
[image: image19.emf]8%

23%

36%

15%

31%

7%

38%

15%

29%

31%

23%

21%

8% 8%

7%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

EE measures for

households

RES measures for

households

Environmental issues

very much

a great deal

fairly

slightly

not at all


PEPESEC PROJECT 

Contract No.  EIE-07-179-S12.466281

Deliverable No.  5.5
Intelligent Systems Management Report
	Version no.
	Prepared/ Updated By

	1.0
	Adrian Slatcher

	
	


 January 2010 
CONTENTS
3Intelligent Systems Management Report


31.
Overview


32.
Context


43.
Review of Intelligent Systems in Use for Energy Planning


4Case Studies and Knowledge Base


6Evaluation of the PEPESEC Intelligent System Knowledge Based System (Deliverable 5.3)


14Case study of intelligent system deployment in Amaroussian.




Intelligent Systems Management Report
1. Overview 

This management report evaluates the use of intelligent systems to improve energy planning within municipalities, and looks at how they can impact on improving and shaping the energy planning process.  
There are three key components to this report :-

1) Review of intelligent systems in use for Energy Planning
2) Evaluation of the PEPESEC Intelligent System Knowledge Based System (Deliverable 5.3)
3) Case study of intelligent system deployment in Amaroussian.     
This report should be read in conjunction with deliverable 5.1 ..... which sets out a higher level vision for intelligent systems, and deliverable 5.2. which describes in detail the development process for the PEPESEC Knowledge Based System (Deliverable 5.3).  
2. Context 

Work Package 5: Intelligent Systems to plan and manage sustainable energy communities should be seen within the context of the development of the Sustainable Energy Community Plans (WP4) within the PEPESEC project. This work package was primarily to offer interventions, tools and online processes to better enable the development of the energy plans within each municipality. During the first part of the project it was also vital that intelligent systems were used to communicate fully with the project partners and could offer a Knowledge Base containing around 200 case studies (WP2) that could be used by municipalities to develop their own energy plans.  
As a management report this document details the various components developed, the tasks completed and evaluates the results.  
3. Review of Intelligent Systems in Use for Energy Planning 
Case Studies and Knowledge Base 

Case studies on best practice in energy planning were sourced from across Europe as part of the building up of a Knowledge Base for PEPESEC partners and others involved in Energy Planning.  
These case studies were partly put together through the Eurocities network, enabling the project to source a wide range of case studies across different municipalities and different countries.  This database was then developed into an online resource (energyplanning.pepesec.eu) which has now been fully integrated into the PEPESEC website.  See WP2 deliverables (www.pepesec.eu/deliverables) and final report for more details on the development of this resource. 
This knowledge base is fully searchable and is also tagged according to country and according to practice. 

Practice 
· Business engagement initiatives 


· 
change initiatives" 
Citizen engagement and behavioural change initiatives
 


· 
initiatives" 
District combined heat and power initiatives
 

· Energy efficiency 

· Energy from biowaste 

· Innovative low power IT initiatives 


· 
buildings" 
Intelligent and energy efficient buildings
 


· 
 equipment recycling" 
IT and other electrical or electronic equipment recycling
 


· 
related issues" 
Participative planning on energy and related issues
 

· Renewable energy generation 

· Street lighting 

· Transport 


· 
financing models" 
Use of Energy Service Company financing models
 

Countries

· Austria 

· Belgium 

· Czech Republic 

· Denmark 

· Finland 

· France 

· Germany 

· Greece 

· Hungary 

· Iceland 

· Ireland 

· Italy 

· Lithuania 

· Netherlands 

· Poland 

· Romania 

· Spain 

· Sweden 

· Switzerland 

· United Kingdom 

3.2 ICT Specific Projects 
The aim of the knowledge base was not to focus on ICT specifically, but to use ICT to access easily information relevant to the energy planning process.
However, within this selection of case studies a number did focus on ICT that has been specifically used within cities for carbon reduction and other environmental purposes. 

The 2 key categories for use of ICT were: 

· Low power ICT solutions

· ICT recycling

Addressing ICT specific issues around energy use of ICT and recycling of obsolete equipment. 

However ICT solutions are not just utilised within the ICT realm but to improve efficiencies in other areas of environmental sustainability such as metering and monitoring and awareness raising. A search of the database finds X projects that include the term “ICT” and Y projects that include the term “Digital”. 

3.3 Performance Indicators 
Relevant performance indicator -: Number of case studies on city regions which are implementing good practice in intelligent systems.

We identified 3 good case study examples of intelligent system implementation:-

· Use of GRIP tool by Manchester Knowledge Capital in energy planning

· Smart metering pilot with Amaroussian

· SymbioCity project – raising awareness in Malmo 

(ADD CROSS REFERENCES) 

Evaluation of the PEPESEC Intelligent System Knowledge Based System (Deliverable 5.3)
The development of the PEPESEC Intelligent Systems Knowledge Based System (Deliverable 5.3) is described in detail in Deliverable 5.2. This section summarises that document. 

The work package assessed use of Intelligent Systems, producing a vision in how those systems could support energy planning and sustainable energy communities in the knowledge society (Deliverable 5.1). The key aspect of intelligent systems that we had to undertake was how systems could “support improved decision making about strategic energy planning in city-regions.” During the first year of the PEPESEC project the knowledge transfer of the Swedish model for energy planning was primarily achieved through a series of workshops and study visits, however this was enhanced by the use of online communication tools (including www.huddle.net for ongoing project management) between partners and the development of the knowledge base and case studies. As each partner began to develop their specific development roadmap for their energy planning we followed up from the “vision” document (Deliverable 5.1) with a questionnaire on what sort of tools would help them in energy planning. The results of this were covered in detail in Deliverable 5.2. 
From these consultations we developed the intelligent system demonstrator (Deliverable 5.3) – an online knowledge base and social network which was tested with project partners as a resource as they completed the development phase for their energy plans. 

We were wanting to evaluated the following  -:

· Usability

· Type of content

· Usefulness   

Each partner was set a task of adding new content to the knowledge base, choosing a range of documents, websites and PEPESEC derived case studies to upload.  

Usability 

1. The system was a beta system and participants had to be set up beforehand. We identified key members of the PEPESEC community, one from each municipality, and these were given a login to the system and sent a simple testing plan.
2. Some basic instructions were provided via the landing page of the beta.
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Best Practice in Energy Planning
Intelligent Systems Demonstrator (befa)

Home.

Welcome to the Intelligent Systems Demonstrator

HFyou have recieved a usemame and password, please go to the log in page to
start using the system.

Ifyou have not receieved a usemame or password, or have lost your password,
please email Alan Holding at MDDA

Hello!

Login





3. Testing the system. On logging in a help screen provides information on how to test the system. 
· Browse resources

· Add own resources 

· Choose Existing resources

· Log off

· Return in a few days to add further resources (from other users) 
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Best Practice in Energy Planning
Intelligent Systems Demonstrator (beta)

Home  Add anew resource  Helping to test the system

Helping to test the system (Adrian's notes)
There are a few simple tests we'd like you to undertake.

1. Browse the resources that are on the system

‘These resources are links to documents, datasets and other useful documents
Check whether they are of interest. Make a note on how easy it was to browse
these documents and what kind of documents you would like to be finked to that
arent curtently.

2. Add your own resources

Wed like each user to add a number of resources to the system. You need to
give each resource a name, and its web address (it can be a website, a
‘document on the web, a video or a dataset ) It does need to be a web-based
resource.

Please enter the details of the resource and give a short description of what the
item s in your own language and say what type of resource itis (e.g. data,
document, website etc )

We would like each user to upload links to at least the following:

1. Awebsite that you find useful in your energy planning

2. A document that you find useful in your energy planning

3. Up'to three case studies from the PEPESEC knowledge base that you
have found useful in your energy planning

Make a note on whether you found this process easy or confusing - and whether
the information youve been asked for makes sense. If you would prefer to add a
link in both English and your host language (for instance, to encourage others
users to use the link) then please do so.

3. Choose some existing resources

‘The website already has some resources that are useful These include some
"best practice” favourites that we think are vital to your energy planning, and
‘some general documents, websites and tools that might be useful. In addition,
when you upload something it also becomes automatically grouped in your

Done





4. Upload your own resources. 
The upload screen provides a simple way of uploading and describing a link to a particular resource. 

You give the name a resource and a link to where it can be found on the web. Resources are not stored on this website in this iteration of the system.  

You also provide a description and say what kind of resource it is.

Types of resource: 

· Audio clip

· Structured Data (e.g. CSV, XLS)

· Document (e.g. Word, PDF)

· Photograph or image

· Publicity

· Video Clip

· Website

· Online Application 
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5. Added to Database

New resources are added to the PEPESEC Best Practice Database. They are automatically associated both with your identity (i.e. they are “Your Resource”) and with your “group” identity. In the Beta version of this site the “group” identity was by country. So that when you are registered on the site, your identity is shared by nationality.

In other words your resources also become your group or country resources. In this way you can easily see resources that have either been added (or shared) by other people from your country. 

The website accepts descriptions in different languages and even different alphabets (e.g. Greek script.) 

6.   Resource Dashboard
Each site registrant has a Resource Dashboard where it includes the following -:

· Individual’s resources

· Recommended resources

· Other resources by group (country)

· Partner resources

As can be seen the resource list is divided into 2 columns – personal resources and shared resources. The personal list includes any resources that the individual user has either uploaded themselves or has “added” to their list from the shared resource.

It is this sharing of resources that is key to the system. A new user – say, someone who is knew to energy planning – can login to the site and then have 3 different types of suggested resources to browse through. /

The recommended resources can be set by the system administrator to ensure that the most important resources (e.g. Best Practice Guide, GRIP tool, Energy Planning Knowledge Base) are highlighted for all users. 

Then there are a list of resources recommended by group (country.) In other words, specific resources that are of use to a particular legislative area, or to a particularl country or language can easily be found. The user can then add these to their personal list.

In addition, a list of all resources added by other partners can be added. 

This hierarchy provides users with a clear order of priority – not based on arbitrary figures such as how many people have “liked” it or “downloaded” it but based upon its relevance to themselves. 

The system automatically picks up their country ID from their registration, so that Greek users will see Greek resources, Italian users Italian resources etc. 

In this beta-test version of the Best Practice demonstrator we have chosen certain “global” resources as these should be of value to participants from each partner, and from each country. 

The list of additional resources means that any new resources added by any user in the system can also be browsed through and be of use to the user. 
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Best Practice in Energy Planning
Intelligent Systems Demonstrator (beta)

Home  Add anew resource  Helping to test the system

Adrian's resources (That's you!)

El

Document

Covenant of Mayors Sectoral Information Kit for
Energy Planning

A guide for energy planning at city-region level developed for the
Covenant of Mayors

Edit Preview

Participative planning on energy and related
issues

‘Guidance and technical support to municipal goverments to
improve the energy eficiency of the public sector

Edit Preview

Data

Energy Management in Municipal Public Buildings
in Helsinki

Introduction The City of Helsinki has a long tradition on energy
management in municipal operations, both in terms of targets for
specific heat and electricity consumption of the municipality and in
terms of carrying out energy audits, energy monitoring, other
technical measures and communication actions for energy
consenvtion and savings.

Edit Preview

Energy Meters Review podcast
A short podcast from the UK about home energy meters.
Edit Preview

Audio

yes2wind
A website promoting the use of Wind Farms.
Edit Preview

Wieaite

An Inconvenient Truth (Trailer)
e Trailer for the movie An Inconvenient Truth - a 2006 documentary

Hi Adrian

Log out

Recommended resources to add to your list

90

P

Tool

@

Wietaite

El

Document

Greenhouse Gas Regional Inventory Protocol Tool
(GRIP)

An online tool for that provides the regions of Europe with a
consistent methodology that enables them to produce an inventory
of greenhouse gas emissions, and to mornitor them annually.

Addto yourlist Preview

Energy Planning Knowledge Base

Case studies in energy planning from around Europe, collected as
part of PEPESEC.

Addto yourlist Preview

Best Practice Guide in Energy Planning

A best practice guide developed during the PEPESEC project for
energy planners within a city-region

Addto yourlist Preview

Other resources from Great Britain

9

p

P

ool

"l

H

Greenhouse Gas Inventory Protocol

‘The first part of the protocol is forming a greenhouse gas emissions
inventory. The GRIP approach enables regions across the world to
‘compare their releases using a consistent approach. This is
available free onine, and endorsed for use throughout the EU under
the Covenant of Mayors initiative.

Addto yourlist Preview

Greenhouse Gas Regional Inventory Protocol Tool

(GRIP)

An online tool for that provides the regions of Europe with a

consistent methodology that enables them to produce an inventory

of greenhouse gas emissions, and to mornitor them annually. -

Done
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Reduce Your Carbon Emissions Tool
Part of the Urban EcoMap Amsterdam website.
Edit Preview

DEHEMS Case Study

A presentation on SlideShare which provides an oveniew of the
Digital Environment Home Energy Management System (DEHEMS)
project.

Edit Preview

Partner resources

a

Dats

Document

Document

Wietaite

Participate planning of area “Colorificio Boero” (a
disused paint factory) in Molassana (Genoa’s
north-eastern suburb).

Pilot project of the townspeople participation in the Molassana
quarter. The project started from a relocation of factory “Colorificio
Boero that occupied a large zone of Molassana.

Addto yourlist Preview

Realization of Genoa’s Agenda 21

Agenda 21 proposes a cultural and methodological tack for
undertaking decisions. The Agenda 21's process prepares a
privleged ambit and specific tools to connect experiences and to
improve integration among econormic, environmental, institutional
and social sustainabilty.

Addto yourlist Preview

Life in the City: innovative solutions for Europe's
urban environment

Pubblicazione realizzata dalla Commissione Europea sui progetti
‘europei che hanno esplorato in questi anni diverse soluzioni
innovative a molti problemi ambientali. This edition looks specifically
at urban projects co-inanced by the LIFE programme. Spanning a
wide range of issues, the 24 projects covered in the publication have
tested and validated innovative approaches to sustainable urban
development that are both effective and widely applicable.

Addto yourlist Preview

Agenzia nazionale per le nuove tecnologie,
Penergia e lo sviluppo economico sostenibile
(ENEA) / Italian National Agency for New
Technologies, Energy and Sustainable Econom
Development (ENEA)

L'Agenzia ENEA ¢ finalizzata "alla icerca e allinnovazione
tecnologica nonché alla prestazione di senizi avanzati nei settori
dellenergia, con particolare riguardo al settore nucleare, e dello
siluppo economico sostenibile” - The Agency’s actiities are
targeted to “research, innovation technology and advanced senices
in the fields of energy - especially nuclear energy - and sustainable
‘economic development ”

Addto yourlist_Preview





7. Checking Resources within the System 
Any resources that are already in the system can be added into an individual’s personal list. 

The system is set up to enable you to preview the resource before you add it. In this example for instance we have previewed the “Center for Research and Technology Hellas” which has been put on the site by one of our Greek partners.  

This gives us the opportunity to check whether it is relevant or (in this case) not before we add it to our resources. Crucially it does not take us away from our own resources, providing a highly efficient way of browsing internet based resources. 
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Conclusions
This system was developed in response to the various requirements of energy planning partners within the PEPESEC project.  Our partners were busy with their own local issues and requirements and mostly wanted to be able to save time through identifying and using resources that could have local use. 

This system offered a degree of flexibility that allowed “sharing” of resources and “best practice.”

From the testing of the system we can conclude the following ;-

1. Energy planners currently use few online tools in their work, other than browsing the internet and using email. 

2. In order to encourage better use of tools within the Energy Planning community it is necessary to develop a specialised system that can enable the sharing of good practice and examples.

3. The system needs to be simple to use, and easy to learn. 

4. There is a need to identify resources, tools and other materials that allow for “knowledge transfer” across different projects and cities, and even across different countries. 
5. There is a longtidunal side to all energy planning and online tools need to reflect that.  

The Best Practice website (bestpractice.pepesec.eu) was developed as a test intelligent system demonstrator to enable better sharing of resources in energy planning for cities. It’s use towards the end of the project showed that it was easy to use, and could be of benefit for sharing resources. However, in order to be used beyond the demonstration period it would require some enhancements -:

1. A browse function for non-registered users of the system to easily access the materials available

2. An email or communication function to let users know of new resources as they are posted.

3. Choices around the number of resources displayed, and how they are to be displayed. 

There is clearly some synergies between energy planning within a country, however online tools on their own create additional issues for energy planners. Different municipalities have different levels of internet penetration, awareness and skills, and though common Web 2.0 tools are useful in terms of online questionnaires and awareness raising, they also need some work to enable them to be appropriate to the country and language in which they appear.  

In addition, it is for the professionals involved in energy planning where online tools have the potential biggest impact, but this often requires access to databases and integrated systems that are not currently integrated. The use of tools in the planning and strategic development of energy plans will surely increase manifold over the next few years, however, the integration of this with legacy systems, large datasets of environmental data and commercially confidential information requires other “drivers” – political, legislative, and efficiency based.  

Case study of intelligent system deployment in Amaroussian.

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.
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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).
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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. 
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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.  
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Diagram 4. Mean power demand for each household in the sample.
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Diagram 5. Mean power demand per resident for each household in the sample.
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Diagram 6. Mean power demand per surface for each household in the sample.


[image: image14.emf]Mean hourly Power consumption per resident and per surface

0

50

100

150

200

250

300

350

400

105001 105002 105003 105004 105005 105006 105007 105008 105009 105010 105011 105012 105013 105014 105015 105016 105017 105018 105019 105020 105021 105022 105023 105025 105026 105027 105028 105029 105031 105030

Average Household

Household

Watt/hour/resident

0

2

4

6

8

10

12

Watt/hour/m

2

Mean hourly power per resident Mean hourly power per surface


Diagram 7. Comparative diagram of the mean power demand per resident and per surface for each household in the sample.
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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
, EURECO
) and also a comparison with the data from the National Statistical Service of Greece (ESYE) from 2004. 

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

	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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� REMODECE – Residential monitoring to decrease energy use and carbon emissions in Europe, έργο του προγράμματος Intelligent Energy for Europe (IΕE 05-124)


� EURECO - End use metering campaign in 400 households of the European Community, έργο του προγράμματος SAVE 267/98


� The results from both these projects refer to a sample of 100 households.
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