to have higher electricity consumption, since the production of hot sanitary water is one of the most energy consuming activities of a household.

Finally the mean yearly energy saving per household is estimated to be 1.001kWh /year/household. This saving potential accounts almost to 25% of the yearly electricity consumption of a household and it was estimated based on the following assumptions:
a) for appliances it was assumed that old appliances are replaced with new energy efficient ones, b) for lighting it was assumed that all CFL bulbs were replaced by CFL ones and c) for standby consumption it was assumed that the users had a change of behavior and all appliances are turned off by the on/off button, so there are no standby consumption losses.

This saving potential can be increased by almost 1.000 kWh/year/household, if a solar thermal collector is installed for the production of hot sanitary water.

Concluding, it should be stated that there is a very important saving potential in the residential sector and it can be up to 50% by making interventions such as use of energy efficient appliances and solar thermal collectors and also with the change of behavior of consumers. 

3.1 Results from questionnaires analysis

Again the analysis is based on findings from the research conducted on energy consumption behavior of Amaroussion citizens. The project focused mainly on household electricity consumption, while also the citizens’ general energy consumption behavior was examined through the investigation of their awareness, degree of information, and attitudes towards energy issues. To this end, 100 volunteer citizens were asked to self-complete a structured questionnaire. The effective sample was 63 citizens. Among these, a smaller sample (n=30) participated in the measurement campaign conducted by CRES on behalf of the Municipal Development Company of the Municipality of Amaroussion (DEADA). The same smaller sample was asked to complete a second questionnaire after the completion of the measurement (effective sample for the second questionnaire was 15 citizens).
  
From the analysis of the questionnaire responses, which was created and analyzed by CRES, some important conclusions were obtained regarding citizens’ beliefs on the applicability of various energy saving and renewable energy techniques at home, problems and aspirations identified by public opinion and suggestions towards their resolution.


3.2 Main findings

3.2.1.  1st research phase

Most citizens of Amaroussion are not adequately informed on environmental and energy saving issues, which is evident either in their energy consumption habits or their beliefs and attitudes. 

3.2.1.1 Energy consumption habits

· 1 in 2 never cleans the refrigerator grid 
· 1 in 4 does not check the energy label of the fridge / refrigerator and 3 in 10 of the dishwashers 
· 6 in 10 do not fully load the washing machine
· 6 in 10 do not always place the lid while cooking
· Energy classes A++ and A+ are found only at 1 in 10 refrigerators, while quite a few are not aware of the exact energy class of the appliances
· 3 - 4 in 10 do not use the energy saving function on their monitor / PC
· The majority is not aware of the “energy star” label meaning in PCs and monitors
· Half are not aware that the screen savers actually saves energy
· 1 in 4 does not know that some appliances use up electricity even if they are turned off but not unplugged
· 6 in 10 do not unplug the chargers (mobile, laptop) when not in use
· 1 in 4 leave open doors when air conditioning is on
· 1 in 2 leaves lights turned on in empty rooms


3.2.1.2 Beliefs and attitudes

Although 92% claim to be informed on environmental issues, only 5% rank “electrical consumption” as the 1st most important selection criterion when purchasing an electric appliance and report ignorance concerning most RES. Attitudes towards the use of various energy types are a function of either (a) the degree of information for each (i.e., the more they feel informed, the more positive they are towards their application in Greece) such as PV plants, (b) how familiar they are with them on a day-to-day basis such as Solar energy for heating water and Burning oil & gasoline, and (c) whether the type of energy is considered to be “milder”, such as wind and tidal energy. Furthermore, only 16% believe the households are the main energy consumers in Greece (actual percentage is 25%); this may hinder their efforts for change in energy consumption due to the low “weight” of the percentage in the total consumption pie. Further education is needed so that it becomes evident for everyone that meeker and more responsible energy consumption can in fact make a difference. 


3.2.2 2nd research phase

The following section presents the findings from the sample (n=30) that participated in the in the measurement of household electricity consumption and illustrates the effects on citizens’ habits and attitudes, as recorded through the questionnaires that were completed after the end of the program. 

3.2.2.1 Knowledge and information, beliefs and attitudes, after the measurement campaign and visiting the internet portal

Citizens of Amaroussion exhibit in general a positive attitude towards applying energy conservation and RES at individual level; however, lack of adequate information and the high cost of related technologies are seen as main barriers. The remedies for this situation are the education on RES and EE at school level, the information through the Mass Media and the increase of public funding. Consequently, education of children at school but also pilot projects are the main actions proposed by the citizens to be taken at local level.

66% of participants claim that their participation has enhanced their knowledge on energy saving (Graph 1). 39% were influenced by the program concerning EE measures for the residential sector. 31% were influenced concerning RES measures for households and 28% for environmental issues (Graph 2). 





























	








Graph 1 (n=15)

	


















Graph 2 (n=14)




Concerning RES, the majority of citizens are more positively inclined towards the application of solar thermal and PV systems at Municipality level, and PV systems and wind mills at national level. Concerning EE, it is very encouraging that citizens are familiar and support concepts such as “bioclimatic architecture”. They strongly support the improvement of infrastructure (street lighting, public transport) and EE measures for households at Municipality level. 


3.2.2.2 Intention to change consumption behavior

The majority of citizens who participated in the program seem to be willing to improve their energy consumption habits and behavior, for instance, they are willing to…
· Clean the grid at the back of the refrigerator more often and to defrost more regularly
· Move their refrigerator or freezer if it is located across a cooking appliance
· Check the energy label of any new appliance they will purchase
· Lower the temperature at the washing machine and the dish washer, and to use the ECO button
· Load more fully the dishwasher
· Use the pressure cooker more often 
· Turn off more electric appliances with the on/off button, rather than with the remote control or putting them in stand by mode
· Unplug chargers that are not in use
· Use multiple sockets with a switch to turn off all appliances attached  
· Not leave the lights on in empty rooms
· Replace common light bulbs with low consumption light bulbs

All these changes can make change the landscape of energy consumption in the Municipality of Amaroussion. 
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Daily energy consumption profile - Typical dwelling of the sample
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